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Abstract Influx of Ca®* via Ca®* channels is the major step triggering exocytosis of pituitary somatotropes to
release growth hormone (GH) . Voltage-gated Ca®* and K* channels, the primary determinants of the influx of Ca’* in
somatotropes , are regulated by GH-releasing hormone (GHRH) and somatostatin (SRIF) through G protein-coupled sig-
nalling systems. Using whole-cell patch-clamp techniques, the changes of the Ca’* and K* currents in primary cultured
somatotropes were recorded and signalling systems were studied using pharmacological reagents and intracellular dialysis
of non-permeable molecules including antibodies and antisense oligonucleotides. GHRH increased both L-and T-types
Ca®* currents and decreased transient ( I,) and delayed rectified ( I;) K* currents. The increase in Ca’* currents by
GHRH was mediated by cAMP/protein kinase A system but the decrease in K* currents required normal function of pro-
tein kinase C system. The GHRH-induced alteration of Ca®* and K* currents augments the influx of Ca’* , leading to
an increase in the [ Ca®* ]i and the GH secretion. In contrary, a significant reduction in Ca>* currents and increase in
K* currents were obtained in response to SRIF. The ion channel response to SRIF was demonstrated as a membrane de-
limited pathway and can be recorded by classic whole-cell configuration. Intracellular dialysis of anti-qi; antibodies at-
tenuated the increase in K* currents by SRIF whereas anti-ao antibodies blocked the reduction in the Ca’* current by

SRIF. Dialysis of antisense oligonuclectides specific for ao, sub-units also attenuated the inhibition of SRIF on the Ca”*

current. The Gi, protein mediated the increase in K* curtents and the Go, protein mediated the reduction in the Ca®*
current by SRIF. The SRIF-induced alteration of Ca’* and K* currents diminished the influx of Ca* , leading to a de-
crease in the [Ca’* ]i and the GH secretion. It is therefore concluded that multiple signalling systems are employed in

the ion channel response to GHRH or SRIF in somatotropes, which leads to an increase or decrease in the GH secretion .
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Growth hormone-releasing hormone (GHRH) has been shown to stimulate GH secretion in sever-

{1, 2]

al species since it was identified about two decades ago . It is generally accepted that exocytosis of

growth hormone ( GH) from somatotropes is regulated by intracellular free Ca’* concentration

([Ca’* ]i). GHRH increases the [ Ca®* ]i in pituitary somatotropes, an effect that is totally abol-

{3~5]

ished by using extracellular Ca’* free solution or by the blockade of Ca’>* channels . The large

Ca’* concentration gradient across the cell membrane allows a significant increase in the [ Ca’* ]i

when membrane Ca>* channels are opened. It has been shown that GHRH depolarises the membrane

potential of pituitary somatotropes and increases the frequency of action potentials[G’ 7l

4l8!

. The majority
of Ca’* channels on the membranes of somatotropes are voltage-gated'®! and the depolarisation or gen-

eration of action potential by GHRH would be expected to trigger an influx of Ca?* . Since most of the

* Project mainly supported by Australian National Health and Medical Research Council and partially supported by USA Human
Growth Foundation and Aza Research Inc., Australia.
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ionic currents across the membrane at resting potential are carried by K* , the transmembrane K*
channels are thought to play an important role in GHRH-induced depolarization!” ="}, GHRH in-
deed decreases membrane voltage-gated K* currents''?" 31 The effect of GHRH on the membrane ion
channels is most probably mediated by second messenger systems. This is because electrophysiological
responses to GHRH cannot be observed with classical whole-cell recording (WCR) but do occur dur-

ing microelectrode intracellular recordingm , on-cell patch-clamp recording!

7,9, 12]

or nystatin-perforated

recording , when intracellular macromolecular second messenger systems remain undisturbed.

In order to clarify the signalling systems employed by GHRH on voltage-gated Ca?* and K* channels,
patch clamp techniques have been employed to record the channel responses to GHRH in primary cul-
tured ovine and human somatotropes.

Somatostatin ( SRIF) is a well-defined inhibitor for the secretion of GH from pituitary soma-

totropes . A number of different ion channels in the somatotrope cell membrane have been demonstrat-

[15]

ed to be modified by somatostatin which leads to a reduction in the GH secretion" ”*. One important

action of SRIF is to increase K* currents leading to a hyperpolarisation of membrane potential and fa-

1[16, 17]

cilitate the repolarisation after action potentia . These modifications of cell electrophysiological

aZ +

properties reduce the influx of Ca’* via voltage-gated Ca’* channels. The other important action of

SRIF is to directly decrease transmembrane Ca?* currents which has been observed in rat soma-

[8, 18] f19, 20]

totropes and neurones . It has been suggested that G-proteins mediate both effects on the

basis of blockade of the response by pertussis toxin treatment!® 1% %

[21]

and on the structure of a typical
G-protein-coupled receptor' "’ . Subtypes of SRIF receptors are thought to be coupled to different types
of G-proteins!?!! and the Gi protein is thought to mediate the effect of SRIF on K * channels'?) . Al-
though Go protein has been suggested to play a role in the effect of SRIF to reduce Ca’* currents and

(22, 23] , it 1Is not clear

Gi protein has been suggested to increase K* currents in GH; tumour cell lines
as to which G-protein subtype mediates the effect of SRIF on membrane Ca’* and K* currents in
‘normal’ primary cultured somatotropes. The present study aimed at resolving this issue by dialysis of
aniibodies against a sub-unit of G protein and antisense oligonucleotides against a sub-unit of G pro-
tein mRNA sequence into cells to block the function of certain sub-type of G proteins. In primary cul-
tured ovine somatotropes, we found that ai; sub-unit of Gi; protein mediates the increase in the K*

current and the ao, sub-unit of Go, protein mediates the reduction in the Ca’* current by SRIF.
1 Effect of GHRH on voltage-gated Ca’* and K + currents
1.1 Ca* currents

The ovine somatotrope cultures were perfused with a bath solution containing 2.5 mmol/L Ca®* ,
130 mmol/L TEACI and 1 umol/L TTX, to exclude K* and sodium currents. Ca’* currents were

recorded using nystatin-perforated Cs* -internal whole-cell recording configuration .

Ovine somatotropes were found to have nifedipine-sensitive L-type Ca** currents and a low
threshold transient T-type current. Recorded by nystatin perforated WCR, application of GHRH in-
creased the amplitude of total Ca’* currents to 146% of the control { P < 0.05) without modification
of the activation properties (Fig. 1). The Ca’>* currents returned to control level about 20 min after
removal of GHRH from bath solution (Fig. 1(b)). T-type Ca®* currents were isolated by adding
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Fig. 1 Effect of GHRH on total Ca’* currems. (a) From a

holding potential of — 80 mV, depolarising pulses were applied as
indicated at the bottom of the figure with a time interval of 3s be-
tween pulses. Upper current traces were recorded in control bath
solution and middle current traces were recorded after the addition
of GHRH (10 nmol/L) to the bath solution. (b) The current-
voltage relationship obtained by plotting peak current against volt-
age of depolarising pulses in control (M) GHRH-containing (@)
and 20 min after removal of GHRH from (a) bath solution.
Adapted from Ref. [7] with permission.

3 pmol/L nifedipine into the bath solution and
were also increased by GHRH!"!. This effect on
T-type currents was also reversible after removal
of GHRH from bath solution for 20 min'”.
GHRH addition to the bath solution did not mod-
ify the voltage-dependent inactivation properties
or time-dependent removal of inactivation proper-
ties. To evaluate the time taken for GHRH to in-
crease Ca’® currents, single step pulses from a
holding potential of — 80 mV to + 10 mV were
applied repeatedly at intervals of 10 s before and
after GHRH application. The increase in Ca®*
current per unit membrane capacitance (pF) oc-
curred about 30 s after GHRH application and
became maximal by 2 ~ 3 minutes'”! . Incubation
of cells with Rp-cAMP (100 pmol/L), a mem-
brane permeable ¢AMP antagonist, for 10 min

did not change the Ca®* current but totally pre-

vented its response to GHRH (Fig. 2(a)). Hg,
200 nmol/L did not modify the voltage-gated Ca?* current but also prevented the Ca’* current re-
sponse to GHRH (Fig. 2(b)). PKC inhibitors, such as calphostin C or chelerythrine did not change
the levels of voltage-gated Ca’* current or the Ca®>* response to GHRH.

a selective PKA inhibitor, at a concentration of
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Fig. 2 Involvement of cAMP-PKA system in the Ca’* current response to GHRH. Statistical data (meant s.e.m.,

n=5) for the Ca’* current evoked by depolarizing pulse from a hp of — 80 mV to + 10 mV. The application of (a)
100 pmol/L Rp-cAMP or (b) 1 pmol/L Hy did not significantly modify the recorded Ca’* current. Both reagents,
however, prevented GHRH from increasing the amplitude of the Ca’* current. In the continued presence of Rp-cAMP

or Hg, the amplitude of the Ca’* current was unaffected by removal of GHRH.
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1.2 K7 currents

The human somatotropes were perfused with a bath solution containing 0.5 mmol/L Ca®*, 1
mmol/L Cd** and 1 pmol/L TTX, to exclude Ca®* and Na* currents. The K* currents were record-

ed using nystatin-perforated, K* -internal recording configuration .
g ny P g gu

When the K* currents were recorded from the cells held at — 80 mV and stepped to a range of
test potentials ( —= 50 ~ + 60 mV at 10 mV increments over 400 ms), somatotropes were found to have
a mixture of a voltage-gated transient K* current (I,) and a delayed rectified K* current (/). The
large, transient I, current was present when the somatotropes were held at — 80 mV and stepped to
potential above - 30 mV, but was absent when the cells were held at — 40 mV and stepped to the
same test potential. Only the Iy current was recorded during the depolarising pulse when a holding
potential of — 40 mV was used. Application of GHRH evoked a significant reduction in the amplitude
of the K* current. The effect of GHRH occurred immediately, reaching the maximal reduction within
5 min, and the amplitude of the peak current recovered completely 10 min after the removal of
GHRH. The total voltage-gated K* current and Iy current were evoked by depolarising pulses from a
holding potential of — 80 mV and - 40 mV, respectively. These two holding potentials were then
used to differentiate between the two components of the K* current, I, and I, respectively. Typical
current traces of a somatotrope are shown in Fig. 3(a). Fig. 3(b) shows the current-voltage relation-
ships for this cell first held at — 80 mV (Fig. 3(b-i)) and then at — 40 mV (Fig. 3(b-ii)). Means
*s.e.m. of current recorded with a test pulse to + 60 mV from a group of 13 cells are shown in
Fig. 3(c). GHRH treatment reduced I, by 37.6% = 6.3% (hp = — 80 mV, peak amplitude of the
K* current) and Ix by 32.8% +8.98% (hp= - 40 mV, amplitude of steady-state K* current) .
Ten minutes after GHRH was removed and the cells perfused with bath solution, the peak amplitude
of the I, had fully recovered, whereas Iy was only partially recovered (88% of control). Several
pharmacological reagents, such as 8-bromo-AMP (a membrane permeable cAMP analogue, 100
pmol/L), Rp-cAMP (a membrane permeable cAMP antagonist, 100 umol/L), Hg(a selective PKA
inhibitor, 1 umol/L) or internally dialysis of PKI (a selective PKA inhibitory peptide, 10 pmol/L)

did not change either the recorded K* current or the K* current response to GHRH''>" 1! |

Although the treatment of the somatotrope cultures with calphostin C for 10 min did not signifi-
cantly change the mean amplitude of the peak K* current, it abolished the GHRH-induced decrease
in the K* current amplitude (Fig. 4(a), n =5). Similarly, incubation of the somatotropes with
chelerythrine for 10 min did not affect the amplitude of total K* current but preventing the GHRH-in-
duced K* current response (Fig. 4(b), n =4). Pre-treatment of cells with phorbol 12, 13-dibu-
tyrate (PDBu) for 16 h was used to down-regulate PKC systems in the cultured cells as we have used
previouslyml . Pre-treatment of cells with 4a-phorbol 12, 13-didecanoate (4aPDD) for 16 h was used
as a control treatment as this phorbol has no biological activity[zs] . This down-regulation of PKC did
not change the voltage-gated K* current amplitude recorded with a test pulse to + 60 mV from a hp of
- 80 mV (n =6 for each group, Fig. 4(c)). The K* current response to GHRH was, however, to-
tally abolished in cells pre-treated with PDBu. Treatment with 4aPDD had no effect on either the peak
K* current amplitude or the response to GHRH (Fig. 4(c)). In contrast, a short term stimulation of
PKC by 0.5 pmol/L PDBu for 10 min significantly reduced total K* current similar to that induced by
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GHRH but without clear recovery even 20 min afier removal of PDBu (Fig. 4(d)). Again, the con-
trol 4aPDD was without effect. PKC,o44, a selective PKC inhibitory peptide, was dialyzed into the
recorded cell at a concentration of 10 pmol/L via classic WCR patch-clamp pipette. No change was
found in the recorded K* current amplitude following this dialysis but the K* current response to
GHRH was blocked (Fig. 4(e)). Under the same recording conditions but using a vehicle to replace
PKCyo_ s, GHRH induced a significant reduction in the total K* current (Fig. 4(e)).
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Fig. 3 Effect of GHRH on voltage-gated K* currents. (a) The voltage-gated K* currents of human somatotropes recorded
using different hp of ~ 80 mV or - 40 mV. Data are shown for a representative cell. (i) The peak K* current traces
evoked by a depolarising pulse to + 60 mV from a hp of — 80 mV under control (curve 1), during application of 10 nmol/
L GHRH (curve 2), and 10 min after the removal of GHRH (curve 3) . (ii) The steady state K* current traces evoked by
a depolarising pulse to + 60 mV from a hp of — 40 mV under control (curve 1), during application of 10 nmol/L GHRH
(curve 2), and 10 min after the removal of GHRH (curve 3) . (b) The current-voltage relationships of the peak or steady
state K* current recorded with a hp of — 80 mV or — 40 mV. Data were obtained from the same cell in panel (a). (i)
Comparison of peak K+ currents at a hp of — 80 mV during a depolarising pulse up to + 60 mV with a 10 mV interval
measured under control ((O), during application of GHRH ([J), and 10 min after the removal of GHRH (& ). (ii)
Comparison of steady state K* currents at a hp of — 40 mV during a depolarising pulse up to + 60 mV with a 10 mV inter-
val measured under control (O), during application of GHRH (1), and 10 min after the removal of GHRH (4 ). Note
that only a partial recovery after the removal of GHRH was observed when K* current was recorded at a hp of -40 mV.
(¢) (i) Statistical data (mean £ s. e. m., n = 13) for the peak K* current measured following depolarising pulse to
+60 mV from a hp of - 80 mV. GHRH (10 nmol/L) significantly ( ¥* , P <0.01) reduced the amplitude of the K*
current with a full recovery 10 min after removal of GHRH. (ii) Statistical data (meants. e. m., n = 5) for the steady
state K* current measured following depolarising pulse to + 60 mV from a hp of - 40 mV. GHRH (10 nmol/L) signifi-

cantly ( ** , P <0.01) reduced the amplitude of K* current with a partial recovery 10 min after removal of GHRH.
Adapted from Ref. [12] with permission.

In summary, GHRH is shown to increase voltage-gated Ca®* currents whereas to reduce voltage-
gated K* currents in somatotropes. The increase in Ca’* currents by GHRH is mediated by cAMP/
PKA system and the decrease in K* currents by GHRH requires activation of PKC system . Those
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Fig. 4 Involvement of PKC system in the K* current response to GHRH. Statistical data (meants.e.m., n=15) for the K" cur-
rent evoked by depolarizing pulse from a hp of - 80 mV to + 60 mV. The applications of 100 nmol/L calphostin C (a) or 1 pmol/
L chelerythrine (b) did not significantly modify the recorded K* current. Both calphostin C and chelerythrine prevented GHRH from
reducing the amplitude of the K* current. In the continued presence of calphostin C or chelerythrine, the amplitude of the K* cur-
rent was unaffected by removal of GHRH. (c) After pretreatment of cells with 4ePDD (0.5 pmol/L, open columns) or PDBu (0.

5 pmol/L, filled columns) for 16 h, voltage-gated K* currents were recorded from two treatment groups (n = 6 for each group) .

Statistical data (mean+ s.e.m., n=6) for the K* current evoked by depolarizing pulse from a hp of ~ 80 mV 10 + 60 mV. No
difference in voltage-gated K* currents was observed between two treatments under control condition. The application of GHRH (10
nmol/L) significantly and reversibly reduced the recorded K* current in 4aPDD-treated cells but did not modify the K* current in
PDBu-treated cells. (d) Local application of PDBu (0.5 pmol/L, filled columns) but not 4¢PDD (0.5 pmol/L, open columns)

for 10 min from application pipette decreased the voltage-gated K* current. Statistical data (mean + s.e.m., n =6) for the K*

current evoked by depolarizing pulse from a hp of ~80 mV to + 60 mV are given in this paunel. Note that the recovery of K* cur-

rent was not observed at least 20 min after removal of PDBu. (e) PKC inhibitory peptide, PKC,q., is not membrane permeable.

An internal dialysis was therefore used to introduce it to the recorded cell. Conventional WCR configuration was employed in this
study as detailed in the Materials and Methods. Columns in this panel show statistical data (mean+s.e.m., n= 4) for the K*

current evoked by depolarizing pulse from a hp of — 80 mV to + 60 mV. Inclusion of PKCys (10 pmol/L) in intemnal solution
(filled columns) for 15 min did not significantly modify the recorded K* current and GHRH did not modify the amplitude of the K*

current in presence of PKCyg.5 in the recorded cells. In a group of cells recorded without PKCyq.5¢ in electrode (open columns),

GHRH reversibly reduced the K* current. Adapted from Ref. [12] with permission.
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signalling systems are illustrated in Fig. 5, which demonstrates a diversity of intracellular signalling
systems employed by GHRH to regulate voltage-gated Ca** or K* channels. Such an increase in
Ca** current and decrease in K* current cause an elevation of Ca** influx and thereby the GH secre-

tion .

ATP cAMP/PKA X;letgg;:
=)
Voltage- channels
gated Ca®*
channels

Fig. 5 Mechanism of the action of GHRH on Ca>* and K* channels-coupling with PKA and PKC systems.
This diagram illustrates the coupling of the Ca®* and K* channels with GHRH receptors. Using the extracel-
lular and intraceltular applied pharmacological reagents against different steps in PKA or PKC signalling sys-
tems, we have demonstrated that cAMP-PKA system mediates the action of GHRH on voltage-gated Ca®* cur-

rents and PKC system is essential for the action of GHRH on voltage-gated K* currents in somatotropes.

2 Effect of SRIF on voltage-gated Ca’* and K* currents
2.1 Ca’* currents

As discussed above, two types of Ca’* currents were recorded as T and L types with L current as
the majoritym . Local administration of SRIF reduced both T and L currents without preference. We
have shown that the reduction in Ca’* currents by SRIF was completely abolished by the treatment of
the culture with pertussis toxin (100 ng/mL) for 10 h{8) . This result indicates that the functional ex-
pression of SRIF on Ca®* currents is mediated through activation of pertussis toxin sensitive G pro-
teins. We have also shown that!?!
Ca®* currents by SRIF was obtained within 5 min after establishing WCR (Fig. 6) . This response di-

minished after 20 min of dialysis of anti-ao antibodies, when SRIF was given a second time. With an-

with WCR using anti-ao antibodies in the pipette, a reduction in

ti-ad; _,, anti-ai; or heat-inactivated anti-oo antibodies in the electrode solution there was no effect on
the reduction in Ca** currents by SRIF either just after WCR formation or after 20 min of dialysis
(Fig. 6). In order to identify the subtype of Go proteins involved in the Ca’* current response to
GHRH, we developed antisense strategies to specifically target on aol or ao2 sub-units whereas the

26]

specific antibodies were not available! At the time of dialysis with antisense oligonucleotides

(1 pmol/L), recordings were made of voltage-gated Ca®* currents and the response to SRIF. In order
to study the time course of the effect of antisense dialysis, ao antisense (ASm) was dialysed into the

26]

cell when initial response to SRIF was recorded'?! . Cell dialysis lasted for 5 min, which was suffi-

cient for the dialysis of the antisense oligonucleotides. At the end of the dialysis period, the patch
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Fig. 6 Effect of intracellular dialysis of anti-a sub-unit of G - protein antibodies on SRIF-induced reduction in Ca** cur-
rent. Ca’* current was evoked by depolarising pulses from a holding potential of — 80 mV to O mV, with an electrode solu-
tion containing anti-co sub-unit antibodies for intracellular dialysis (a). Ca’* current was evoked by depolarising pulses
from a holding potential of — 80 mV to 20 mV with electrode solution containing anti-¢il-2 sub-unit antibody (b) or anti-
i3 sub-unit antibody (c) for intracellular dialysis. In (a) ~ (c¢), trace 1 represents the control current; trace 2 is the cur-
rent after the first application of 10 nM SRIF; trace 3 is the current recorded about 20 min after establishing WCR; and
trace 4 is the current after the second application of 10 nmol/L SRIF (following trace 3) . (d) Ca** current-time relation-
ships during intracellular dialysis of anti-ai3 sub-unit (@), anti-co sub-unit (M) or anti-qil-2 sub-units (A ) antibodies.
Ca®* current was recorded every min and shown as a percentage of control current (peak value, 100% ) . Numbers on the

curve represent the times at which inward currents were passed to derive the data shown in panels (&) ~ (¢). (e) (Mean

+3.e.m.) percentage inhibition of peak Ca* current by 10 nmol/L SRIF during the first application of SRIF ( filled

columns) or 20 min after establishing WCR (open columns) during the intracellular dialysis with anti-ao (n = 8), anti-

¢il-2 (n=35), anti-ai3 (n =8) or heat-inactivated anti-co ( n = 8) antibodies. ~* : P <0.01. Adapted from Ref.

[26] with permission.
pipette was carefully withdrawn, and usually the cell resealed itself. Distinctive marks were made on
recorded dishes to locate the dialysed cells for subsequent recording. The cells were then incubated in
the presence of serum for 12, 24, 48, and 72 h, the cells that survived dialysis were re-patched for
a second time for the response to SRIF. A sharp reduction in the effect of SRIF on the Ca?* current
was observed after 24 h of incubation, reached a peak after 48 h incubation, and partially recovered
after 72 h of incubation'? . The incubation time of 48 h was then selected to study the effect of differ-
ent antisense oligonucleotides dialysis on the response to SRIF. After dialysis of a0 ASm or ao, AS,
there was a reduced effect of SRIF on Ca?* currents compared with the initial response to SRIF (Fig.

7). In contrast, after dialysis of ai; AS or ao, AS, the SRIF response was not altered (Fig. 7). No



¥

No. 3 CHEN: SIGNALLING INVOLVED IN REGULATING ION CHANNELS 169

kinetic changes were obtained after dialysis of antisense oligonucleotides .
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Fig. 7 Ca**-current inhibition by SRIF in ovine somatotrophs 48 h after dialyses of antisense oligonucleotides directed
against mRNAs encoding ao, aol,a02, and ai3 sub-units. Ca’* current was evoked by depolarising pulses from a holding
potential of ~ 80 mV to 10 mV with an electrode solution containing ool AS (a) or ao2 AS (b) for intracellular dialysis.
Trace 1 represents the control current; trace 2 is the current after the application of 10 nmol/L SRIF during initial record-
ing; trace 3 is the current recorded 48 h after dialysis; and trace 4 is the current after the second application of 10 nmol/
LSRIF. (c) (Mean ¢ s.e. m.) percentage inhibition of peak Ca’* current by SRIF during the dialysis of antisense
oligonucleotides {filled columns) or 48 h after the dialysis (open columns) with a0 ASm (n=7), aol AS (n=4), o2
AS(n=4), orai3 AS(n=5). #%: P<0.01. Adapted from Ref. [26] with permission.

2.2 K?* currents

SRIF causes a reversible increase in voltage-gated K* currents including both I, and Ix cur-
ge-g g K

[17, 27]

rents . In ovine somatotropes, those two types of K* currents were recorded with /g as the ma-

joritym‘ ! Local administration of SRIF (10 nmol/L) increased both I, and I; without preference
and this increase was reversible after removal of the SRIF!?") . When the GTP-7-s was included in the
electrode solution (200 ymol/L), application of SRIF increased the K* currents but this increase was
not reversible after removal of the SRIF. When the same concentration of GDP-3-s was included in the
electrode solution, the increase in the K* current by SRIF was totally abolished. These effects of
GTP-y-s and GDP-B-s dialyses on the K* current response to SRIF strongly indicate an involvement of

G-proteins.

With WCR using anti-ai;, or anti-ai; antibodies in the pipette, an increase in K* currents by
SRIF was obtained within 5 min after establishing WCR (Fig. 8). This response diminished after
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25 min of dialysis of anti-ai; antibodies, when SRIF was given a second time (Fig. 8). With anti-
ai;., antibodies in the electrode solution there was no modification of the increase in K* currents by
SRIF either just after WCR formation or after 25 min of dialysis (Fig. 8). Dialysis of these antibodies
did not change the basal K* current recorded by depolarising membrane potentials from a holding po-
tential of — 80 mV. These data therefore indicate that Gi; protein mediates the action of SRIF on the
voltage-gated K* current'?”” |

We conclude that the effect of SRIF on voltage-gated K* currents in ovine somatotropes is medi-
ated by aiy sub-unit of Gi, proteins and on voltage-gated Ca®* currents is by ao, sub-unit of Go, pro-

teins. The mechanism of action of SRIF on Ca?* and K* currents is summarised and illustrated in

Figure 9.
a b \
(a) SRIF (b) SRIF
5 mi_nf Control 5 mf Control L_
\—
SRIF [500 pA SRIF [40002
25 min/ Control 25 mn_n/- Control |
. L
N +40 mV T wo mvV
-80 mV — -80 mV —
40 ms 40 ms
(c) Yok
240 _ ' 1
5 min 25 min 5 min 25 min
~ 200
2 T I
?:: 160
: T T . T T
E 120
)
~ g0
40 —T T T T T T T 1
Control SRIF Control SRIF Control SRIF Control SRIF
Anti-ail-2 antibodies Anti-cti3 antibodies

Fig. 8 Effect of intracellular dialysis of anti-ail-2 or anti-ai3 sub-units of G-protein antibodies on SRIF-induced in-
crease in the K* current. The K* current was evoked by depolarizing pulses from a holding potential of - 80 mV to
+40 mV with an electrode solution containing anti-ail-2 antibody (a) or anti-ai3 antibody (b). SRIF was applied
twice within 5 min after establishing WCR and at 25 min after establishing WCR. Trace ‘SRIF’ is the current after the
application of 10 nmol/L SRIF. (c¢) is the K* current { calculated for unit membrane capacitance, pF) evoked by the
same depolarising pulse with an electrode solution containing antibodies against ail-2 or ai3 sub-unit of G-protein for in-
tracellular dialysis. Data shown are mean{ + s.e.m.) peak K* current { marked by control) and the K* current in
presence of 10 nmol/ L SRIF (marked by SRIF) during the first application of SRIF (5 min) or 25 min after establishing
WCR (25 min) during the intracellular dialysis with anti-ail-2 (n = 5), anti-ai3 (n = 8) antibodies. ** : P < 0.
01. Adapted from Ref. [27] with permission.
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Fig. 9 Mechanism of the action of SRIF on Ca** and K* channels-coupling with Go, and Gij proteins. This dia-

gram illustrates the coupling of the Ca’* and K* channels with somatostatin receptors. Using the intracellular dial-
ysis of antibodies and antisensg oligonucleotides against different o sub-units of G proteins, we have demonstrated

that qo, sub-unit of Go, protein mediates the action of SRIF on voltage-gated Ca®* currents and aiy sub-unit of Gi

protein mediates the action of SRIF on voliage-gated K* currents in ovine somatotrophs.

3 Final conclusion

Our study clearly demonstrated the modification of voltage-gated Ca’* and K* channels by
GHRH and SRIF in opposite directions. The detailed signalling systems also have been studied using
extracellular applied pharmacological reagents, intracellular applied peptidergic protein kinase in-
hibitors, antibodies or antisense oligonucleotides. Detailed studies of certain signalling molecules at
single cell level are clearly able to resolve which signalling systems mediate which responses and the
dialyses of specific peptidergic inhibitors, antibodies or/and antisense oligonucleotides via patch-
clamp electrode provide a powerful approach in this regard. The technique of intracellular dialysis can
also be used in other studies, such as direct dialysis of intracellular signalling molecules or the pep-

tide fragment of receptor responsible for the cascade of stimulation by activation of the receptor.
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