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ABSTRACT

Circulating acetylcholine (natural substrate of acetylcholinesterase) is able to modulate the micro-
circulatory blood flow by controlling nitric oxide (NO) intracellular mobilization, its metabolism
(NO,) and its release from erythrocytes. In reverse, velnacrine maleate plays a competitive role as an
acetylcholinesterase (AChE) inhibitor decreasing NO-mediated erythrocyte responses.

In our previous studies we hypothesis that a possible response’s mechanism lies on the NO trans-
location among nitrosylated molecules through a protein G linked to band 3 protein. Band 3 phos-
phorylated/dephosphorylated states are processed by major tyrosine-kinases (PTK) and phosphoty-
rosine-phosphatases (PTP).

So we intend to identify the G protein form that could be linked to the protein band 3 and to know
each protein G sub-units (a,3,y) are related to the activation or inhibition of acetylcholinesterase
complex form and phosphorylation band 3 degree states. For this propose we made Western blotting
analysis using primary antibodies to different protein G sub-units such as anti-protein G, anti-protein
Gay,,, anti-protein Goy;, anti-protein Go/Gay, anti protein Ga, and anti-protein Go,,,. We could
identify on erythrocytes membrane soluble extracts possible linkage between protein Ga, ,, and/or
protein G, with protein band 3. The results were then confirmed by immunoprecipitation of this two
protein G sub-units with following analysis by Western blot using antibodies against protein band 3
(C-terminal) and band 3 (N-terminal).

From all the blood samples aliquots studied we could concluded that G protein sub-units Go,
and G, could be linked with band 3 C-terminal site and only Ga,, are bonded with band 3 N-termi-
nal. The connection between sub-unit G, and band 3 at C-terminal was not seemed. Moreover when
erythrocyte acetylcholinesterase was stimulated with acetylcholine and when is present with PTK
inhibitors there was an increase of the expression of the linkage between Ga,,,, — Band 3 (C- and N-
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terminal) and G, - Band 3 (C —terminal). These two conformational states of G protein sub-units seem
to be related with the phosphorylation band 3 protein states.

Heterotrimeric G proteins mediate signal transduction pathways; moreover it is known that
stimulation of G, results in inhibition of adenylyl cyclase and ATP release from these cells. So human
erythrocyte NO,, mobilization levels may occur under the influence of AChE effectors by mechanisms
related to the degree of band 3-phosphorylation and activation of adenylyl cyclase. These events
underlying NO translocation/mobilization changes may occur on microcirculation disease, a target
upon which novel coadjuvant drugs may become accessible.

INTRODUCTION

We recently hypothesize the involvement of
ACNhE effectors enzymatic complexes in a band
3-dependent signal transduction pathway related
to changes in the intracellular NO metabolism

and the production of its chief metabolites, ni-
trites and nitrates®. Our hypothesis is based on
the acetylcholinesterase role on signal transduc-
tion mechanism in response to action of ACh or
VM on NO production (and its metabolites) in
human erythrocytes suspensions that could be
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trosilation processes between phosphorylated /
dephosphorylated band 3 when PTK or PTP en-
zymatic activity are inhibited. This process could
be dependent of a G protein (a,B,y) (Carvalho
F.A. et al (2004).

(B) Receptors coupled to heterotrimeric GTP-
binding proteins (G proteins) are integral trans-
membrane proteins that transduce extracellular
signals to the cell interior. Receptor occupation

° promotes interaction between the receptor and the
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G protein on the interior surface of the membrane.
This induces an exchange of GDP for GTP on the
G protein a subunit and dissociation of the a sub-
unit from the bg heterodimer. Depending on its
f isoform, the GTP-a subunit complex mediates
. intracellular signaling either indirectly by acting
| on effector molecules such as adenylyl cyclase
wweme (AC) or phospholipase C (PLC), or directly by
regulating ion channel or kinase function.?
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related to the transnitrosilation process between
phosphorylated / dephosphorylated band 3 and
SNOHb could be associated to an unidentified
mechanism mediated by formation of AChE-
ACh (more active) or AChE-VM (less active)
complexes, when PTK or PTP enzymatic activity
is inhibited. When we proposed this signal trans-
duction mechanism we thought that this process
could also be dependent of a G protein. So the

L —1

Human blood sample '
(n=5)

Erythrocytes suspensions in [0
MaCl 0,9% pH 7,4 "
(n=5)

aim of this study was to identify the G protein
form that could be linked to the protein band 3
and to know what protein G sub-units (a,3,y) are
related to the activation or inhibition of acetyl-
cholinesterase and band 3 phosphorylation de-
gree states.

EXPERIMENTAL DESIGN

ot Plasma and buffy-coat harvested
(n=3})
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with or without ACh or VM
erythrocytes soluble
membrane extracts

Western blot

anti-protein Gai1,

Immunoprecipitation

anti-protein Gp

anti-protein G,
anti-protein Gai1/Gai2,
anti-protein Gui3,
anti-protein Gai3/Ga0,
anti-protein GaS

anti-protein Gag/11

anti-protein Gail/Gai2

with identification of protein band 3
(C-terminal and N-terminal) by WB
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RESULTS

We could observe from Western blotting anal-
ysis (vd. Fig. 2) that protein G and protein Gail/
Gai2 could be linked to the erythrocyte protein
band 3. All the others protein G isoforms tested

are identified on erythrocytes membrane extracts
but there is no evidence that could be linked to
protein band 3. The immunoprecipitation analysis
between the protein Gp or protein Gail/Gai2 and
protein band 3 confirm the previous Western blot-
ting results (vd. Fig. 3 and 4)

wwose  O0n Gp Guais Gas Gagnn CGunlGoz  GawGao
150
e Fig. 2 — Detection of
g - protein Gail, protein
m— et . > GB, protein Gail/Gai2,
50— . - protein Gai3, protein
T > B - —» w —» # Gui3/Ga0, protein GoS
- and protein Gog/11 on
25— . - erythrocyte membrane
soluble extracts (control)
41 kDa 3 kDa 41 kDa 45 kDa 41kDa by immunoblotting.
IP (Protein G)
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(C-1T) 50— - ; ac
= -- s - ‘ . . Fig. 3 - Immunoprecipitation of protein G
on erythrocyte membrane soluble extracts
previously incubated with control (lane 1),
ACh (10 M) -+ = = #+ - - + = ACh 10 uM (lane 2), VM 10 uM (lane 3),
p72syk inhibitor 10 uM (lane 4) with ACh
WM (10 uM) oL e T * (lane 5) or VM (lane 6) and p53/56lyn in-
hibitor 10 uM (lane 7) with ACh (lane 8) or
B . T
Capaptin.(10.uM) VM (lane 9). The immunoprecipitate was
pT 25" inhibitar (10 M) e oW e way oo e ok + electrophoresed and immunoblotted with
anti-band 3 antibodies for C-terminal and
p53/56 LU inhibitor (10 pM) - = = = = = + + + N-terminal.

92



IDENTIFICATION OF THE LINKAGE BETWEEN G PROTEINS AND ERYTHROCYTE PROTEIN BAND 3
Actas Biog. 2008, 9: 89-94

IP (Protein Ga,,/Gu,)

wvosp 1 2 3 4 5 ¥ 8 9
250
A 180 — "
100 -, o e - B -

Anti-Band 3 T
(N-20) = .

NWpR 4 w2 8 4 & 8

B 250

150 —

Anti-Band 3 ' e . - L R A L X

75 —

(C-17)
50 — |
LT L I BN
ACH (10 M) - + - - + -+ =
WM (10 uM) - - + - - ER - +
Calpeptin (10 uM}) - - -+ o+ - - -

pT2%* inhibitor (10 uM) - = = = =

p53/56 L inhibitor (10 pM) - = = = =

CONCLUSIONS
The results of this work allow us to

* Apossible interaction between protein Gail/
Goai2 and/or protein G and protein band 3
on erythrocytes membrane

» Band 3 C-terminal: both protein Gail/Gai2
and protein GB may be bonded for immuno-
precipitation

e Band 3 N-terminal: protein Gail/Gai2 may
be bonded for immunoprecipitation; G may
be bonded only when band 3 is phosphory-
lated and when PTK inhibitors are incu-
bated with velnacrine

e Stimulation with ACh (with or without PTK
inhibitors) — increase of the linkage Gail/
Guai2 - band 3 (C-terminal) expression

Fig. 4 — Immunoprecipitation of protein
Gail/Gai2 on erythrocyte membrane
soluble extracts previously incubated
with control (lane 1), ACh 10 uM (lane
2), VM 10 uM (lane 3), p72syk inhibitor
10 uM (lane 4) with ACh (lane 5) or VM
(lane 6) and p53/56lyn inhibitor 10 M
(lane 7) with ACh (lane 8) or VM (lane
9). The immunoprecipitate was after
F g + submitted to Western blotting with anti-

band 3 antibodies for C-terminal and
o sl + N-terminal.

» The observed two different conformational
G protein sub-units stages seems to be related
with the phosphorylation band 3 protein

From these results we proposed that a possible
G protein sub-unit conformational mechanism
that could be related with our findings could be
the one indicated here.?

The heterotrimeric G protein Gi, participates
inthe ATP release from erythrocytes*. The expres-
sion of G, is reduced in the erythrocyte mem-
branes of humans with type 2 diabetes®. It was
also verified a decreased of G proteins (Gai, Goo
and Gp) in hypertensive subjects®. All together
these results suggests that this defect in erythro-
cyte physiology could lead to a reduced stimulus
for endogenous NO synthesis in the microvascu-
lature,
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In summary, our results allows us to confirm
that G, is a necessary component of the signal
transduction pathway that seems to be linked to
the protein band 3 phosphorylation degree states,
and related to the activation or inhibition of ace-
tylcholinesterase complex and supports our pro-
posed erythrocyte NO translocation mechanism.
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