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ui� p7ugi9�Nc 7gg.7dp� � N G�� iq1� 7ni�vlgluhi� blbi� clblc1fbhqfi� Mlb� 7ni� q7buh1f� qfJ&bi� i1�

Mbfc.ci�lqq.chfi�à�uiq�ln.vlghiq�cfbféblgiq�� p7ugi9�i1�lg
�������
�Lfcivvin1��uiq�v71l1h.nq�

u7�d&ni��uei���È�Mb.1ihn�qhdnlghnd�v.u7gl1.b����.n1�f1f�ufcbh1iq�c.vvi�f1ln1�biqM.nqlégiq�ui�

ci11i�Ml1p.g.dhi�qlnq�Q7i�g�.n�in�c.nnlhqqi�giq�vfclnhqviq��Vlgqp�i1�lg
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���g�lhui�u�7n�
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�������
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�

�v.nd� 1piqi� uilrniqqiq�� 1pi�  p7ugi9� Nc 7gg.7dp� G9nub.vi� � N G�� hq� l� blbi� uhqilqi�

cplblc1ibhxiu�é9�qiJibi�lnu�ilbg9�uilrniqq�lqq.chl1iu�2h1p�éblhn�lén.bvlgh1hiq�� p7ugi9�i1�lg
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�����
�Licin1g9��v71l1h.nq�hn�1pi�ÈBGN���È�Mb.1ihn�qhdnlghnd�v.u7gl1.b����dini�2ibi�r.7nu�1.�

éi�cl7ql1hJi�.r�1phq�Ml1p.g.d9��é71�1pi�v.gic7glb�élqhq�2ibi�7ntn.2n��Vlgqp�i1�lg
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ni2�v.gic7glb�r7nc1h.n�r.b�ÈMqv��.n�1pi�v.u7gl1h.n�.r�lc1hn�c91.qtigi1.n
�Api�uhqb7M1h.n�.r�1phq�
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Éiq�vlvvhr&biq�� c.vvi� güinqivégi�uiq�.bdlnhqviq�Mg7bhcigg7glhbiq�� q.n1�uiq�.bdlnhqviq�

M.glbhqfq
��rhn�uü.bhin1ib�gü.bdlnhqvi�ulnq�güiqMlci��.n�ufrhnh1�1b.hq�l0iq�ui�M.glbh1f�i01ibni����

-� Éül0i��n1fb.�B.q1fbhi7b���

-� Éül0i� .bq.�Cin1blg���

-� Éül0i� b.h1i�Èl7cpi
�

Él�M.glbh1f�i01ibni�iq1�rlchgi�à�uf1ibvhnib�i1�rlh1�q.7Jin1�bfrfbinci�à�uiq�l0iq�ui�q9vf1bhi
�

Nlhq�ci�nüiq1�Mlq�l7qqh�qhvMgi�g.bqQ7ü.n�Mlbgi�ui�M.glbh1f�hn1ibni
�Tn�irri1��M.7b�uiq�.bdlniq��uiq�

1hqq7q�.7�v’vi�uiq�cigg7giq��giq�l0iq�ui�M.glbh1f�q.n1�Mg7q�uhrrhchgiq�à�uf1ibvhnib
� üiq1�ulnq�ciq�

c.nuh1h.nq�Q7i�gl�n.1h.n�ui�M.glbh1f�Mbinu�1.71�q.n�qinq
�Un�gl�ufrhnh1�c.vvi�7ni�léqinci�ui�

q9vf1bhi�ulnq�gi�Mgln�ui�gü.bdlnhqvi
�Éiq�uhrrfbin1iq�M.glbh1fq�nfciqqlhbiq�à�güf1léghqqivin1�ui�

gü.bdlnhqvi�q.n1�giq�q7hJln1iq����

-� Él�M.glbh1f� b.h1i�Èl7cpi�� �È����

-� Él�M.glbh1f��Mhc.��lqlgi���������

-� T1�gl�B.glbh1f� igg7glhbi�Bglnlhbi��B B�
��
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 i�güi01fbhi7b��giq�Jib1fébfq�Mbfqin1in1�7ni�q9vf1bhi�Q7lqh�Mlbrlh1i��M.7b1ln1�ci�nüiq1�Mlq�gi�

clq�l7�nhJil7�ui�gü.bdlnhql1h.n�uiq�.bdlniq�hn1ibniq
�Blb�i0ivMgi��cpix�güp.vvi��gi�c–7b�iq1�

qh17f�à�dl7cpi�i1�gi�r.hi�à�ub.h1i
�Él�vhqi�in�Mglci�ui�ci11i�M.glbh1f� �È�iq1�uf1ibvhnfi�1b&q�1(1�

l7�c.7bq�ui� güivéb9.dfn&qi�lJln1�v’vi� gl�vhqi�in�Mglci�uiq�.bdlniq
�Él�vhqi�in�Mglci�u7�

n–7u� ivéb9.nnlhbi� iq1� uf1ibvhnln1i� M.7b� ci11i� M.glbh1f
� Eg� iq1� r.bvf� Mlb� gühnJldhnl1h.n� uiq�

cigg7giq� ui� güfMhuibvi� Q7h� J.n1� c.nq1h17ib� gi�vfq.uibvi� l7�uiqq7q� ui� güinu.uibvi
� Éiq� 1b.hq�

ri7hggi1q�ui�güivéb9.n�q.n1�lg.bq�vhq�in�Mglci
�Éiq�cigg7giq�u7�vfq.uibvi�M.qq&uin1�7n�chg�v.1hgi�

in�M.qh1h.n�uhq1lgi�à�gi7b�q7brlci�lMhclgi�Q7h�M.hn1i�Jibq�gl�Mlb1hi�M.q1fbhi7bi�ui�güivéb9.n
� iq�

chgq�él11ln1�ui�rlj.n�c..bu.nnfi�ui�gl�ub.h1i�Jibq�gl�dl7cpi�c.nu7hqin1�à�gl�r.bvl1h.n�uü7n�rg70�

ghQ7huhin�.bhin1f�Jibq�gl�dl7cpi
� i�v.7Jivin1�Mibvi1�gl�biq1bhc1h.n�lq9vf1bhQ7i�ui�güi0Mbiqqh.n�

u7�d&ni�nPfcg�à�gl�q7brlci�ui�güivéb9.n
� i�vfclnhqvi�iq1�à�gü.bhdhni�uü7ni�b7M17bi�ui�gül0i�ui�

q9vf1bhi�ui�güivéb9.n�clblc1fbhqln1�lg.bq�gül0i� �È��Èb.q��������Slqphv.1.�lnu�Slvlul�������
�

 i� n.vébi7qiq� f17uiq� ufrhnhqqin1� ci11i� b7M17bi� ui� q9vf1bhi� Mlb� gülMMlbh1h.n� ui� güi0Mbiqqh.n�

lq9vf1bhQ7i�uiq�d&niq�cin1bl70�ui�gl�J.hi�ui�qhdnlghql1h.n�ui�gl�B.glbh1f� igg7glhbi�Bglnlhbi��B B��

à�gl�q7brlci�lMhclgi�ui�ciq�cigg7giq���n1hc�i1�lg
���������2�lnu�ÉiJhn�������
�Tn�irri1��güi0Mbiqqh.n�



 

8g�
�
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M.qh1h.nnivin1�c.bbic1�u7�chg�l7�M(gi�M.q1fbhi7b�à� gl�q7brlci�lMhclgi�ui� gl�cigg7gi� ��n1hc�i1�lg
��

�����
��hnqh��gl�v71l1h.n�ui�d&niq�ui�gl�B B�c.nu7h1�à�7ni�Mib17bél1h.n�ui�gl�vhqi�in�Mglci�ui�

gül0i�  �È� ui� güivéb9.n� u7i� à� 7n� vl7Jlhq� M.qh1h.nnivin1� u7� chg� �G.nd� i1� lg
�� �����
�  i11i�

Mib17bél1h.n�Mi71�lé.71hb�à�uiq�Ml1p.g.dhiq�1iggiq�Q7i�gi�Nd1CN�dGba21CN����clq�q7b��������.»�giq�

.bdlniq� q.n1� hnJibqfq� ��g7v� lnu� U11�� �����
� Nlhq� ci� vfclnhqvi� iq1� l7qqh� hnuhqMinqlégi� à�

güfcpiggi�ui�gü.bdlni
�Tn�irri1��éhin�Q7i�giq�vfclnhqviq�Mibvi11ln1�gl�vhqi�in�Mglci�ui�gl�M.glbh1f�

 �È�ni�q.hin1�Mlq�inc.bi�1.1lgivin1�fg7chufq�l7�nhJil7�uiq�.bdlniq��7ni�f17ui�bfcin1i�vi1�in�

fJhuinci�Q7i� güléqinci�ui�él11ivin1�uiq�chgq�l7�nhJil7�u7�n–7u�ivéb9.nnlhbi�c.nu7h1�à�7n�

ufrl71�v.bMp.g.dhQ7i�i1�ui�M.qh1h.nnivin1�u7�c–7b
� pix�güp.vvi�gi�c–7b�iq1�qh17f�à�dl7cpi�

i1� M.hn1i� Jibq� gl� dl7cpi
� iMinuln1�� ulnq� cib1lhnq� clq�� c.vvi� g.bq� ui� gl�v71l1h.n� u7� d&ni�

�Gcdy
� nfciqqlhbi�à� gl�v.1hgh1f�u7�chg�� gü.bhin1l1h.n�i1� gl�v.bMp.g.dhi�u7�c–7b�q.n1�Mib17béfiq�

�Hblnchq�i1�lg
�������
�� 

�	� Ot�dsmtjl:v��dlps��tytma�������

Él�M.glbh1f�����Mibvi1�ui�ufrhnhb� 7n�M(gi�lMhclg�� in�c.n1lc1�lJic� gi�vhghi7�i01blcigg7glhbi��

.MM.qf� à� 7n� M(gi� élq.gl1fblg�� fg.hdnf� u7� vhghi7� i01blcig7gglhbi
� Éiq� cigg7giq� hn1iq1hnlgiq� q.n1�

uüi0ciggin1q�i0ivMgiq�M.7b�Jhq7lghqib�ci11i�lq9vf1bhi�cigg7glhbi
� iq�cigg7giq�M.qq&uin1�7n�M(gi�

lMhclg��in�c.n1lc1�lJic�gl�g7vh&bi�hn1iq1hnlgi��r.bvf�ui�vhcb.Jhgg.qh1fq�iqqin1higgiq�à�güléq.bM1h.n�

uiq�n71bhvin1q�i1�uü7n�M(gi�élq.gl1fblg��ufM.7bJ7�uülMMinuhci��à�gü.MM.qf�ui�gl�g7vh&bi�hn1iq1hnlgi�

i1�u.nc�u7�vhghi7�i01blcigg7glhbi
��rhn�ui�vlhn1inhb�ci11i�lq9vf1bhi�i1�7ni�r.nc1h.nnlgh1f�u7�1hqq7��

giq�cigg7giq�fMh1pfghlgiq�M.qq&uin1�uiq�y.nc1h.nq�cigg7glhbiq�Q7h�q.n1�uiq�qfMlbl1i7bq�Mp9qhQ7iq�

ivM’cpln1�gl�uhrr7qh.n�ui�v.gfc7giq�u7�u.vlhni�lMhclg�Jibq�gi�u.vlhni�élq.gl1fblg�i1�bdya�ba2Nc
�

 i11i�c.pfqh.n�1hqq7glhbi�rlh1�hn1ibJinhb�ui70�cl1fd.bhiq�ui�y.nc1h.nq�hn1ibcigg7glhbiq���giq�y.nc1h.nq�

qibbfiq��Ahdp1� y7nc1h.n��AP��.7�s.n7gl�Uccg7uinq��sU���Q7h�ufghvh1in1� gi�u.vlhni�lMhclg��i1� giq�

y.nc1h.nq�lupfbin1iq���upibinq�P7nc1h.n���P��.7�s.n7gl��upibinq��s����qh17fiq�q.7q�giq�AP��i1�

Q7h�ufrhnhqqin1�gi�ufé71�u7�u.vlhni�élq.gl1fblg��Gphn�i1�lg
��������Vlnd�lnu�Nlbd.ghq�������
�Éiq�

AP�q.n1�c.vM.qfiq�ui� 1b.hq� rlvhggiq�ui�Mb.1fhniq� 1blnqvivéblnlhbiq�Q7h� r.bvin1�uiq� ghlhq.nq�

p.v.MphghQ7iq� in1bi� iggiq��� giq� .ccg7uhniq�� giq� cgl7uhniq� i1� giq� P�N� �P7nc1h.nlg� �upiqh.n�

N.gic7giq�
�Tggiq�.n1�M.7b�r.nc1h.n�MbhnchMlgi�ui�cbfib�7ni�élbbh&bi�ui�Mibvfléhgh1f�qfgic1hJi�M.7b�

c.nqibJib�7ni�uhrrfbinci�ui�c.vM.qh1h.n�in1bi� giq�u.vlhniq�lMhclg�i1�élq.gl1fblg
�Blb� gi�éhlhq�

uü7ni� hn1iblc1h.n� uhbic1i� .7� hnuhbic1i� lJic� giq� Mb.1fhniq� s.n7gl� Uccg7uinq� �sU�� à� ���� iggiq�

M.qq&uin1�7n�ghin�lJic�gi�c91.qQ7igi11i�uülc1hni
�I7ln1�l70��P��iggiq�q.n1�inbhcphiq�in�clupfbhniq�

i1�nic1hniq�r.bvln1�in1bi�iggiq�uiq�ghlhq.nq�p.v.MphghQ7iq
�Éiq�cl1fnhniq�Mibvi11in1�ui�rlhbi�gi�
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ghin�in1bi�giq�vhcb.rhglvin1q�uülc1hni�i1�giq�clupfbhniq�lg.bq�Q7i�gülrluhni���c1hn�Hhglvin1�éhnuhnd�

Mb.1ihn��Mibvi1�gl�y.nc1h.n�in1bi�giq�vhcb.rhglvin1q�uülc1hniq�i1�giq�nic1hniq��Ohiqqin�������
�Éi�

vlhn1hin� ui� ci11i� lbcph1ic17bi� iq1� iqqin1hig� à� gl� vhqi� in� Mglci� ui� gl� M.glbh1f� ���� i1� l7� é.n�

r.nc1h.nnivin1�1hqq7glhbi
��

Él�vhqi�in�Mglci�ui�ci11i�M.glbh1f�nfciqqh1i�7ni�uhq1bhé71h.n�lq9vf1bhQ7i�ui�1b.hq�c.vMgi0iq�

Mb.1fhQ7iq�qMfchrhQ7iq
�Dn�c.vMgi0i�élq.gl1fblg�� c.vM.qf�uiq�Mb.1fhniq�Gcbhéégi��Édg� �Éi1plg�

Èhln1�ÉlbJli��i1� gd�� hqcq�Élbdi��i1�ui70�c.vMgi0iq�lMhcl70�Q7h�q.n1�����

-� Éi�c.vMgi0i� b7véq���r.bvf�uiq�Mb.1fhniq� b7véq��Blgq���Bb.1ihn��qq.chl1iu�Vh1p�Éhn��

��.7�G1lbu7q1�cpix�gl�ub.q.Mphgi���i1�Bl1y��Blgq��lqq.chl1iu�1hdp1�y7nc1h.n�
��

-� T1�gi�c.vMgi0i�Blb���r.bvf�uiq�Mb.1fhniq�Blb���Blb���.7��lx..tl�cpix�gl�ub.q.Mphgi��i1�

lBR ��l19Mhclg�Bb.1ihn�Rhnlqi� �
���

 iq�c.vMgi0iq�ui�M.glbh1f��hnh1hlgivin1�ufc.7Jib1q�cpix�giq�hnJib1fébfq��q.n1�c.nqibJfq�l7�

c.7bq�ui�güfJ.g71h.n�i1�.n1�éil7c.7M�f1f�ufcbh1q�cpix�giq�vlvvhr&biq
� iMinuln1��ui�n.vébi7qiq�

u7Mghcl1h.nq�i1�1blnqg.cl1h.nq�ui�ciq�d&niq�l7�c.7bq�ui�güfJ.g71h.n�.n1�rlh1�lMMlblê1bi�ui�n.vébi70�

p.v.g.d7iq�cpix�giq�vlvvhr&biq�c.nu7hqln1�q.7Jin1�à�7ni�biu.nulnci�ui�r.nc1h.n��ci�Q7h�binu�

Mg7q�uhrrhchgi�güf17ui�ui�ciq�d&niq�cpix�giq�vlvvhr&biq
� üiq1�M.7b�ciq�blhq.nq�Q7i�giq�hnJib1fébfq�

biq1in1�uüi0ciggin1q�v.u&giq�uüf17uiq�M.7b�gl�c.vMbfpinqh.n�uiq�vfclnhqviq�lJln1�ui�M.7J.hb�

rlhbi�7n�Mlblgg&gi�cpix�giq�vlvvhr&biq
�Pülh�u.nc�cp.hqh�ui�J.7q�ufcbhbi�gl�ufc.7Jib1i�i1�gl�r.nc1h.n�

ui�ciq�c.vMgi0iq�ui�Mb.1fhniq�qMfchrhQ7iq�hn1ibJinln1�ulnq�gl�vhqi�in�Mglci�ui�gl�M.glbh1f�����

cpix�giq�hnJib1fébfq�M7hq�cpix�giq�vlvvhr&biq
�� ��

�	� Oa�psbdmaQa�Utj�

t	� �vpsèPaj:a�hè�psbdmaQa�Utj�peao�may�lrPaj:véjvy�

 üiq1� in� ����� Q7i� gi�  b� RivMp7iq� ufc.7Jbh1� giq� Mb.1fhniq� u7� c.vMgi0i� Blb� �Blb1h1h.n�

ufric1hJi��in�lnlg9qln1�gl�Mbivh&bi�uhJhqh.n�lq9vf1bhQ7i�u7��caGP2hcvfd1dN�agalcGN�����agalcGN�
�

Eg� huin1hrhl� lhnqh� qh0� Mb.1fhniq� Blb�� hnuhqMinqlégiq� à� gl� vhqi� in� Mglci� ui� gl� M.glbh1f� cpix� ci1�

.bdlnhqvi
�Blb��i1���q.n1�lcc7v7gfiq�l7�M(gi�B.q1fbhi7b�u7�x9d.1i�lg.bq�Q7i�Blb��i1���q.n1�

lcc7v7gfiq�l7�M(gi��n1fbhi7b�i1�Blb��i1���q.n1�c91.q.ghQ7iq
� iq�Mb.1fhniq�q.n1�v717iggivin1�

ufMinuln1iq��cüiq1�à�uhbi�Q7i�güléqinci�ui�gü7ni�lrric1ibl�güi0Mbiqqh.n�lq9vf1bhQ7i�uiq�l71biq
�

 i11i�Mib17bél1h.n�l7bl�M.7b�c.nqfQ7inci�7ni�Mib1i�ui�M.glbh1f�i1�7n�ufrl71�ui�ufJig.MMivin1�

cpix�ci1�.bdlnhqvi��RivMp7iq�i1�lg
�������
�� i�nüiq1�Q7i�Mg7q�1lbu�Q7i�gi� b�Alé7qi�ufc.7Jbh1�

güi0hq1inci�ui�BR ����Bb.1ihn�Rhnlqi� �ghti�����7ni�Mb.1fhni�lqq.chfi�à�gl�Mb.1fhni�Blb��g.bq�ui�
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�

gl�vhqi�in�Mglci�ui�gl�M.glbh1f�cpix�gi����agalcGN
� üiq1�lg.bq�Q7i�gi�c.vMgi0i�Blb��Blb��BR ���

r71�ufcbh1�c.vvi�f1ln1�l7�c–7b�u7�Mb.ciqq7q�ui�gl�vhqi�in�Mglci�ui�gl�M.glbh1f�ui�gü.bdlnhqvi�

�Alé7qi�i1�lg
�������
��

é	� �sbdmaQa�Utj�peao�may�btbblngjay�

 pix�giq�vlvvhr&biq�gi�c.vMgi0i�Blb��c.vM.qf�uiq�Mb.1fhniq�Blb���Blb��i1�lBR ��iq1�7n�

c.vMgi0i�Mb.1fhQ7i�bfd7gl1i7b�iqqin1hig�à�güf1léghqqivin1�ui�gl�M.glbh1f�cigg7glhbi����
��

•� Utj��

 pix�giq�vlvvhr&biq�� hg�i0hq1i��� hq.r.bviq�ui�Blb����Blb������� �i1� �Q7h�M.qq&uin1�uiq�

Mb.rhgq�uüi0Mbiqqh.n�uhrrfbin1q�in�r.nc1h.n�uiq�1hqq7q
� iq�hq.r.bviq�.n1�uiq�r.nc1h.nq�qhvhglhbiq�

i1�q.n1�c.vM.qfiq�ui�1b.hq�u.vlhniq�Mb.1fhQ7iq�c.nqibJfq�l7�c.7bq�ui�güfJ.g71h.n���7n�u.vlhni�

B����Bp.0��iv����7n�u.vlhni�qivh� LE��� uc���Llc�En1iblc1h.n��hnuhnd��i1�7n�u.vlhni�B s�

�B.q1� q9nlM1hc� uinqh19� Mb.1ihn� ��� �BG ���� “� b.q.Mphgl� uhqc� glbdi� 17v.b� q7MMbiqq.b� � gd��� “�

s.n7gl�.ccg7uinq����sU�������qqfvl1�i1�lg
���������mdlC2a�
�
�

•� Utj��

Eg�i0hq1i�ui70� hq.r.bviq�ui�Blb��cpix� giq�vlvvhr&biq���Blb���i1�Blb��
� plc7ni�ui�ciq�

hq.r.bviq�iq1�i0Mbhvfi�ui�rlj.n�Mbfrfbin1higgi�ulnq�cib1lhnq�1hqq7q
�Blb���iq1�gühq.r.bvi�gl�Mg7q�

glbdivin1�i0Mbhvfi�ulnq�giq�1hqq7q�i1�Mlb�c.nqfQ7in1�gl�Mg7q�f17uhfi
�Éiq�Mb.1fhniq�Blb��q.n1�

q1léhghqfiq�l7�nhJil7�uiq�AP�ulnq�giq�cigg7giq�fMh1pfghlgiq�ui�vlvvhr&bi
�Tggiq�q.n1�c.vM.qfiq�

u*7n�u.vlhni�O�1ibvhnlg� L��� .vMgivin1�LiciM1.b�����ui�1b.hq�u.vlhniq�B s�i1�uü7n�u.vlhni�

 L�� � .vMgivin1� LiciM1.b� ��� ��qqfvl1� i1� lg
�� �����
� Blb�� iq1� bicb71fi� i1� q1léhghqfi� l70�

y.nc1h.nq�hn1ibcigg7glhbiq�lMhclgiq��AP�i1��P��dbèci�à�q.n�hn1iblc1h.n�uhbic1i�lJic�giq�Mb.1fhniq�P�N�

i1�nic1hniq��E1.p�i1�lg
������l��Altit7nh�i1�lg
���������mdlC2a�
�
��

•� tUD��

 pix�giq�vlvvhr&biq�ui70�hq.r.bviq�ui�gl�Mb.1fhni�lBR �i0hq1in1���lBR λ�ι�i1�lBR ζ
� iq�

Mb.1fhniq�q.n1�c.vM.qfiq�uü7n�u.vlhni�B����uü7n�u.vlhni�bhcpi�in�xhnc�i1�uü7n�u.vlhni�thnlqi�

��qqfvl1�i1�lg
�������
� iq�Mb.1fhniq�q.n1�u.1fiq�uü7ni�lc1hJh1f�thnlqi��Q7h�Mibvi1�ui� bfd7gib�

güi0Mbiqqh.n�i1�gl�g.clghql1h.n�uiq�l71biq�Mb.1fhniq�u7�c.vMgi0i�Blb�Mlb�Mp.qMp.b9gl1h.n��mdlC2a�


�
�
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	� Oa�psbdmaQa��jèbéy��

t	� �vpsèPaj:a�hè�psbdmaQa��jèbéy�peao�may�lrPaj:véjvy�

Tn�������gi� b�P:bdinq�ufc.7Jbi�Q7i�gl�v71l1h.n�u7�d&ni��2CIvN�c.nu7h1�à�gl�r.bvl1h.n�ui�

1b.7q�à�gl�q7brlci�ui�gl�c71hc7gi�ui�gl�ub.q.Mphgi���2PNPShdgc�IagcGPlcN1a2���fMh1pfgh7v�ui�gl�glbJi�

ui�ub.q.Mphgi���P:bdinq�i1�lg
�������
�Tn�rlh1��cpix�gl�ub.q.Mphgi�gl�q7bi0Mbiqqh.n�ui�gl�Mb.1fhni�

 b7véq��c.ufi�Mlb�gi�d&ni�u7�v’vi�n.v��l�M.7b�c.nqfQ7inci�7ni�l7dvin1l1h.n�ui�gl�q7brlci�

u7�u.vlhni�lMhclg��lg.bq�Q7üà�gühnJibqi�q.n�léqinci�c.nu7h1�à�gl�Mib1i�u7�u.vlhni�lMhclg
� iq�

u.nnfiq�ufv.n1bin1�éhin�1.71i�gühvM.b1lnci�ui�ci11i�Mb.1fhni�ulnq�gl�bfd7gl1h.n�ui�gl�vhqi�in�

Mglci�ui�gl�M.glbh1f����
�I7igQ7iq�lnnfiq�lMb&q�ci11i�ufc.7Jib1i��gi� b�AiMlqq�ufc.7Jbi�Q7i�

güléqinci�ui�gl�Mb.1fhni�G1lbu7q1��hn1ibldhqqln1�lJic�gl�Mb.1fhni� b7véq��c.nu7h1�iggi�l7qqh�à�gl�

Mbfqinci�ui�1b.7q�ulnq�gl�c71hc7gi�ui�gl�ub.q.Mphgi��AiMlqq�lnu�Rn7q1�������
�B7hq�in�������7ni�

n.7Jiggi�Mb.1fhni�qüly.71i�à�ci�c.vMgi0i�� Ml1y��lnchinnivin1�lMMigfi� g1�� hqcq�g.q1����pl1�i1�

lg
�� �����
� Éüinqivégi� ui� ciq� Mb.1fhniq� r.bvin1� lg.bq� gi� c.vMgi0i�  b7véq�G1lbu7q1� Ml1y�

clblc1fbhqf�c.vvi�7n�c.vMgi0i�Mb.1fhQ7i�lMhclg�iqqin1hig�à� gühuin1h1f�u7�u.vlhni�lMhclg�� 1.71�

c.vvi�gi�c.vMgi0i�Blb
����

é	� �sbdmaQa��jèbéy�peao�may�btbblngjay�

•� �jèbéy�

Eg�i0hq1i�1b.hq�hq.r.bviq�ui�gl�Mb.1fhni� b7véq�cpix�giq�vlvvhr&biq�� b7véq������i1��
� iq�

Mb.1fhniq�1blnqvivéblnlhbiq�q.n1�i0Mbhvfiq�à�gl�q7brlci�lMhclgi�uiq�cigg7giq�fMh1pfghlgiq
�Éiq�

Mb.1fhniq� b7véq���i1���M.qq&uin1�7n�1b&q�dblnu�u.vlhni�i01blcigg7glhbi�lg.bq�Q7i�ci�u.vlhni�
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iq1�Mg7q�biq1bihn1�cpix�gl�Mb.1fhni� b7véq��
�Éi7bq�uhrrfbin1iq�i0Mbiqqh.nq�1hqq7glhbiq�q7dd&bin1�

7ni� uhrrfbinci� l7� nhJil7� r.nc1h.nnig
� Tn� irri1��  b7véq� �� iq1� i0Mbhvfi� Mbfrfbin1higgivin1� l7�

nhJil7�u7�cibJil7�i1�ui�gl�bf1hni�� b7véq���l7�nhJil7�u7�cibJil7��ui�gl�bf1hni�i1�u7�bihn��lg.bq�

Q7i�  b7véq� �� iq1� Mg7q� 7éhQ7h1lhbi� i1� iq1� i0Mbhvfi� ulnq� giq� v7qcgiq� i1� 1.71iq� giq� cigg7giq�

fMh1pfghlgiq���qqfvl1�i1�lg
�������
� .n1blhbivin1�à�gi7b�u.vlhni�i01blcigg7glhbi��ciq�uhrrfbin1iq�

hq.r.bviq�.n1�7n�u.vlhni�hn1blcigg7glhbi�c.nqibJf
�Tn�irri1��iggiq�M.qq&uin1�1.71iq�7n�u.vlhni�

HTLN��H�M.7b��
��Mb.1ihn��T�M.7b�Txbhn��L�M.7b�Lluh0hn�i1�N�M.7b�N.iqhn��i1�7n�B s�éhnuhnd�

u.vlhn� �B s� �
� Éühq.r.bvi� �� ui�  b7véq� M.qq&ui� 7n� u.vlhni� q7MMgfvin1lhbi� Q7h� iq1� 7n�

u.vlhni�Gbc�S.v.g.d9����GS����ci�Q7h�q7dd&bi�Q7i�ci11i�hq.r.bvi�iq1�hvMghQ7fi�ulnq�uiq�J.hiq�

ui� qhdnlghql1h.n� uhrrfbin1iq� uiq� ui70� l71biq� hq.r.bviq
� Trric1hJivin1�� qi7gi�  b7véq� �� l� f1f�

ufcbh1i�c.vvi�f1ln1�hnuhqMinqlégi�M.7b�gl�r.bvl1h.n�u7�chg�Mbhvlhbi�Mlb�i0ivMgi��mdlC2a�����Hln�

i1�lg
�������
�

•� Utmy��

Blgq���p.v.g.d7i�ui�G1lbu7q1�cpix�gl�ub.q.Mphgi�l7qqh�lMMigf�NBB���Nivéblni�lqq.chl1iu�

Blgv91.9gl1iu�Bb.1ihn�����iq1�7ni�Mb.1fhni�uüfcplrl7uldi�r.bvfi�ui�ui70�u.vlhniq�É����uü7n�

u.vlhni�B s��uü7n�u.vlhni�GS��i1�uü7n�u.vlhni�ÈDR��È7ln9gl1i�Rhnlqi�
�Blgq��Mibvi1�ui�

rlhbi�gi�ghin�in1bi�Bl1y�i1� b7véq
�B.7b�cigl��Blgq��Mi71�ghib�à�gl�r.hq� b7véq���Mlb�gi�éhlhq�ui�q.n�

u.vlhni� B s� i1� Bl1y� Mlb� qiq� u.vlhniq� É��
� Éüléqinci� ui� Blgq�� l� 7n� hvMlc1� uhbic1� q7b�

güi0Mbiqqh.n�ui�Bl1y�qlnq�Mib17béib�güi0Mbiqqh.n�ui� b7véq�����mdlC2a�����L.p�i1�lg
���������
�

•� Ut:x�

Bl1y��p.v.g.d7i�ui� Ml1y�cpix� gl�ub.q.Mphgi��iq1�7ni�Mb.1fhni�uüfcplrl7uldi�r.bvfi�uü7n�

u.vlhni� É��� i1� ui� ��� u.vlhniq� B s
� Tggi� iq1� c.nn7i� M.7b� qi� ghib� uhbic1ivin1� l70� AP� in�

hn1ibldhqqln1� lJic�sU���i1� cgl7uhn�� �L.p�i1� lg
�� ����l�
� i� ci� rlh1�� gl� q7bi0Mbiqqh.n�ui� ci11i�

Mb.1fhni�lrric1i�gl�q1léhgh1f�uiq�AP�Mlb�v.uhrhcl1h.n�uüi0Mbiqqh.n�uiq�Mb.1fhniq�Q7h�c.vM.qin1�ciq�

y.nc1h.nq
� i�Mg7q��güléqinci�uüi0Mbiqqh.n�ui�Bl1y�iq1�in�ghin�lJic�gl�Mib1i�uüi0Mbiqqh.n�ui�Blgq��

i1� b7véq���à�gl�q7brlci�lMhclgi�uiq�cigg7giq
� i�Q7h�q7dd&bi�Q7i�Bl1y�iq1�7ni�Mb.1fhni�Q7h�rlh1�gi�

ghin�in1bi�giq�Mb.1fhniq�ui�y.nc1h.n�gl1fblgiq�i1�giq�Mb.1fhniq�lMhclgiq��Nhcpig�i1�lg
��������L.p�i1�

lg
������é���mdlC2a���
�
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é	� �sbdmaQa�’pjlééma��Oim���mi�peao�may�btbblngjay�

Éi�c.vMgi0i�Mb.1fhQ7i�r.bvf�ui�Gcbhéégi��Édg�i1� gd�iq1�1b&q�c.nqibJf�cpix�giq�vlvvhr&biq
�

 iq�Mb.1fhniq�c91.q.ghQ7iq��lcc7v7gfiq�l7�M(gi�élq.gl1fblg�ui�gl�cigg7gi��q.n1�iqqin1higgiq�M.7b�

gl� vlhn1inlnci� i1� gl� ufghvh1l1h.n� u7� u.vlhni� lMhclg� i1� u7� u.vlhni� élq.gl1fblg�� dbèci� à� uiq�

vfclnhqviq�uühnphéh1h.n�i1�uüi0cg7qh.n
��

�	� Cvptrlybay�bsmvpèmtljay�dajba::tr:�mt�blya�ar�dmtpa�ha�mt�dsmtjl:v������

Él� M.glbh1f� lMhclgi� ufMinu� uü7ni� uhq1bhé71h.n� lq9vf1bhQ7i� ui� c.vMgi0iq� Mb.1fhQ7iq� Q7h�

i0ibcin1�7n�vfclnhqvi�uühnphéh1h.n�i1�uüi0cg7qh.n�in1bi�i70��ulnq�gi�é71�ui�ufrhnhb�7ni�huin1h1f�

uhrrfbin1i�in1bi�giq�ui70�M(giq
�A.71i�Mib17bél1h.n�ui�ci11i�.bdlnhql1h.n�éhin�Mlb1hc7gh&bi�c.nu7hbl�

à�7ni�Mib1i�uühuin1h1f�ui�ciq�u.vlhniq
�Él�vhqi�in�Mglci�ui�gl�M.glbh1f�����l�éil7c.7M�f1f�f17uhfi�

cpix�giq�hnJib1fébfq��ub.q.Mphgi�i1����agalcGN�
� iMinuln1��ui�n.vébi7qiq�f17uiq�ufv.n1bin1�

dG�bd12P�dbèci�à�uiq�cigg7giq�fMh1pfghlgiq�p7vlhniq��cigg7giq�Nluhn� lbé9� lnhni�Rhuni9��N  R����

Q7i�éil7c.7M�ui�ciq�vfclnhqviq�.n1�f1f�c.nqibJfq�cpix�giq�Jib1fébfq
� lnq�ci�q9q1&vi�� gl�

vhqi�in�Mglci�i1�gi�vlhn1hin�uü7ni�M.glbh1f�����qi�r.n1�qig.n�gi�qcpfvl�ufcbh1�ch�uiqq.7q��mdlC2a�

��
� ���� Enh1hlgivin1�� Blb�� r.bvi� 7n� c.vMgi0i� lJic� lBR � dbèci� à� 7ni� hn1iblc1h.n� in1bi� gi7bq�

u.vlhniq�B����G7x7th�i1�lg
��������alvlnltl�i1�lg
�������
� i11i�ghlhq.n�ui�Blb��à�lBR �c.nu7h1�

à�7ni�Mib1i�ui�gülc1hJh1f�thnlqi�ui�lBR ��Shbln.�i1�lg
�������
�Tn�léqinci�ui�Mp.qMp.b9gl1h.n��Édg�

qi�ghi�à�lBR �i1�r.bvi�gi�c.vMgi0i�Blb��lBR �Édg��alvlnltl�i1�lg
�������
�Blb��iq1�q1léhghqfi�

l7�nhJil7�uiq�AP�Mlb�gi�éhlhq�uü7ni�hn1iblc1h.n�lJic�giq�Mb.1fhniq�P�N��E1.p�i1�lg
������é�
�����Blb��

ghfi�à�lBR �Édg�Jl�lg.bq�’1bi�bicb71fi�l7�nhJil7�ui�gl�vivéblni�MglqvhQ7i�in�qi�ghln1�à� uc���

� igg� hJhqh.n� .n1b.g�����Mlb� gühn1ibvfuhlhbi�ui�q.n�u.vlhni�Givh� LE���Èlbblbu�i1�lg
��������

S711ibib� i1� lg
�� �����
� ����Èbèci� à� ci11i� ghlhq.n�� gi� c.vMgi0i�Blb��lBR �Édg� iq1� q1léhghqf� à� gl�

vivéblni�i1�Mibvi1�gülc1hJl1h.n�ui�lBR 
� i11i�lc1hJl1h.n�Jl�c.nu7hbi�à�gl�Mp.qMp.b9gl1h.n�ui�

Édg�Q7h�Jl�lg.bq�qi�uhqq.chib�u7�c.vMgi0i�Blb��lBR �i1�vhdbib�Jibq�gi�M(gi�élq.gl1fblg��alvlnltl�

i1�lg
�������
�����Tn�M.qh1h.n�élq.gl1fblgi�Édg�Jl�qi�ghib�l7�c.vMgi0i� gd�Gcbhé�ufyà�r.bvf�lrhn�ui�

ufrhnhb�gühuin1h1f�u7�u.vlhni�élq.gl1fblg��Bgln1�i1�lg
�������
�����Éi�c.vMgi0i�Blb��lBR �Jl�lg.bq�

M.7J.hb�qi�ghib�à�Blb��l7�M(gi�lMhclg�ui�gl�cigg7gi
�Blb��Jl�M.7J.hb�qi�ghib�à�Blb��dbèci�à�gi7bq�

u.vlhniq�B s��Éhn�i1�lg
�������
�Blb���Mlb�gi�éhlhq�ui�q.n�u.vlhni� ��Jl�lg.bq�qi�ghib�l7�u.vlhni�

thnlqi�ui�lBR ��i1�Mlb�c.nqfQ7in1�binubi�hnlc1hJi�gl�r.nc1h.n�thnlqi�ui�lBR ��Oldlh�Alvlh�i1�

lg
�������
����� i�n.7Jil7�c.vMgi0i�Blb��lBR �Blb��q1léhghqf�à�gl�vivéblni�Jl�lg.bq�Mibvi11bi�

ui�Mlb1hchMib�à�gühuin1h1f�u7�M(gi�lMhclg
�����I7ln1�l7�c.vMgi0i� b7véq��.n�bi1b.7Ji�gl�Mb.1fhni�

 b7véq�incpèqqfi�ulnq� gl�vivéblni� hn1ibldhqqln1� lJic�Bl1y� .7�NMux�Mlb� gi� éhlhq� ui�Blgq��
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��ulcph�i1�lg
��������Nltlb.Jl�i1�lg
��������L.p�i1�lg
������é�
� i�c.vMgi0i�iq1�uül71ln1�Mg7q�

q1léhghqf�à�gl�vivéblni�l7�M(gi�lMhclg�ui�gl�cigg7gi�dbèci�à�gühn1iblc1h.n�ui�Bl1y��hn1iblc1h.n�lJic�

sU�� i1�  gl7uhn�� �� �L.p� i1� lg
�� ����é��� i1� NMux� �hn1iblc1h.n� lJic� giq�  gl7uhn�� i1� giq� P�N� ��

�Slvlxlth�i1�lg
���������lJic�giq��Mb.1fhniq�uiq�AP�i1��P
�����Tnrhn��giq�c.vMgi0iq� b7véq�i1�Blb�

q.n1�ghfq�in1bi�i70�Mlb�7ni�hn1iblc1h.n�in1bi�Blb��i1�Blgq���mdlC2a�����Vlnd�i1�lg
�������
��

Tnqivégi��giq�c.vMgi0iq�Blb�i1� b7véq�q.n1�q1léhghqfq�i1�ufrhnhqqin1�gühuin1h1f�u7�u.vlhni�

lMhclg��lg.bq�Q7üà�gühnJibqi�gi�c.vMgi0i�Gcbhé� gd�Édg�ufrhnh1� gi�u.vlhni�élq.gl1fblg���qqfvl1�i1�

lg
�� ������Nlclbl�� ������Nlbd.ghq� lnu��.bd�� ������Vin� lnu�splnd�� �����
� Éi�vlhn1hin� i1� gl�

biq1bhc1h.n� ui� ciq� u.vlhniq� iq1� M.qqhégi� dbèci� à� 7n�vfclnhqvi� uühnphéh1h.n�v717ig� in1bi� giq�

c.vMgi0iq� lMhcl70� i1� gi� c.vMgi0i� élq.gl1fblg� �Vin� lnu� splnd�� �����
�  i� Mpfn.v&ni� iq1�

rlchgivin1�.éqibJlégi�cpix�gl�ub.q.Mphgi�.»�.n�.éqibJi�Q7i�gl�v71l1h.n�ui��2CIvN�c.nu7h1�à�7ni�

Mib1i�uühuin1h1f�u7�u.vlhni�lMhclg�i1�7ni�i01inqh.n�u7�u.vlhni�élq.gl1fblg�q7b�1.71i�gl�pl71i7b�

ui�gl�cigg7gi
���gühnJibqi�7ni�v71l1h.n�ui� lg�c.nu7h1�à�7ni�Mib1i�uühuin1h1f�u7�u.vlhni�élq.gl1fblg�

i1�7ni�i01inqh.n�u7�u.vlhni�lMhclg�i1�gl�r.bvl1h.n�uiq�AP�à�gl�élqi�ui�gl�cigg7gi��RlMgln�i1�lg
��

�����
��

�

�������i�������
�����������
�
�������������

�����������

���������������������������������
���������������
�
���
���������� ��

��� ������1���
������� �3����	������	���1� ����������������	� ���1� ���
����� ����������	� ���1� ���
�����
������2����������������	��
���
�����	��������
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�	� Usmtjl:v��ammèmtlja�Umtrtlja�par:jtma��U�U��sè�dsmtjl:v�htry�ma�dmtr��psja�U�U��

�	� �vnlrl:lsry�

U71bi� gl� M.glbh1f������ cib1lhniq� cigg7giq� fMh1pfghlgiq� ufJig.MMin1� l7qqh� 7ni� l71bi� M.glbh1f�

lMMigfi�B.glbh1f� igg7glhbi�Bglnlhbi� �B B�
�Él�B B�iq1�ufrhnhi�c.vvi�7ni�M.glbh1f�.bhin1l1h.n�

c..bu.nnfi�uiq�cigg7giq�fMh1pfghlgiq�.7�ui�q1b7c17biq�ulnq� gi�Mgln�ui� güfMh1pfgh7v
� Enh1hlgivin1�

f17uhfi� cpix� giq� hnJib1fébfq� i1� Mg7q� Mlb1hc7gh&bivin1� cpix� gl� ub.q.Mphgi�� gl� B B� iq1� q.7Jin1�

hgg7q1bfi� Mlb� gü.bhin1l1h.n� c..bu.nnfi� uhq1lgi� uiq� M.hgq� qh17fq� q7b� q.n� lhgi�� Mlb� gl� b.1l1h.n� uiq�

.vvl1huhiq� �db.7Mi� ui� Mp.1.bfciM1i7bq��� .7� inc.bi� Mlb� gü.bhin1l1h.n� .bu.nnfi� uiq� q.hiq�

vfcln.qinq.bhiggiq�qh17fiq�q7b�q.n�léu.vin��q.n�1p.bl0�i1�qiq�Ml11iq��G1b711�lnu�G1b711��������

Chnq.n� lnu� �ugib�� �����
�  pix� giq� Jib1fébfq�� ci11i� M.glbh1f� qi� vlnhriq1i� Mlb� i0ivMgi� Mlb�

gü.bhin1l1h.n�7nhr.bvi�i1�uhbic1h.nniggi�ui�q1b7c17biq�i01ibniq��1ig�Q7i�gülghdnivin1�uiq�fclhggiq�uiq�

M.hqq.nq�� uiq� Mg7viq� uiq� .hqil70� .7� uiq� M.hgq� c.7Jbln1� gl� Mil7
�  lnq� giq� fMh1pfgh7vq�� gi�

vfclnhqvi�c.nu7hqln1�à�ci11i�M.glbh1f�rlh1�hn1ibJinhb�7ni�J.hi�ui�qhdnlghql1h.n�c.n1b(gfi�Mlb�giq�

qh0�…�d&niq�cin1bl70�â�ui�gl�B B��c.bi�B B�diniq���c.nu7hqln1�à�7ni�bfd7gl1h.n�u7�c91.qQ7igi11i�

uülc1hni�i1�ui�17é7ghni
� iq�d&niq�c.uin1�M.7b�uiq�Mb.1fhniq�i0Mbhvfiq�ui�rlj.n�lq9vf1bhQ7i�à�

gl�q7brlci�lMhclgi�i1�ulnq�gi�Mgln�uiq�cigg7giq�fMh1pfghlgiq
�Éiq�hn1iblc1h.nq�ui�ciq�Mb.1fhniq�i1�giq�

c.vMgi0iq�Q7üiggiq� r.bvin1�q.n1�iqqin1higq�M.7b� gl�uf1ibvhnl1h.n�ui� gl� g.clghql1h.n�Mglnlhbi�ui�

gülMMinuhci�à�gl�q7brlci�ui�gl�cigg7gi
�


	� Ot�U�U�peao�may�lrPaj:véjvy��

 üiq1� in� ����� Q7i� gi� b�Vhddgiq2.1p� ufcbhJh1� M.7b� gl� Mbivh&bi� r.hq� gl� n.1h.n� ui�B B
� Eg�

ufc.7Jbh1�Q7i�giq�q.hiq�ui�gl�M7nlhqi�thPfdCN�qülghdnlhin1�Mlbrlh1ivin1�gi�g.nd�ui�gül0i�ln1fb.�

M.q1fbhi7b� �Vhddgiq2.b1p�� �����
� B7hq�� in� ������ ci� c.nciM1� r71� biMbhq� Mlb� gi� b� Él2binci� Q7h�

.éqibJl�7ni�.bdlnhql1h.n�7nhr.bvi�uiq�M.hgq�à�gl�q7brlci�u7�”vhgt2iiu�é7dF�qhvhglhbi�à�ciggi�ui�gl�

M7nlhqi�thPfdCN� �Él2binci�� �����
�  lnq� giq� lnnfiq� Q7h� .n1� q7hJh�� gl� ub.q.Mphgi� r71� gü7n� uiq�

v.u&giq�uüf17ui�vlyi7b�M.7b�gl�c.vMbfpinqh.n�uiq�vfclnhqviq�ui�gl�B B
� pix�ci11i�iqM&ci��

gl� ufrhnh1h.n� hnh1hlgi� ui� gl� B B� rlh1� bfrfbinci� à� 7ni� .bhin1l1h.n� qMfchrhQ7i� i1� c..bu.nnfi� ui�

q1b7c17biq�MibMinuhc7glhbiq�à�gül0i�ui�güfMh1pfgh7v
� i11i�.bdlnhql1h.n�iq1�Mlb1hc7gh&bivin1�Jhqhégi�

l7�nhJil7�ui�gü.bhin1l1h.n�uiq�M.hgq�à�gl�q7brlci�ui�gülhgi�ui�ub.q.Mphgi
�Tn�irri1��1.71iq�giq�cigg7giq�

fMh1pfghlgiq� ui� gülhgi� ui� ub.q.Mphgi� q.n1� huin1hQ7iq�� ui� r.bvi�pi0ld.nlgi�� i1� M.qq&uin1� à� gi7b�

q7brlci� lMhclgi� 7ni� i01inqh.n� c91.MglqvhQ7i�� qhvhglhbi� à� 7n� M.hg�� lMMigf� 1bhcp.vi� �mdlC2a� 
��
�

Éüinqivégi�ui�ciq�1bhcp.viq��c.vM.qfq�uülc1hni�i1�ui�17é7ghni��q.n1�.bhin1fq�ui�rlj.n�7nhr.bvi�

l7�M(gi�uhq1lg�ui�gl�cigg7gi�i1�M.hn1in1�Jibq�gl�Mlb1hi�uhq1lgi�ui�gülhgi��Tl1.n������l��G1b711�������
�
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 i11i�.bdlnhql1h.n�1b&q�Mlb1hc7gh&bi�iq1�M.qqhégi�dbèci�l7�biv.uigldi�u7�c91.qQ7igi11i�uülc1hni�i1�

ui�17é7ghni�in�M.qh1h.n�uhq1lgi�ui�gl�cigg7gi�à�Mlb1hb�u7Q7ig�gi�1bhcp.vi�qi�ufJig.MMi��mdlC2a�
��
�

 i�vfclnhqvi�rlh1�hn1ibJinhb�gl�J.hi�ui�qhdnlghql1h.n�uiq�Mb.1fhniq�cin1blgiq�ui�gl�B B�i0Mbhvfiq�

ui� rlj.n�lq9vf1bhQ7i�à� gl�q7brlci�lMhclgi�uiq�cigg7giq�lrhn�ui�uf1ibvhnib�.»� gi� 1bhcp.vi�qibl�

M.qh1h.nnf��mdlC2a�
��
��

t	� Ujs:vlray�par:jtmay�ha�mt�U�U�peao�may�lrPaj:véjvy�

Él�J.hi�ui�qhdnlghql1h.n�ui�gl�B B�iq1�c.nqibJfi�l7�c.7bq�ui�güfJ.g71h.n�i1�iq1�c.n1b(gfi�Mlb�

qh0� d&niq� cin1bl70� �…� c.bi� B B� dini� â�
�  i11i� J.hi� ui� qhdnlghql1h.n� iq1� c.vM.qfi� ui� 1b.hq�

Mb.1fhniq� 1blnqvivéblnlhbiq��� Cln� È.dp�G1bléhqv7q� �Clnd�G1év��� Hbhxxgiu� �Hx��� i1� G1lbb9�

Ohdp1�Hglvhnd.��Hvh���i1�ui�1b.hq�Mb.1fhniq�c91.q.ghQ7iq����Bbhctgi��Bt��� hid.�� d.��i1� hqpiJiggiu�

� Jg� qp��� pli�i1�lg
��������Hihd7hn�i1�lg
��������Rghndinqvh1p�i1�lg
��������G1b711��������Al9g.b�i1�

lg
��������Abii�i1�lg
��������Dq7h�i1�lg
��������Chnq.n�lnu��ugib��������V.grr�lnu�L7éhn��������

�mdlC2a�
��
�Él�ufc.7Jib1i�ui�ciq�d&niq�l�f1f�M.qqhégi�dbèci�à�gülnlg9qi�ui�v71ln1q�qM.n1lnfq�

cpix� gl� ub.q.Mphgi
� Éüinqivégi� ui� ciq� v71ln1q� .n1� M.7b� clblc1fbhq1hQ7i� c.vv7ni� 7ni�

ufq.bdlnhql1h.n�ui�gü.bhin1l1h.n�uiq�1bhcp.viq�à�gl�q7brlci�ui�gülhgi��mdlC2a�
��
� plQ7i�fQ7hMi�ui�

bicpibcpi�l9ln1�vhq�in�fJhuinci�gühvM.b1lnci�ui�ciq�d&niq�gi7b�.n1�u.nnf�uiq�n.vq�fJ.Q7ln1�

ci11i� ufq.bdlnhql1h.n
��hnqh�� gi� n.v�u7�d&ni��dNhabaggaf� qi� 1blu7h1� Mlb� ”fé.7bhrrfF� i1� cig7h� ui�

m2d33gaf�Mlb�”rbhqfF
�Nlhq�cüiq1�l7qqh�gi�clq�M.7b�gi�d&ni�ocG��Plh��clb�cib1lhnq�qchin1hrhQ7iq�.n1�

J7�gi�c.7M�ui�Mhncil7�ui�Chncin1�Cln�È.dp�ulnq�gü.bdlnhql1h.n�in�1.7béhgg.n�uiq�1bhcp.viq�.7�

inc.bi�gi�d&ni��gcIdGlP�e1c22)�ndlh1�M.7b�gi�n.v�uü7ni�1.hgi�ui�Chncin1�Cln�È.dp
���

•� ’:tjj/�Tlie:
�mtblris���bl��

Éi�d&ni��Id�c.ui�M.7b�7n�bfciM1i7b�à�qiM1�u.vlhniq�1blnqvivéblnlhbiq�c.vM.qf�uü7ni�

Mlb1hi�  �1ibvhnlgi� i01blcigg7glhbi� 1b&q� g.nd7i� i1� uü7ni� Mlb1hi� O�1ibvhnlgi� hn1blcigg7glhbi� Mg7q�

biq1bihn1i
�Éi�u.vlhni�i01blcigg7glhbi�c.vM.b1i�ni7r�u.vlhniq�ui�ghlhq.nq�l70�clupfbhniq��ui70�

v.1hrq�ui�ghlhq.nq�l70�Élvhnhniq�È��1b.hq�u.vlhniq�bhcpiq�in�c9q1fhniq�i1�Q7l1bi�v.1hrq�ui�19Miq�

TÈH
� .n1blhbivin1�l70�bfciM1i7bq�cglqqhQ7iq�ui�gl�q7Mibrlvhggi�uiq�clupfbhniq��Hvh�iq1�cglqqfi�

Mlbvh� giq� bfciM1i7bq� n.n� cglqqhQ7iq� ui� ci11i� rlvhggi� clb� iggi� ni� c.vM.b1i� Mlq� ui� u.vlhniq�
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�������
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Él�v71l1h.n�uiq�d&niq�cin1bl70�ui�gl�B B�indinubi�7ni�vl7Jlhqi�g.clghql1h.n�u7�1bhcp.vi�

�M.qh1h.n�cin1blgi�i1�n.n�uhq1lgi��i1�7ni�vl7Jlhqi�.bhin1l1h.n�ui�cig7h�ch
� iMinuln1��ci11i�J.hi�ui�

qhdnlghql1h.n�ni�Mib17béi�Mlq�ql� r.bvl1h.n
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1blnqvivéblnlhbiq�ui�gl�B B��Hx��Clnd��Hvh��Mlb1hchMin1�à�ci11i�r.nc1h.n
� ü7n�M.hn1�ui�

J7i� 1ivM.big�� gl� r.nc1h.n� n.n� l71.n.vi� qi� vi1� in� Mglci� in� lv.n1� ui� gl� r.nc1h.n�

l71.n.vi
�
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éhin� ufrhnhq� l7� c.7bq� u7� ufJig.MMivin1� i1� 1.71i� Mib17bél1h.n� ui� ci11i� J.hi� c.nu7hbl� à� uiq�

ln.vlghiq� ufJig.MMivin1lgiq
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�Nlhq�ui�n.vébi70� 1hqq7q�q.n1� hvMlc1fq�Mlb�uiq�v71l1h.nq�ulnq� giq�

d&niq� ui� gl� B B�� clb� giq� Mb.1fhniq� M.7b� giqQ7iggiq� hgq� c.uin1� Mlb1hchMin1� à� ui� n.vébi70�

vfclnhqviq
��hnqh�� giq� 1hqq7q�c.vvi� gi�c–7b�� giq� bihnq�� giq�M.7v.nq�ni�qi�ufJig.MMin1�Mlq�

n.bvlgivin1��Sinuibq.n�i1�lg
�������
� iq�Mib17bél1h.nq�u7�ufJig.MMivin1�ui�ciq�1hqq7q�q.n1�

u7iq�à�gühvMghcl1h.n�uiq�Mb.1fhniq�ui�gl�B B�ulnq�uiq�vfclnhqviq�l7qqh�uhJibq�Q7i�gl�vhdbl1h.n�

ni7b.nlgi��I7�i1�lg
��������ChJlnc.q�i1�lg
���������i1�Mg7q�dfnfblgivin1�gi�v.7Jivin1�uhbhdf�uiq�
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cigg7giq��gü.bdlnhql1h.n�u7�él11ivin1�uhbic1h.nnig�uiq�cigg7giq�chghfiq��J.hb�M.glbh1f� �È��.7�inc.bi�

gl�vhqi�in�Mglci�uiq�q1fbf.chgq�l7�qihn�uiq�cigg7giq�l7uh1hJiq�i1�gü.bhin1l1h.n�uiq�M.hgq�in�dfnfblg�
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 iq�f17uiq�ui�Mib1i�ui�r.nc1h.n�i1�dlhn�ui�r.nc1h.n�uiq�d&niq�ui�gl�B B�i1�ui�gi7bq�hq.r.bviq�

cpix�gi�0fn.Mi�i1�gi�M.hqq.n�x&ébi��xiéblrhqp��.n1�Mibvhq�ui�vi11bi�in�fJhuinci�gühvMghcl1h.n�uiq�
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u7� v’vi� n.vébi� ui� cigg7giq
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biu.nuln1iq��qivégin1�fdlgivin1�Mlb1hchMib�à�ui�n.7Jil70�c.vMgi0iq�Mb.1fhQ7iq�i1�ui�n.7Jil70�

vfclnhqviq�cigg7glhbiq
�



 

0a�
�

 .vvi�vin1h.nnf�Mbfcfuivvin1��7ni�v71l1h.n�qhvMgi�.7�v7g1hMgi�uiq�uhrrfbin1q�hq.r.bviq�

uiq�d&niq�cin1bl70�ui�gl�B B�c.nu7h1�à�uiq�ufrl71q�ui�ribvi17bi�u7�17éi�ni7blg
� pix�güp.vvi��

ci11i�ln.vlghi�iq1�lMMigfi�eSdGc�vdmdfc�g.bqQ7i�gl�Mlb1hi�cl7ulgi�qi7givin1�u7�17éi�ni7blg�nüiq1�
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ghvh1fq�à�gl�uibnh&bi�blndfi��gl�Mg7q�uhq1lgi��uiq�  
��7�nhJil7�ui�gü.bihggi�hn1ibni��uül71biq�d&niq�

lqq.chfq�à�gl�B B�q.n1�ufcbhq����B1t���L.b��� 1pbc��Gic��é��Gv7br����� p7xp.h��Vn1�l��Hl1�����

 cpq����i1�Hy0���É7�i1�lg
��������Nl.�i1�lg
��������N.n1c.7Q7h.g�i1�lg
��������Olbhvl1q7�i1�lg
��

������ Bl7u9lg� i1� lg
�� ������ Ihln� i1� lg
�� ������ Glé7bh� i1� lg
�� ������Vlnqgiiéin� i1� lg
�� ������

alvlv.1.�i1�lg
�������
�

�	� Ira�tè:ja�Psla�ha�ylirtmlyt:lsr�ha�mt�U�U����lPlylsr�ty/bv:jluèa�a:�nsrp:lsr�dsy:�
bl:s:luèa�

 üiq1�in������M.7b�gl�Mbivh&bi�r.hq�Q7i�gi� b�Sib12hd�ufc.7Jbi�gl�uhJhqh.n�lq9vf1bhQ7i
�B.7b�

cigl�� hg� lnlg9qi� uiq� –7rq� uü.7bqhn� Q7h� .n1� gl� Mlb1hc7glbh1f� uü’1bi� Mi1h1q�� 1blnqMlbin1q� i1� qlnq�

vivéblni�n7cgflhbi
�Èbèci�à�ci�q9q1&vi��hg�ufc.7Jbi�7ni�v.uhrhcl1h.n�ui�gü.bhin1l1h.n�u7�r7qil7�

ui�uhJhqh.n�in�bfM.nqi�à�uiq�r.bciq�vfclnhQ7iq
� i�nüiq1�Q7ü7n�qh&cgi�Mg7q�1lbu��in�������Q7i�giq�

Mbivhibq� rlc1i7bq� bfd7gln1� gü.bhin1l1h.n� u7� r7qil7�vh1.1hQ7i� q.n1� ufc.7Jib1q
� Dn� ufrl71� ui� ci�

Mb.ciqq7q�iq1�uhbic1ivin1�in�ghin�lJic�uiq�Ml1p.g.dhiq�1iggiq�Q7i�gl�ghqqincfMplghi��güléqinci�ui�

biMghivin1�i01ibni�u7�cibJil7���gl�vhcb.cfMplghi��cibJil7�Mg7q�Mi1h1�Q7i�gl�n.bvlg���uiq�vlgluhiq�

bfnlgiq�c.vvi�gl�M.g9t9q1.qi�.7�inc.bi�uiq�clncibq
�

A.7q� giq� ’1biq� Mg7bhcigg7glhbiq� .n1� ui70� cplggindiq� l7� c.7bq� ui� gi7b� ufJig.MMivin1� �� ����

dfnfbib�7ni�uhJibqh1f�cigg7glhbi�i1�����r.bvib�7n�1hqq7�in�1b.hq�uhvinqh.nq�� gi�1.71�à�Mlb1hb�uü7ni�

qi7gi�cigg7gi
�É.bq�ui�gl�vhqi�in�Mglci�ui�gü.bdlnhqvi��7ni�uhJhqh.n�iq1�uh1i�q9vf1bhQ7i�g.bqQ7üiggi�

indinubi� uiq� cigg7giq� rhggiq� l7� uiJinhb� huin1hQ7i
� �g.bq� Q7üà� gühnJibqi�� 7ni� uhJhqh.n� iq1� uh1i�

lq9vf1bhQ7i� g.bqQ7i� Q7üiggi� u.nni� nlhqqlnci� à� ui70� cigg7giq� lJic� 7n� uiJinhb� uhrrfbin1
� Éiq�

uhJhqh.nq� lq9vf1bhQ7iq� Mibvi11in1� u.nc� 7ni� uhJibqhrhcl1h.n� cigg7glhbi� 1.71� in� vlhn1inln1� uiq�

cigg7giq� q.7cpiq
� G7h1i� à� ciq� uhJhqh.nq�� 7ni� v.bMp.dfn&qi� u7� 1hqq7� iq1� vhqi� in� Mglci� Mlb�

gülbblndivin1� ui� ciq� uhrrfbin1iq� cigg7giq� in1bi� iggiq
� Él� Mib17bél1h.n� ui� ciq� vfclnhqviq� ni�

Mibvi11bl�Mlq�uülé.71hb�à�7n�.bdlnhqvi�Jhlégi
�Él�uhJhqh.n�lq9vf1bhQ7i��in�Mg7q�uü’1bi�iqqin1higgi�

à� gl� vhqi� in� Mglci� ui� gü.bdlnhqvi� l7� c.7bq� ui� güivéb9.din&qi�� Mibvi1� gi� c.n1b(gi� ui� gl�
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Mb.ghrfbl1h.n��u7�uiJinhb��i1�ui�gü.bdlnhql1h.n�cigg7glhbi�l7�qihn�uü7n�1hqq7�à�1.71i�Mfbh.ui�ui�gl�Jhi
�

 i�ci�rlh1��ci�Mb.ciqq7q�Mibvi1�l7qqh�à�gü.bdlnhqvi�lu7g1i�ui�vlhn1inhb�7ni�cib1lhni�p.vf.q1lqhi�

in�vlhn1inln1�uiq�cigg7giq�q.7cpiq�M.7b�7ni�bfMlbl1h.n�u7�q9q1&vi�in�clq�ui�u.vvldi
��

Él� vhqi� in� Mglci� ui� ci11i� uhJhqh.n� lq9vf1bhQ7i� nfciqqh1i� güi0Mbiqqh.n� lq9vf1bhQ7i� ui�

c.vMgi0iq�Mb.1fhQ7iq�l7�c.b1i0�ui�gl�cigg7gi
�� i11i�.bdlnhql1h.n�Jl�d7huib�gi�M.qh1h.nnivin1�i1�

gü.bhin1l1h.n� u7� r7qil7� vh1.1hQ7i� lrhn� uülé.71hb� à� 7ni� uhJhqh.n� lq9vf1bhQ7i
�  i11i� uhJhqh.n� Jl�

Mibvi11bi�7ni�qfdbfdl1h.n�uhrrfbin1higgi�uiq�uf1ibvhnln1q�cigg7glhbiq�in1bi� gl�cigg7gi�v&bi�i1� gl�

cigg7gi� rhggi� dfnfbfi�� à� gü.bhdhni� uü7n� uiJinhb� uhrrfbin1� ui� ciggiq�ch
�  lnq� ci� vfclnhqvi�� giq�

Mb.1fhniq�cin1blgiq�ui�gl�B B�.n1�f1f�ufcbh1iq�c.vvi�y.7ln1�7n�b(gi�uf1ibvhnln1��È.viq�i1�lg
��

������� vlhq� 7ni� l71bi� J.hi� ui� qhdnlghql1h.n� hn1ibJhin1� l7qqh�� Q7h� rlh1� hn1ibJinhb� gi� c.vMgi0i�

Mb.1fhQ7i�ÈMqv��È�h� � .g.vé.�i1�lg
��������Bi9bi�i1�lg
�������
�Tn� r.nc1h.n�uiq�iqM&ciq�� giq�
Mb.1fhniq�ui�ci11i�J.hi�ui�qhdnlghql1h.n�c.nqibJfi�l7�c.7bq�ui�güfJ.g71h.n�ni�M.b1in1�Mlq�1.7y.7bq�

gi�v’vi�n.v��1cvgacC�
�
��

�
�

Ntématè�����Lvyèbv�hay�hlnnvjar:y�rsby�hay�djs:vlray�hay�psbdmaQay�Utj�a:��dyb

��l�ar�nsrp:lsr�
hay�aydgpay	�

t	� Ot�btpelrajla�hajjlgja�mt�hlPlylsr�ty/bv:jluèa�peao�may�lrPaj:véjvy��

Éiq�Mb.1fhniq�bfd7gln1�gl�uhJhqh.n�lq9vf1bhQ7i�cpix�giq�hnJib1fébfq�.n1�f1f�1b&q�f17uhfiq�g.bq�

ui� gl� Mbivh&bi� uhJhqh.n� u7���� agalcGN� .7� g.bq� ui� gl� uhJhqh.n� uiq� ni7b.églq1iq� i1� uiq� .bdlniq�

qinq.bhigq��GUB��cpix�gl�ub.q.Mphgi
� iq�rlc1i7bq�Mibvi11in1�����uüf1léghb�7ni�M.glbh1f�ui�gl�cigg7gi�

lrhn�uü.bhin1ib� giq�uf1ibvhnln1q�cigg7glhbiq�i1� ����uülghdnib� gi� r7qil7�vh1.1hQ7i�ui�uhJhqh.n
�B.7b�

cigl��ciq�Mb.1fhniq�q.n1�inbhcphiq�ui�rlj.n�lq9vf1bhQ7i�l7�c.b1i0�ui�gl�cigg7gi�i1�Mibvi11in1�gi�

bicb71ivin1�ui�Mlb1inlhbiq�lrhn�ui�rlhbi�7n�ghin�in1bi�gi�c.b1i0�ui�gl�cigg7gi�i1�gi�c91.qQ7igi11i�ui�

C. Elegans Dr s phile Vertébrés

Complexe Gpsm2/G�i

GPR-1 et 2 Pi s mPins, Gpsm2  u 
LGN

GOA-1 et GPA-15 G�i G�i1, 2 et 3

LIN-5 Mud NuMA

- dI sc mInsc/Insc

Complexe Par

Par-3 Bazooka Par-3

Par-6 DmPar6 Par-6

PKC-3 DaPKC aPKC, PKC!
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17é7ghni
�  iq� Mb.1fhniq� lncbfiq� à� gl�vivéblni� J.n1� lg.bq� i0ibcib� 7ni� r.bci� ui� 1inqh.n� lrhn�

uü.bhin1ib�gi�r7qil7�vh1.1hQ7i�ui�uhJhqh.n
� i11i�vlcphnibhi�iq1�c.nqibJfi�l7�c.7bq�ui�güfJ.g71h.n�

i1�rlh1�lMMig�à�uhrrfbin1q�c.vMgi0iq�Mb.1fhniq�u.n1�gi�c.vMgi0i�ÈMqv��È�h
��

•� Ot�djablgja�hlPlylsr�hè����a au�oc�

É.bq�ui�gl�Mbivh&bi�uhJhqh.n�u7����agalcGN��gi�c.vMgi0i�Blb��Blb��BR ���lcc7v7gf�l7�M(gi�

ln1fbhi7b�i1�gi�c.vMgi0i�ÈBL�����È�Mb.1ihnq�bid7gl1.b�������ÉEO�����én.bvlg�cigg�ghnflgi�����ÈU��

��ÈB����� i1� Blb��Blb�� lcc7v7gfq� l7� M(gi� M.q1fbhi7b� qü.MM.qin1� l7� c.b1i0� ui� gl� cigg7gi� i1�

Mibvi11in1� ui� M.glbhqib� gl� cigg7gi� qig.n� gül0i� ln1fb.�M.q1fbhi7b� �mdlC2a� 
	�
� É.bq� ui� gl� uhJhqh.n�

lq9vf1bhQ7i��gl�bfMlb1h1h.n�lq9vf1bhQ7i�uiq�uf1ibvhnln1q�cigg7glhbi�Jl�c.nu7hbi�à�7ni�r.bvi�i1�7n�

uiJinhb�uhrrfbin1�ui�ciq�cigg7giq� rhggiq�dfnfbfiq� �mdlC2a�
	��� ��ibdq1blgp�i1�lg
��������Blbt�lnu�

L.qi�������
�

•� �lPlylsr�hay�raèjsémty:ay�peao�mt�hjsysdelma�

É.bq� ui� gl� uhJhqh.n� uiq� ni7b.églq1iq� cpix� gl� ub.q.Mphgi�� gl� uhJhqh.n� lq9vf1bhQ7i� iq1�

hnuhqMinqlégi�M.7b�vlhn1inhb�à� gl� r.hq� giq�cigg7giq�q.7cpiq�ui�ci� 1hqq7�vlhq�l7qqh�u.nnib�7ni�

cigg7gi� rhggi� Q7h� u.nnibl� nlhqqlnci� à� 7ni� cigg7gi� u7� q9q1&vi� nibJi70� �� gi� dlndgh.n
�  lnq� ci�

vfclnhqvi��gü.bdlnhql1h.n�ui�gl�vlcphnibhi�ui�gl�uhJhqh.n�lq9vf1bhQ7i�iq1�gfd&bivin1�uhrrfbin1i�

ui�ciggi� g.bq�ui� gl�Mbivh&bi�uhJhqh.n�u7����agalcGN
�Tn�irri1��ulnq�ci�q9q1&vi�1b.hq�c.vMgi0iq�

q.n1�nfciqqlhbiq�������gi�c.vMgi0i�lMhclg�Blb�r.bvf�ui��lx..tl� vBlb�� lBR ������gi�c.vMgi0i�

lMhclg�Bhnq��Blb1nib�.r�EOGc71ilégi�����È�h / N7u��NDqpb..v�é.u9� iric1hJi����uEnqc��ub.q.Mphgi�
EOGc71ilégi�� M.7b� .bhin1ib� gi� r7qil7� vh1.1hQ7i�� i1� ���� gi� c.vMgi0i� élqlg� c.vM.qf� ui� Nhbl�

�NEL�nul���Bb.q��BLUGMib.����bl1���L�hn�A7v.b��i1�O7vé��mdlC2a�
	����É7�lnu�P.pnq1.n�������
�

 lnq�ci�v.u&gi��gi�Mbivhib�c.vMgi0i�à�qüf1léghb�iq1�gi�c.vMgi0i��lx..tl� vBlb�� lBR �lncbf�

à�gl�vivéblni�Mlb�gi�éhlhq�ui��lx..tl�lcc7v7gfi�l7�M(gi�lMhclg�ui�gl�cigg7gi��R7cphnti�i1�lg
��

�����
�Blb�gühn1ibvfuhlhbi�ui��lx..tl��ci�c.vMgi0i�Jl�inq7h1i�bicb71ib�uEnqc�Q7h��à�q.n�1.7b��Jl�

bicb71ib�Bhnq�È�h��Rbl71�i1�lg
��������Gcplirib�i1�lg
��������Gcp.éib�i1�lg
��������V.ulbx�i1�lg
��
�����
�Él�r.bvi�È B�ui�È�h�lncbfi�à�gl�vivéblni�dbèci�à�uiq�v9bhq1.9gl1h.nq�Jl�lg.bq�q1léhghqib�
ci�c.vMgi0i�à�gl�vivéblni
��hnqh�q1léhghqf��Bhnq�Jl�rlhbi�gi�M.n1�in1bi�gi�c.b1i0�ui�gl�cigg7gi�i1�

giq� lq1ibq� ui�vhcb.17é7giq�in� qi� ghln1� à�N7u� ��.2vln�i1� lg
�� ������Ghggib� i1� lg
�� �����
� i11i�

uibnh&bi� Jl� lg.bq� qi� ghib� uhbic1ivin1� l70� vhcb.17é7giq� in� hn1ibldhqqln1� lJic� gl�  9nihni�

�mdlC2a
	��
� i�c.vMgi0i�Jl�Mibvi11bi�uüi0ibcib�7ni�r.bci�ui�1blc1h.n�lrhn�uü.bhin1ib�gi�r7qil7�ui�

uhJhqh.n�vh1.1hQ7i�M.7b�Q7ühg�q.h1�MibMinuhc7glbi�à�gül0i�lMhc.�élqlg
�É.bq�ui�gl�uhJhqh.n��giq�cigg7giq�
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l7b.n1�uiq�r.bviq�i1�uiq�c.vM.qh1h.nq�uhrrfbin1iq�Q7h�J.n1�Mibvi11bi�ui�ufrhnhb�gi7b�uiJinhb
�Tn�

irri1�� gl� cigg7gi� gl� Mg7q� lMhclgi�� c.vM.qfi� uiq� c.vMgi0iq� �lx..tl� vBlb�� lBR � i1�

uEnqc�Bhnq�È�h�N7u�� u.nnibl� nlhqqlnci� à� 7n� ni7b.églq1i� Mibvi11ln1� gi� bin.7Jiggivin1� uiq�
cigg7giq�q.7cpiq�u7�1hqq7��lg.bq�Q7i�gi�M(gi�élqlg�M.qqfuln1� gi�c.vMgi0i�Nhbl�Bb.q��bl1�O7vé�

u.nnibl�nlhqqlnci�l7�dlndgh.n�v&bi
��

é	� Ot�btpelrajla�hajjlgja�mt�hlPlylsr�ty/bv:jluèa�peao�may�Paj:véjvy�a:�may�
btbblngjay�

Él�vlcphnibhi�vhqi�in�Mglci�cpix�giq�hnJib1fébfq�iq1�c.nqibJfi�cpix�giq�Jib1fébfq�i1�iq1�1b&q�

f17uhfi� l7� nhJil7� ui� gl� uhJhqh.n� lq9vf1bhQ7i� uiq� cigg7giq� ui� güfMhuibvi� i1� uiq� Mb.dfnh1i7bq�

ni7b.nl70�cpix�gl�q.7bhq
��

•� �ammèmay�vdl:evmltmay�ha�mt�datè�

Tn1bi� T����� i1� T����� cpix� gl� q.7bhq�� güfMhuibvi�� lg.bq� r.bvf� uü7ni� qi7gi� c.7cpi� ui�

Mb.dfnh1i7bq��Jl�qi�ufJig.MMib�M.7b� r.bvib�7n�fMh1pfgh7v�q1bl1hrhf�ui�cigg7giq�uhrrfbinchfiq
�Él�

uhJhqh.n�lq9vf1bhQ7i�qülJ&bi�’1bi�iqqin1higgi�M.7b�gl�v.bMp.din&qi�ui�ci�1hqq7
� i�rlj.n�qhvhglhbi�

l7�vfclnhqvi�ufcbh1�cpix� giq� hnJib1fébfq�� gi�c.vMgi0i�Blb��Blb��lBR �Jl�bicb71ib�vEnqc�Mlb�

gühn1ibvfuhlhbi� ui� Blb�� �mdlC2a� 
	��
�  i� c.vMgi0i� Jl� lg.bq� M.7J.hb� bicb71ib� gi� c.vMgi0i�

ÈMqv��È�h� Q7h� Jl� à� q.n� 1.7b� qi� ghib� à� O7N�� �O7cgilb� Nh1.1hc� �Mlbbl17q� Mb.1ihn�
� O7N���
p.v.g.d7i�ui�N7u�cpix�giq�Jib1fébfq��qi�ghi�l70�lq1ibq�ui�vhcb.17é7giq�Mlb�gühn1ibvfuhlhbi�ui�gl�

 9nfhni�lrhn�uü.bhin1ib�gi�r7qil7�ui�uhJhqh.n�vh1.1hQ7i��Éicpgib�lnu�H7cpq���������mdlC2a�
	��
�

•� �lPlylsr�raèjsrtma�

 .n1blhbivin1�l70�cigg7giq�fMh1pfghlgiq�ui�gl�Mil7��gi�vfclnhqvi�ui�uhJhqh.n�lq9vf1bhQ7i�l7�

nhJil7� uiq� Mb.dfnh1i7bq� ni7b.nl70� iq1� Mg7q� c.vMgi0i
�  iq� Mb.dfnh1i7bq� q.n1� uiq� cigg7giq�

éhM.glhbiq�Q7h�c.vM.b1in1�7n�Mhiu�rhn�l11lcpf�à�gl�q7brlci�lMhclgi�ui�gl�x.ni�Jin1bhc7glhbi�i1�7n�

g.nd�Mb.g.ndivin1�c91.MglqvhQ7i�Q7h�Jhin1�rlhbi�c.n1lc1�lJic�gi�M(gi�élqlg�u7�c.b1i0��mdlC2a�
	��
�

�7�c.7bq�ui�gl�ni7b.dfn&qi�ivéb9.nnlhbi��ciq�cigg7giq�J.n1�u.nnib�nlhqqlnci�l70�uhrrfbin1iq�

M.M7gl1h.nq�ni7b.nlgiq�u7�c.b1i0�cfbféblg
���T������Minuln1�gl�Mplqi�hnh1hlgi�ui�Mb.ghrfbl1h.n��ciq�

cigg7giq� J.n1� qi� v7g1hMghib� i1� dfnfbib� uül71biq� cigg7giq� Mb.dfnh1bhciq� in� qi� uhJhqln1� ui� rlj.n�

q9vf1bhQ7i��uhJhqh.n�Mglnlhbi�
�B7hq��in1bi�T�����i1�T������Minuln1� gi�Mhc�ui�ni7b.dfn&qi��ciq�

cigg7giq� Mb.dfnh1bhciq� J.n1� élqc7gib� Jibq� 7n� v.ui� ui� uhJhqh.n� lq9vf1bhQ7i� �.7� .éghQ7i��� gi7b�

Mibvi11ln1�ui�dfnfbib�à�gl�r.hq�7n�n.7Jil7�Mb.dfnh1i7b�i1�7n�ni7b.ni�Q7h�Jl�vhdbib�Jibq�gi�M(gi�
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élqlg�u7�c.b1i0
�B.7b�cigl��giq�Mb.1fhniq�u7�c.vMgi0i�Blb�q.n1�c.nn7iq�M.7b�’1bi�i0Mbhvfiq�l7�

nhJil7� u7� M(gi� lMhclg�� lg.bq� Q7i� gi� c.vMgi0i�ÈMqv��È�h�O7Nl�Enqc� iq1� lcc7v7gf� l7� nhJil7�
Mb.0hvlg�i1�uhq1lg�ui�gl�cigg7gi�Mb.dfnh1bhci��mdlC2a�
	��
�Dni�uhJhqh.n�lq9vf1bhQ7i�Jl�c.nu7hbi�à�

7ni�bfMlb1h1h.n�hnfdlgi�ui�ciq�Mb.1fhniq�Q7h�l7bl�M.7b�c.nqfQ7inci�uülé.71hb�à�7n�uiJinhb�uhrrfbin1�

uiq� cigg7giq� dfnfbfiq� �mdlC2a� 
	��� �NlMiggh� lnu� È.nxlgix�� �����
� Eg� l� f1f� ufv.n1bf� Q7i� giq�

Mb.1fhniq�ÈMqv���O7N��.7�inc.bi�Enqc�q.n1�hnuhqMinqlégiq�à�ci�Mb.ciqq7q��R.nn.�i1�lg
��������

N.bhn�i1�lg
��������Bi9bi�i1�lg
�������
�Tn�irri1��gi� b�R.nn.�in������ufv.n1bi�Q7i�cpix�gl�q.7bhq�
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Defective Gpsm2/Gai3 signalling disrupts
stereocilia development and growth cone actin
dynamics in Chudley-McCullough syndrome
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Mutations in GPSM2 cause Chudley-McCullough syndrome (CMCS), an autosomal recessive

neurological disorder characterized by early-onset sensorineural deafness and brain

anomalies. Here, we show that mutation of the mouse orthologue of GPSM2 affects actin-rich

stereocilia elongation in auditory and vestibular hair cells, causing deafness and balance

defects. The G-protein subunit Gai3, a well-documented partner of Gpsm2, participates in the

elongation process, and its absence also causes hearing deficits. We show that Gpsm2

defines an B200 nm nanodomain at the tips of stereocilia and this localization requires the

presence of Gai3, myosin 15 and whirlin. Using single-molecule tracking, we report that loss of

Gpsm2 leads to decreased outgrowth and a disruption of actin dynamics in neuronal growth

cones. Our results elucidate the aetiology of CMCS and highlight a new molecular role for

Gpsm2/Gai3 in the regulation of actin dynamics in epithelial and neuronal tissues.
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C
hudley-McCullough syndrome (CMCS, OMIM 604213) is
a rare autosomal recessive neurological disorder in
humans, characterized by early and severe onset of

sensorineuronal deafness and hypoplasia of the corpus callosum
(CC)1. CMCS syndrome patients often display frontal
polymicrogyria (excessive small folds in the cortex of the brain)
and heterotopia. These may be associated with cerebellar
dysplasia, arachnoid cysts and ventriculomegaly. Some degree
of delayed mental development has been reported for some
patients, as well as occasional seizures, with overall psychomotor
development generally normal2. The reason for this pleiotropy is
not known and neither is the molecular basis of the pathology.

Recently, mutations in G-protein signalling modulator 2
(GPSM2 in humans, also known as Leu-Gly-Asn repeat-enriched
protein (LGN), mammalian Partner of inscuteable (mPins) or
Gpsm2 in mammals) were found to cause CMCS2–4. Because of
the well-known role for Gpsm2 in the control of spindle position
during orientated division5, it was suggested that CMCS might
result from defects in asymmetric division of progenitors, both in
the inner ear and the brain2. Recently, we demonstrated that
Gpsm2 and one of its binding partner, the a-subunit of the
heterotrimeric G-protein Gi3 (Gai3 encoded by Gnai3), control
the asymmetric localization of the kinocilium in developing
postmitotic hair cells (HCs) of the mammalian cochlea6,7.
These results were confirmed by another group that also
reported an accumulation of both proteins at the tip of the hair
bundles of the HCs8,9.

A HC stereocilia bundle is an actin-rich organelle consisting of
a specialized array of microvilli-derived structures that protrude
from the apex of auditory and vestibular HCs. Mechanical
deflection of the hair bundle gates mechano-sensitive ion
channels in stereocilia that leads ultimately to afferent action
potentials being conveyed to the central nervous system. Proper
development and maintenance of stereocilia are vital for normal
hearing10. Mechanisms that control HC bundle length are not
fully understood. During early postnatal development, actin
monomers are added at the barbed (plus) end of the stereocilium,
resulting in elongation from the tip11–13. Several proteins are
known to control this process14,15, with one common property
being their localization at the tips of stereocilia during
elongation16. The scaffold protein whirlin (encoded by Whrn)
and myosin 15 (encoded by Myo15) are two of the
best-characterized proteins among the HC bundle proteome
participating in stereociliary growth. Myosin 15 interacts with
whirlin and traffics it to the stereocilia tips where they colocalize
with the actin-bundling and capping protein Eps8 (epidermal
growth factor receptor pathway substrate 8)17–19, also dependant
on myosin 15 for its localization at the stereociliary tip.
Defects in all three genes individually cause abnormally short
stereocilia19–22, deafness in mice19,21,23 and non-syndromic
human deafness24–26.

In this study, we show that Gpsm2 and Gai3 define an
B200 nm domain at the tip of stereocilia, and that conditional
deletion of either gene prevents stereocilia elongation, the likely
cause of the early deafness and hearing deficits observed in
mutant mice. Furthermore, we demonstrate that mutations
identified in CMCS patients affect protein complexes, including
a novel and functionally relevant interaction between Gpsm2 and
whirlin. Using live super-resolution imaging, we show that actin
dynamics are disrupted in growth cones of young hippocampal
neurons from Gpsm2 mutant mice, affecting neuronal outgrowth.
These data support the idea of a global function for Gpsm2 in
modulating actin dynamics. The versatility of Gpsm2/Gai3
roles on actin and tubulin, in proliferative and postmitotic
cells, is the probable cause of pleiotropy in CMCS brain
anomalies.

Results
Gpsm2 and Gai3 define a tip nanodomain within stereocilia.
We evaluated the localization of Gpsm2 and Gai3 during the
development of stereocilia hair bundles using previously char-
acterized specific antibodies6. Gpsm2 was localized at the tip of
the nascent hair bundle at embryonic day 17.5 (E17.5), the earliest
phase of its formation (Fig. 1a, yellow arrows). Consistent with
previous observations, the apical crescent-shaped accumulation of
Gpsm2 was also present (Fig. 1a, stars; refs 6,8). By postnatal day
7 (P7), when stereocilia are rapidly elongating, Gpsm2 and Gai3
were enriched at the tips of the tallest row of inner hair cell (IHC)
stereocilia, the actual sensory receptors receiving 95% of the fibres
of the auditory nerve that project to the brain (Fig. 1b,c), but also
in vestibular HCs of the ampulla (Fig. 1d). At P15, the
enrichment is maintained in the tallest row, whereas we could
not detect fluorescence in the middle and small rows (Fig. 1e,f).
At this stage, the apical crescent-shaped staining became
fragmented or absent, suggesting a gradual loss of these
proteins from this zone. Multicolour STimulated Emission
Depletion (STED) nanoscopy was used to probe the stereocilia
tip compartment and revealed that Gpsm2 was concentrated into
a circular cap-like structure (Fig. 1f–h), similar to what was
described for myosin 15 (refs 12,17,27), above the actin core
labelled with phalloidin. Multicolour STED revealed that both
Gpsm2 and Eps8 domains mostly overlapped (Fig. 1i). To
evaluate the size of the tip domain, we mechanically isolated
stereocilia after immunocytochemistry, to obtain perfectly flat
structures (Fig. 1j,k). Using fluorescence intensity line-scans along
individual long stereocilia labelled with Gpsm2 and Eps8
antibodies and using the full-width at half-maximum (FWHM),
we estimated that the tip domain extended B200 nm axially at
the stereocilia tip (Gpsm2 FWHM¼ 198±59 nm, n¼ 10; Eps8
FWHM¼ 200±63 nm, n¼ 10). These results reveal a narrow
stereocilia tip compartment of B200 nm where actin filament
polymerization is regulated during hair bundle development.

Loss of Gpsm2 or Gai3 blocks stereocilia elongation. Owing to
their localization at the site of actin polymerization, we hypo-
thesized that Gpsm2 and Gai3 might be molecular components
required for the developmental elongation of stereocilia. To test
this, we examined the cochlear sensory epithelium of conditional
mutant mice generated with a Foxg1-Cre driver (hereafter,
named Gpsm2 cKO and Gnai3 cKO), during critical stages of
stereocilia elongation. At P5, in early phases of elongation,
scanning electron microscopy (SEM) analyses revealed an B40%
decrease in IHC tallest stereocilia length in Gpsm2 cKOs (see
Methods) and B25% decrease in Gnai3 cKOs, compared with
controls (Fig. 2a–d). There was also a statistically significant
increase in the number of stereocilia per bundle in IHCs of
Gpsm2 cKOs (by B25%) and Gnai3 cKOs (by B15%), with
abnormal supernumerary (more than three) rows of short
stereocilia compared with control (Fig. 2e). Omnidirectional
lateral links could be seen in both Gpsm2 and Gnai3 cKOs
(magenta arrows and insets in Fig. 2b,c), similar to the phenotype
reported for the myosin 15-deficient mutant mouse shaker 2
(ref. 28) (sh2, Myo15sh2). We conclude that Gpsm2 and Gai3 are
each required for the normal process of actin filament elongation
that drives stereocilia development.

At P21, when elongation is completed, the average length of the
tallest row of stereocilia was reduced by B70% and 50%
compared with controls in Gpsm2 and Gnai3 cKOs, respectively
(Fig. 2f–i, Supplementary Fig. 1a). The phenotype was more
severe in Gpsm2 cKOs that have short, thick stereocilia. In Gnai3
cKO, we sometimes observed normal size stereocilia among an
overall shortened hair bundle (Fig. 2h, magenta brackets), notably
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in the midbasal and more immature apical regions of the cochlea
(Supplementary Fig. 1a, right panel, green arrows). In both cKOs,
we observed supernumerary stereocilia per bundle, with B60%
and 50% increase in Gpsm2 and Gnai3 cKOs, respectively, as
compared with controls (Fig. 2j). These phenotypes are similar to
those reported for Myo15, Whrn and Eps8 mutants20–22,29. Our
results show that IHC bundles in Gpsm2 and Gnai3 mutants
share similar phenotypes, with stereocilia elongation significantly
affected at the onset of hair bundle formation and an overall more
severe phenotype in Gpsm2 cKOs.

Owing to the well-documented role of Gpsm2 (Pins) on
spindle orientation during asymmetric cell divisions, hearing loss
in CMCS patients was proposed to result from a defect in planar
cell polarity2–4. Once apical/basal polarity has been established in
mice, formation of the stereocilia bundle initiates in postmitotic

HCs in the basal part of the cochlea coil. The critical phase
of stereocilia elongation required to form the mature hair
bundle occurs mostly after birth (P0). To confirm a postmitotic
role for Gpsm2 in hair bundle elongation, we generated
Gpsm2 conditional mutants using the Pou4f3 promoter to
drive Cre-mediated recombination in postmitotic HCs only30

(Supplementary Fig. 1b). Hair bundles in these mutants displayed
supernumerary rows of shorter stereocilia at P8 (Fig. 2k), similar
to the phenotype we observed with an early embryonic deletion of
the gene. To confirm a postmitotic function of Gai in stereocilia
elongation, we treated cochlear explants from newborn rats (P0/
P1) for 8 days in vitro (DIV) with increasing concentrations of
pertussis toxin (PTX), a pharmacological inhibitor of all three Gai
protein isoforms (Supplementary Fig. 1c). After 8 DIV, we found
that stereocilia elongate in control cultures, whereas in the
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Figure 1 | Gpsm2 and Gai3 are dynamically expressed at the tips of stereocilia. (a–c) Surface view of whole mounts of rat cochlear sensory epithelium at

E17.5 (a) and P7 (b,c) illustrating Gpsm2 (a,b, green) and Gai3 (c, green) labelling in the actin-rich hair bundle labelled by phalloidin (Ph, magenta). (a) At

E17.5, Gpsm2 localizes at the tips of stereocilia at the onset of hair bundle growth (yellow arrows), but also in an asymmetrical crescent in a distal region of

the apical membrane of HCs (green asterisks). (b,c) By P7, both proteins accumulate at tips of stereocilia (green), strongly in IHC (yellow arrows) and

more weakly in OHC (green arrows). Arrow: inner hair cell (IHC). Bracket: outer hair cell. Scale bars (a–c), 4mm. (d) Gpsm2 (green) is localized at tips of

P8 stereocilia of rat vestibular HC bundles. Ph: phalloidin. Scale bar, 2 mm. (e) At P15, confocal imaging reveals the accumulation of Gai3 protein at the tip of

individual stereocilium. Scale bar 2mm. (f–h) At P15, STED super-resolution imaging of the Gpsm2-expression domain at an individual stereocilium tip

(f). Gpsm2 accumulated at tips of IHC stereocilia (green), above the F-actin labelling (magenta). (f, right panel, g) Acquisition of single plane images in two

perpendicular axis as illustrated on the schematic in h reveals the cap-like structure of the Gpsm2 nanodomain. Scale bars, 2 mm. (i) Triple STED labelling

reveals two mostly overlapping nanodomains at stereocilia tips with Gpsm2 (green) and Eps8 (magenta) above the F-actin signal (Ph, white). Left images:

individual channels for Gpsm2 (top) and Eps8 (middle). The bottom image illustrates the phalloidin channel (grey) with two-colour binary representation of

Gpsm2 (green) and Eps8 (magenta), with the overlapping domain (plain white). Scale bar, 2 mm. (j) Isolated long (j) and short (j, inset) stereocilia illustrate

the accumulation of the two proteins in the long stereocilium only. Scale bar, 1 mm. (k) Intensity profiles of phalloidin, Gpsm2 and Eps8 from (j) (orange line

across tip domain). Immunostainings repeated more than six times.
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presence of PTX, hair bundles of IHCs exhibited supernumerary
rows of short stereocilia (Fig. 2l), similar to those observed for the
Gnai3 cKOs. In these PTX-treated samples, the average length of
the tallest row of stereocilia was reduced by B30% when
compared with controls (Fig. 2m).

Loss of Gpsm2 or Gai3 causes hearing and balance deficits. We
assessed the auditory function of Gpsm2 and Gnai3 cKOs by
measuring the threshold of auditory brainstem responses (ABR)
using click-tones and pure tone of frequencies from 1 to 45 kHz.
Gpsm2 cKOs were profoundly deaf at 6 weeks of age (Fig. 3a),
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Figure 2 | Gpsm2 and Gnai3 mutations inhibit stereocilia elongation. (a–c) SEM of cochlear inner hair cells (IHC) from controls (a), Gpsm2 (b) or Gnai3
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of similar length and width. Lateral links between adjacent stereocilia are preserved (magenta arrows, insets). Scale bars, 1 mm. (d,e) Quantifications at P5

show reduced length of IHC tallest stereocilia and supernumerary stereocilia in both Gpsm2 and Gnai3 cKOs. Quantifications are presented as whisker box

plots (min/max), *Po0.05; ***Po0.001 with one-way ANOVA (post hoc Bonferonni’s test). (f–h) SEM of basal cochlear IHC from controls (f), Gpsm2 (g)

or Gnai3 cKOs (h) in P21 mouse. In Gpsm2 cKOs, stereocilia are short, typically with more than four rows and severely reduced staircase pattern. A similar,

but weaker phenotype was observed in Gnai3 cKOs, with occasional longer stereocilia in a bundle with overall shorter stereocilia (h, magenta brackets).

Scale bars, 1mm. (i,j) Quantifications at P21 are consistent with the above illustrations with a severely reduced length of IHC stereocilia and supernumerary

stereocilia in Gpsm2 cKOs, and a similar but milder phenotype in Gnai3 cKOs. Quantifications are presented as whisker box plots (min/max), *Po0.05;

***Po0.001 with one-way ANOVA (post hoc Bonferonni’s test). (k) 3D rendering of the surface of a control (top) and a Pou4f3-Gpsm2 mutant (bottom) at

P8. Mutants exhibit supernumerary rows of abnormally short stereocilia, sometimes split or fragmented (yellow asterisks). Scale bars, 4 mm. (l) SEM of

postnatal cochlear explants treated or not for 8 days (DIV8) with 100ngml! 1 PTX. In the PTX-treated samples (bottom panels), the stereocilia are shorter

than in controls (upper pannels), with similar widths. Scale bars, 1 mm. (m) Quantification of the length of the tallest stereocilia cultures treated with PTX

(blue line¼mean). n¼ 34 (control) and 76 stereocilia (PTX). Cultures repeated three times. ***Po0.0001 with unpaired Student’s t-test.
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with ABR thresholds above 90 decibel sound pressure level at all
frequencies, whereas Gnai3 cKOs displayed specifically high
frequency hearing loss starting at 11.3 kHz at the same age
(Fig. 3b). These results are consistent with the differences in
the severity of the phenotype we observed morphologically,
and demonstrate that Gpsm2 and Gai3 are essential for stereocilia
maturation and hearing. Another Gpsm2 cKO resulting in a
truncated protein lacking the carboxy terminus was recently

reported to be deaf31. Also, Gpsm2, but not Gnai3 cKOs,
exhibited increased hyperactive behaviour (413%) from controls
and circling behaviour (4130 rotations in cKO) (Fig. 3c–f).
Gpsm2 cKOs swam in tight circles and are more mobile than their
control littermates in a forced swim test (Fig. 3g). These results
are indicative of a vestibular dysfunction and are consistent with
the shortened stereocilia observed in the vestibular epithelium of
the Gpsm2 cKOs (Fig. 3h).
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Figure 3 | Gpsm2 and Gnai3 mutations affect cochlear and vestibular function. (a,b) Hearing tests on 4-week-old mice reveal severe threshold increases

in Gpsm2 cKO (a), compared with high frequency loss only in Gnai3 cKOs (b). Arrow in a indicates ABR thresholds exceeding the maximum testable

intensity. Mean±s.d. click-evoked ABR (click-ABR) and tone-burst-evoked ABR (f-ABR). Mean threshold values (in dB SPL) of click-ABR of control mice
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Control (Ctr) and cKO, n¼ 8 ears from eight mice click-ABR: Control and cKOs: n¼ 16 ears from eight mice. (c,d) Left panel: Gpsm2 cKOs (green traces)

display increased circling activity in a representative open-field during the first 30 s and at the end of the track (10min) compared with control littermates,

whereas Gnai3 cKOs (magenta traces) are unaffected (right panel). (e,f) Gpsm2 cKOs mice cover more distance and rotate more than Gnai3 cKOs mice

(each circle is an individual mouse). Open white circles are controls. (g) Top: heat map of force swim test occupancy for control and Gpsm2 cKOs. Bottom:

during the 2min test, Gpsm2 cKO mice showed less immobility and more body axis rotation compared with controls. (h) SEM of the surface view of the

macula of the utricle of P11 mice in control (left) and Gpsm2 cKO (right). Stereocilia elongation in the mutant is dramatically reduced compared with control.

Scale bars, 1mm.
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Gpsm2/Gai3 need myosin 15/whirlin for stereocilia elongation.
Since Gpsm2 and Gnai3 mutants have short stereocilia similar to
shaker 2 (sh2; myosin 15 functional null) and whirler (wi)
mutants, we hypothesized that these proteins form a larger
macromolecular complex. The delivery of whirlin to stereocilia
tips requires functional myosin 15, whereas trafficking of myosin
15 can occur independently of whirlin17. We found that Gpsm2
(Fig. 4a,b) and Gai3 (Fig. 4c,d) were both absent from the
stereocilia tips of sh2/sh2 (Fig. 4a,c) and wi/wi HCs at P8
(Fig. 4b,d). These data demonstrate that Gpsm2 and Gai3 require

myosin 15 to be trafficked to the tips of stereocilia. Myosin 15 was
still present at the tip of short stereocilia of Gpsm2 and Gnai3
cKOs at P8 (Fig. 4e,f), whereas whirlin localization was absent in
Gpsm2 and Gnai3 cKOs (Fig. 4g,h). Importantly, in earlier stages
(P4) we observed that the apical crescent of Gpsm2 and Gai3 was
maintained in sh2/sh2 mice (Fig. 5a,b). This result demonstrates
that both proteins depend upon different interactions and protein
complexes for apical membrane or stereocilia tip traffic within the
HC. We also confirmed that the localization of both proteins at
the tips of stereocilia was interdependent (Fig. 5c,d) as is the case
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in many other systems32,33. Altogether, our data demonstrate that
Gpsm2 and Gai3 are sorted to the apical membrane and to the
stereocilia tip via different protein interactions.

Our data suggest that whirlin is necessary for the trafficking
and/or the maintenance of Gpsm2 and Gai3 at the tip of the
stereocilia, and absence of whirlin in Gpsm2/Gnai3 cKOs also
suggest that the protein module participates in whirlin main-
tenance at the stereocilia tips. Altogether, our data show that the
similar phenotypes of sh2, wi, Gpsm2, Gnai3 mutant mice arise
from a common molecular function in driving stereocilia
elongation.

Gpsm2 and whirlin interact. To further explore the functional
interactions between myosin 15, whirlin, Gpsm2 and Gai3 pro-
teins, we used a heterologous system. COS-7 cells co-transfected
with complementary DNA (cDNA) constructs encoding both
myosin 15 and whirlin result in numerous actin-rich filopodia
protrusions and the two proteins accumulate at the tips of those
extensions17. Using this system, we show that Gpsm2 and Gai3
were also transported to the tip of the filopodia in the presence of
myosin 15 and whirlin (Fig. 6a,b). The majority of filopodia
tips (99%) contained Gpsm2 in the presence of whirlin and
myosin 15, and this number drops to 6% when an empty
vector coding for DsRed replaces DsRed-whirlin (Fig. 6c).
Co-immunoprecipitation experiments confirmed an interaction
between full-length myc-tagged Gpsm2FL and either green
fluorescent protein (GFP)–whirlin or untagged whirlin, whereas
non-immune IgG or pEGFP–C3 coding for GFP did not
co-immunoprecipitate either myc-Gpsm2 nor whirlin
demonstrating the specificity of the interaction (Fig. 6d,e,
Supplementary Fig. 2a,b). To assess the interaction in the
context of CMCS, we evaluated a human GPSM2 variant
reported in patients that is predicted to truncate the GoLoco
and linker domains, and is associated with multiple and severe
anatomical brain abnormalities2. The Gpsm2R318RfsX8 variant still
bound to whirlin, indicating that the N-terminal domain of

Gpsm2 was sufficient for this interaction (Fig. 6d,f). We used
glutathione S-transferase (GST)-pull down assays to show that
the unstructured C-terminal region of whirlin, between aa 672
and aa 810 was the minimal domain required to interact with
Gpsm2R318RfsX8 (Fig. 6d,g). All of the whirlin GST-constructs
lacking this region failed to interact with myc-Gpsm2R318RfsX8,
whereas the three GST-constructs containing this region pulled
down the variant (Fig. 6g, lanes 4, 6, 8). To test if Gpsm2FL may
act as an adapter stabilising whirlin at the tips of stereocilia,
we transfected HEK293T cells with increasing amounts of
myc-Gpsm2FL-encoding cDNA while maintaining the quantity
of DsRed-whirlin cDNA constant. Under these conditions, we
observed a net increase in DsRed-whirlin protein expression
levels, whereas increasing doses of DsRed-whirlin had no
significant reciprocal effect on myc-Gpsm2 levels (Fig. 6h,i).
Controls with increasing amount of cDNA encoding myc-
Gpsm2FL did not affect DsRed levels (Supplementary Fig. 2c).
One possible interpretation of these results is that when in a
complex with Gpsm2, whirlin protein may be stabilized, possibly
by being less susceptible to degradation.

As Gpsm2R318RfsX8 still bound whirlin, we evaluated if it
could modulate the ability of myosin 15 and whirlin to
generate filopodia. Figure 6d illustrates the position of GPSM2
truncating variants identified in CMCS patients and the resulting
predicted truncated proteins. In the presence of myc-Gpsm2FL,
42% of COS-7 cells extended filopodia, whereas in the presence of
Gpsm2R318RfsX8, this number was reduced by half to 21%
(Supplementary Fig. 2d, see Methods). These results suggest
that the truncation of the linker and GoLoco domains in
Gpsm2R318RfsX8 impairs the filopodia-generating ability of the
myosin 15/whirlin complex. To evaluate if some of these
truncation mutations could affect the proteins levels, we
quantified immunoblots of the different Gpsm2 variants. Results
show that the myc-Gpsm2Q562X variant (missing the last two
GoLoco domains) had an B15±4% reduction in protein levels
compared with the myc-Gpsm2FL, whereas myc-Gpsm2p.G491GfsX6

variant (missing all four GoLoco domains) led to an B70±4%
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Figure 6 | New protein complex between Gpsm2 and whirlin. (a–c) COS-7 cells transiently transfected with GFP–Myo15, DsRed-whirlin, myc-Gpsm2FL,

untagged Gai3 or DsRed as indicated. (a) Co-expression of myosin 15 and whirlin leads to the formation of actin-rich filopodial structures with Gpsm2

accumulating at the tip with the two proteins. Absence of whirlin (DsRed only) markedly reduces the colocalization at the tips. (b) Gai3 also accumulates at

the tip of filopodia with myosin 15 and whirlin. Transfections were repeated more than three times. Scale bars, 4 mm. (c) Percentage of filopodia tips

(±s.e.m.) displaying colocalization of Gpsm2, myosin 15 and whirlin in the two contexts. n¼ number of filopodia tips from three independent experiments.

***Po0.001 with Mann–Whitney test. (d) Schematic representation of Gpsm2FL and whirlin proteins. Four variants identified in CMCS patients, including

Gpsm2R318RfsX8 are indicated. (e) Whirlin co-immunoprecipitates with myc-Gpsm2FL but not with non-immune IgG. (f) The interaction is maintained,

though reduced, with the Gpsm2R318RfsX8 (Gpsm2R318R) variant. Representative images of n43 independent experiments. (g) A GST-pull-down assay

indicates that the unstructured region of whirlin between aa 672 and aa 810 binds to Gpsm2R318RfsX8. Representative image of n¼ 3 independent

experiments. (h,i) Increasing amounts of myc-Gpsm2FL-encoding cDNA over constant amounts of whirlin leads to a net increase in whirlin expression

levels, whereas increasing doses of whirlin had no significant effect on Gpsm2 levels. Five independent experiments presented as whisker box plots

(min/max) combined with dot plot (blue bars representing the mean values) ***Po0.001, **Po0.01, *Po0.05 (for h,i) with one simple t-test or

one-way ANOVA (post-hoc Bonferonni’s test). NS, not significant. (j) Gpsm2FL significantly increased the length of filopodia generated by eGFP–myosin

15 and DsRed-whirlin (control) in COS-7 cells. Constructs bearing CMCS mutations led to shorter filopodia, compared with control or to Gpsm2FL. Data are

presented as whisker box plots (min/max) from three independent experiments (n¼ 220, 207, 345, 228 and 188 filopodia, in the order indicated on the

histogram’s x axis) (blue bars represent the mean values). ***Po0.001, **Po0.01 with Kruskal–Wallis test (post-hoc Dunn’s Multiple Comparison Test).

NS, not significant.
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decrease, and the Gpsm2R318RfsX8 variant (missing all four
GoLoco domains and the linker domain) led to B60±4%
decrease (Supplementary Fig. 2e). The shortest truncation
(Gpsm2R127X), with only two tetratricopeptide repeats domains
remaining, was the most severe (too weak for quantification). The
impact of three of these four truncations was evaluated upon
filopodia length in the presence of myosin 15 and whirlin. We
first noted that co-expressing Gpsm2FL with myosin 15 and
whirlin statistically increased the average length of filopodia
(Fig. 6j). This increase was lost with all of the Gpsm2 variants
tested. The truncated proteins also affected the myosin
15/whirlin effect, suggesting a dominant-negative effect. Notably,
the shortest truncations retaining a amino-terminus
(Gpsm2p.G491GfsX6, Gpsm2R318RfsX8) had the most severe effect
on myosin 15/whirlin elongation. Taken together these data show
that truncation mutations lead to some reduction in Gpsm2
protein levels, but they also indicate that the shortest forms still
harbouring a N-terminus are able to interact with whirlin,
therefore affecting the ability of myosin 15 and whirlin to induce
filopodia elongation. We conclude that Gpsm2 is a new binding
partner of whirlin, and that CMCS mutations affect the ability of
the myosin 15/whirlin complex to generate filopodia.

Gpsm2 mutation affects neuronal development and motility.
In addition to early-onset sensorineural deafness, patients with
CMCS also display specific brain malformations on magnetic
resonance images; hypoplasia of the CC being a hallmark
of this pathology1. To evaluate the impact of Gpsm2
on CC development, we generated Emx1-Cre*Gpsm2 cKOs
(Gpsm2Emx1), deleting Gpsm2 in the early and dorsal
telencephalon. Analysis of brains from these cKOs confirmed
the existence of a caudal CC agenesis (Fig. 7a), as reported in
CMCS patients. CC defects can result from a disruption in
neuronal progenitors or defects in axonal elongation and
guidance, which are dependent upon the microtubule and actin
cytoskeleton34. Neurite elongation is due to the motility of the
growth cone driven in part by protrusive forces generated by actin
polymerization at the leading edge34,35 and the existence of a
retrograde flow of actin resulting from a balance of filament
polymerization and depolymerization, among other factors36,37.
We therefore hypothesized that actin dynamics could be impaired
in mutant Gpsm2 neurons and affect outgrowth. Measures of
growth cone locomotion on N-cadherin-coated substrates showed
that outgrowth of Gpsm2 cKOs neurons was reduced by 37%
compared with controls (control 0.97±0.04mmmin! 1 versus
cKO 0.61±0.02mmmin! 1), whereas the speed of growth cones
from Gnai3 cKOs was indistinguishable from controls (control
0.92±0.02 mmmin! 1; cKO 0.89±0.02 mmmin! 1) (Fig. 7b).
This Gpsm2 cKO phenotype was also observed on a laminin-
coated substrate, suggesting that the outgrowth reduction was not
specific to an N-cadherin substrate (Fig. 7c). The number of
pauses the growth cone made during the 30min time-lapses on
N-cadherin substrate was increased in Gpsm2 cKO neurons
(Fig. 7d–f, Supplementary Movie 1).

To evaluate whether Gpsm2 regulates actin cytoskeleton
dynamics we monitored the behaviour of individual actin-mEOS2
molecules using Single Particle Tracking combined with Photo-
Activation Localization Microscopy (sptPALM) under Total
Internal Reflection Fluorescence (TIRF) illumination, in the
peripheral region of the growth cones (see Methods, Fig. 8a,b).
We recorded trajectories longer than seven frames (median of
nine frames, Fig. 8c), and fit the mean squared displacement
(MSD) using a power function of time with exponent a (values
between 0 and 2). This parameter reflects the curvature of the
MSD function and the type of movement of actin-mEOS2

molecules, with a values close to 2 representing more directed
trajectories, and a values close to 0 representing more static
molecules (illustrated Fig. 8d). Comparisons analysis of the
distribution of exponent alpha for control and Gpsm2 cKO shows
statistical differences in the most extreme a values (below 0.6 and
above 1.4; Fig. 8e). This demonstrates that actin-mEOS2 exhibit
different dynamical behaviour in the peripheral region of growth
cones of control and Gpsm2 cKOs. These results, together with
the reduced neuronal outgrowth in Gpsm2 cKO, suggest that
Gpsm2 affects motility of the growth cone through a modulation
of actin dynamics.

The retrograde flow of actin is a complex phenomenon that is
the result of many individual mechanisms, including actin
filament nucleation and polymerization, capping and depolymer-
ization, in addition to mechanical forces experienced from
myosin contractility and coupling to adhesion molecules.
Although we do not know the molecular complex that could
drive Gpsm2 control of growth cone motility, we were able
to co-immunoprecipitate (co-IP) endogenous whirlin with
Gpsm2 from hippocampi lysates (Fig. 8f). We also found that
co-expression of myc-Gpsm2 with DsRed-whirlin and
GFP–myosin 15 in young (DIV3) hippocampal neurons lead to
a striking colocalization of the three proteins at the tips of
filopodia, supporting a role for these proteins in young neurons
motility (Fig. 8g). To test if Gpsm2 could modulate actin
polymerization, we compared the ratio of F-actin with G-actin
(F/G) in cells transfected with both Gpsm2 and Gnai3 constructs.
When co-expressed, the proteins significantly increased the
F/G-actin ratio by 138% (2.4±0.2) compared with the control,
demonstrating its impact on actin polymerization (Fig. 8h). The
Gpsm2R318RfsX8 variant of the protein resulted in a statistically
significant reduction of this activation (1.6±0.1). A similar assay
performed on cultured cortical neurons (see Methods), resulted in
a 32% decrease in F/G-actin ratio in Gpsm2 cKO neurons
compared with controls (0.68±0.05) (Fig. 8i). These data support
the hypothesis that Gpsm2 (with Gai3) stimulates actin dynamics
in neurons, and that some of the brain anomalies observed in
patients, notably CC hypoplasia, could be related to a disruption
of Gpsm2-dependant actin-based mechanisms.

Discussion
In this study we show that the Gpsm2/Gai3 module regulates
actin polymerization during stereocilia elongation, and that a
pathogenic mutation of either gene leads to abnormally short
stereocilia, the likely cause of hearing loss in CMCS patients. We
demonstrate that this function is due to a newly identified
interaction between Gpsm2 and whirlin, a member of the
stereocilia tip complex. Also, we show that a Gpsm2 mutation
affects CC formation and modulates neuronal outgrowth via the
regulation of actin dynamics, supporting a global role for Gpsm2
in controlling the actin cytoskeleton.

Myosin 15 is the molecular motor responsible for delivering
whirlin and Eps8 to the tips of actin-rich stereocilia and this
ternary complex is required for elongation of nascent stereocilia.
Our results show that myosin 15 and whirlin are also required for
trafficking Gpsm2 and Gai3, two new members of the stereocilia
tip complex, an electron-dense structure believed to contain
proteins that regulate actin polymerization (Fig. 9). Accordingly,
when myosin 15 is non-functional, Gpsm2 and Gai3 (this study),
as well as whirlin17 and Eps8 (refs 19,22) are all absent from the
stereocilia tips. On the other hand, when Whrn, Gpsm2 or Gnai3
are mutated, myosin 15 still accumulates at the tips of short
abnormal stereocilia. The failure of Whrn, Gpsm2 and Gnai3
cKOs stereocilia to elongate despite the localization of myosin 15,
suggests that these proteins assemble in a macromolecular
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complex (including Eps8) to regulate actin polymerization at the
stereocilia tips. Interestingly, it was recently shown that the
distribution of whirlin on the tallest row of stereocilia was
dependent upon the isoform 2 of myosin 15 (short form)38. It is
therefore probable that Gpsm2 and Gai3 are part of a preferential
complex with myosin 15 isoform 2 and whirlin.

Our data extend the complexity of the interactions occurring at
stereocilia tips during differentiation of HCs and provide new
perspectives for the molecular machinery controlling actin
polymerization. This complexity is highlighted by the increasing
number of proteins identified and accumulating at the tip
complex in a domain of B200 nm or less during stereocilia
elongation (Fig. 9). In many cellular contexts, Gpsm2 and Gai3
are at the interface between actin and the membrane, acting as a
link between the two39,40. In stereocilia, Gai3-GDP could be
tethered at the plasma membrane via its myristoyl and
palmitylate moieties, and bound to the C-terminal GoLoco
motifs of Gpsm2. This would leave the tetratricopeptide repeats
and linker region of Gpsm2 free to bind to various proteins (such
as whirlin) to anchor or stabilize them, that could in turn interact
with actin or other actin-regulatory proteins41, including Eps8
(refs 19, 22).

Our results significantly extend a recent report from Tarchini
et al.9, showing the localization of Gpsm2 (LGN) and Gai protein
at the tips of P7 mouse HCs stereocilia, and reporting deafness

and shortened stereocilia in a Gpsm2 mutant similar to ours.
Importantly, we show that although myosin 15 is not required
for the localization of Gpsm2 to the apical membrane
crescent reported previously6,8, it is critical for the targeting of
Gpsm2/Gai3 to the stereocilia tip. This demonstrates that Gpsm2
binds with different protein complexes to engage in distinct
molecular mechanisms at these locations.

Based on our data, the early deafness observed in Gpsm2 cKO
would be a consequence of a lack of postnatal elongation of
stereocilia in IHC, the auditory sensory cells that are responsible
for signal transduction, and which receive the vast majority of
afferent innervation. Our results also uncovered Gai3 as a specific
molecular partner for Gpsm2 during stereocilia elongation,
notably within the basal cochlear region, and as a candidate
gene for early-onset progressive hereditary hearing loss. Some of
the differences in hearing loss (earlier and comprising the entire
tonotopic axis in Gpsm2 mutants) probably reflect compensatory
mechanisms by other Gai isoforms42.
Our data support the hypothesis that a decrease in actin

polymerization, maybe through a disruption of the actin retro-
grade flow, underlies the reduced motility of Gpsm2 cKO
neurons. In young postmitotic neurons there is an obvious
molecular similarity between the mechanism controlling the
elongation of the stereocilia, and those controlling the movements
of the growth cone, including the existence of a filopodial tip
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Figure 7 | Gpsm2 mutation leads to hypoplasia of the corpus callosum and affects growth cone outgrowth. (a) Hematoxylin staining of coronal sections

from P6 Gpsm2Emx1 control (upper panel) and cKO brains (lower panel) at a caudal levels. Note the abscence of corpus callossum (CC) in the cKO mouse

(inset). Scale bar, 1mm, n¼4 independent experiments. (b,c) In cultured hippocampal neurons at DIV2, N-cadherin-dependent outgrowth was reduced in

Gpsm2 cKOs, but not in Gnai3 cKOs (b). The reduction in outgrowth was maintained on a laminin substrate in Gpsm2 cKOs (c). Data from three to six

independent experiments are presented as whisker box plots (min/max) (n¼ number of growth cones). ***Po0.001 with unpaired Student’s t-test.

(d) Images from three time points (0, 15 and 30min) of a time-lapse movie from 2 DIV control and Gpsm2 cKO hippocampal neurons plated on N-cadherin-

coated glass and showing the difference in distance covered (dotted lines and double-headed arrows). Scale bar¼ 10 mm. (e) Quantification of the average

number of pauses (±s.e.m.) during a 30min period of growth cones from control (n¼ 31 neurons) compared with Gpsm2 cKO (n¼ 51 neurons), from four

independent experiments. The Gpsm2 cKO growth cones pause more than controls. ***Po0.001, *Po0.05 with unpaired Student’s

t-test. (f) Cumulated distance covered by control and Gpsm2 cKO growth cones over a 30min period. Some pauses are indicated with blue arrows.
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complex43–45 (Fig. 9). In both cases, it is the dynamic insertion of
globular actin (G-actin) at the extremity of the structure
(stereocilium or filopodium and lamellipodium) that allows
elongation. This could be due to a role of Gpsm2 modulating
the stability of the tip complex components, as we suggest for
stereocilia elongation; a hypothesis supported by the endogenous
co-IP of the Gpsm2 and whirlin from young hippocampi. All of

the proteins identified so far that participate in stereocilia
elongation are also expressed in the brain of mammals,
including Gpsm2, Gai3, myosin 15, whirlin and Eps8 (refs 46–
50) (this manuscript). Myosin 15 is related to unconventional
myosin 10 (MYO10), a powerful inducer of filopodia formation
and elongation in neurons and other cells. Myosin 10 is present at
the filopodia tip in bright puncta and remains there as the
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filopodia extend and retract51–53. We find myosin 15 enriched in
neuronal growth cones and most filopodia, and accumulating
with whirlin and Gpsm2 at filopodia tips when co-transfected
into hippocampal neurons. Myosin 15 could have overlapping
functions with myosin 10 in neuronal protrusions, through a
protein complex similar to the tip complex identified in the inner
ear. But it is also possible that other neuron-specific binding
partners for Gpsm2 participate in this process in neurons. Further
studies are required to explore the exact molecular mechanism
underlying this result.

Previous work with a Gpsm2 mouse model resulting in a
truncated protein lacking the C-terminus suggested that cortical

malformations in CMCS are due to abnormally localized apical
progenitors, with no impact on neuronal production or forebrain
thickness54,55. The authors however did not report on the
morphology of the CC. In our Gpsm2 cKO, we confirmed an
overall normal cortical development and thickness, but we
observed a severe hypoplasia of the CC, which appears to
phenocopy a short and thin CC reported in the Palestinian
patient carrying the p.R127X mutation in GPSM2 (refs 2,3). Our
results demonstrating reduced neuronal outgrowth in Gpsm2
cKO neurons offer a mechanistic explanation for CC hypoplasia.
The diverse anomalies observed in CMCS patients can be
understood in the context of three cellular phenomena: (1) the
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the tip of stereocilia (growing end) or the leading edge of the growth cone, participating respectively in the elongation and motility of the two structures.
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Figure 8 | Gpsm2 co-immunoprecipitates whirlin in brain lysates and increases actin polymerization. (a,b) Representative DIV2 growth cones from a

control (a) and a Gpsm2 cKO (b) with the outlined peripheral region where sptPALM data were collected (yellow) and the corresponding individual actin-

mEOS2 trajectories (3min recording). Note the overall more-confined behaviour of the actin molecules in the cKO. Scale bars, 5 mm. (c) Distribution of the

actin-mEOS2 trajectory length shows a median trajectory length of nine frames for both genotypes (blue line). (d) Representative mean squared

displacement (MSD) over time for each of the three types of actin-mEOS2 behaviours with their corresponding a values. The plain curves represent fits to

the function MSD¼4Dta, where D is a diffusion coefficient and a is a power law exponent. (e) Repartition of the a values of actin-mEOS2 molecules in

control and Gpsm2 cKO neurons on N-cadherin substrate. Values from 11 (control) and 12 (cKO) growth cones from three separate experiments (±s.e.m.,

n¼ 1344 trajectories for control and 1121 for mutant). ***Po0.001, **Po0.01, *Po0.05 with an unpaired Student’s t-test or Mann Whitney test when a

normality test failed. NS, not significant. (f) Immunoprecipitation of Gpsm2 together with whirlin using anti-Gpsm2 serum. Membranes were

immunoblotted with the antibodies indicated on the left. The experiment was replicated twice. (g) DIV3 hippocampal neurons electroporated with eGFP–

myosin 15, DsRed-whirlin and myc-Gpsm2 show enrichment of all three proteins at the tips of filopodia (arrowheads). Filopodia are outlined with dotted

lines. The LUTwas modified (left, Orange hot) to better visualise the accumulation. n¼ 5 independent experiments. Scale bar, 4mm. (h) Actin assay shows

that the combination of Gpsm2FL and Gai3 expression shift the F/G-actin ratio, whereas the Gpsm2R318RfsX8 mutation decreases this shift. Dot plot from

five biological repeats (black bar represent mean values). **Po0.01 with Unpaired Student’s t-test, **Po0.01 with one sample t-test. (i) Actin assays on

cultures of neurons show a shift in the F/G-actin ratio, suggesting a decrease in actin polymerization in the Gpsm2 cKOs. Dot plot from five biological

repeats (black bar represent mean values). **Po0.01 with one sample t-test.
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production and stability of the predicted truncated proteins,
(2) the loss of GoLoco domains that are required for interaction
with Gai, and (3) the loss or maintenance of domains that can
impact on other binding partners of Gpsm2. This last point is
illustrated here with results from the Gpsm2G491GfsX6 and
Gpsm2R318RfsX8 variants whose expression leads to the
production of truncated proteins with an almost complete
N-terminus that is still able to bind to whirlin and affect the
ability of myosin 15/whirlin to generate filopodia. Notably,
compared with the shortest Gpsm2R127X variant2, the
Gpsm2R318RfsX8 variant is associated with some of the most
severe brain anomalies described so far, perhaps because the level
of this truncated protein is barely detectable.

Recently, we showed that Gpsm2/Gai3 regulates early planar
cell polarity in inner ear epithelia by modulating tubulin
dynamics in postmitotic cells in a mechanism reminiscent of
those controlling oriented cell division6. Here, we show that the
same complex controls actin dynamics not only in postmitotic
HCs but also in neurons, through different binding partners.
Because Gpsm2 has many interacting partners and is involved in
microtubule and actin dynamics, in both dividing and postmitotic
cells, each mutation identified in CMCS patients might affect a
variety of mechanisms. The expression of Gpsm2 in both neurons
and glia44 adds another level of complexity to this, as the role of
the protein in the latter has not been assessed. On the other hand,
in the inner ear the deficits are very similar regardless of the
mutation, with early-onset deafness identified in all patients,
highlighting the absolute necessity of an intact Gpsm2 protein for
hearing.

Altogether our study strongly suggests that the aetiology of
CMCS, notably its complexity and multi-syndromic aspect, is due
to the multifunctional role of the Gpsm2/Gai3 module on actin
and tubulin dynamics, in proliferative and postmitotic cells. This
new molecular role for Gpsm2/Gai3 in the regulation of actin
dynamics in epithelial and neuronal tissues show that this protein
complex plays sequential and/or partially overlapping roles in
mechanisms controlling the polarized growth of tissues. Taken
together, our work emphasizes the importance of identifying all
interacting partners of Gpsm2 and Gai3 and the mechanisms
associated with each interaction, in different (patho)physiological
contexts.

Methods
Transgenic mice used in this study. All procedures involving animals were done
in accordance to the European Communities Council Directives (2010/63/EU)
and the French National Committee (2013-118) recommendations. The French
‘Ministere de l’Education Nationale, de l’Enseignement Superieur et de la
Recherche’ approved all experiments under the authorisation no. APAFIS#1360-
201508031720985 after agreement from the ethical committee of the University of
Bordeaux. Gpsm2/mPins cKO was described previously6. Generation of conditional
Gnai3 KO mice. Exon 6 of the Gnai3 gene was flanked by loxP-sequences, because
in the global knockout mouse this exon was successfully deleted56. For the positive
selection of ES cell clones, a loxP-flanked TK-Neo resistance cassette was inserted in
reverse orientation in intron 6 of the Gnai3 gene at the 30 site. For negative
selection a DTA cassette was inserted after exon 7. Subsequently, the loxP-flanked
TK-Neo resistance cassette was deleted in vitro. Correctly targeted ES cell clones
were identified and used for generation of chimeric mice, that is, SV129/C57BL/6
genetic background. After germ line transmission the mutant mice were
backcrossed onto a C57BL/6 genetic background. In this study, Gnai3 cKO
were achieved by crossing Gai3

fl/fl and Foxg1-Cre mice. Shaker 2 (Myo15 allele)
and whirler (Whrn allele) mutant mice were maintained at the NIDCD and
all procedures were approved by the Animal Care and Use Committee (ACUC
#1263-16). Foxg1tm1(cre)Skm (Foxg1-Cre) and Emx1B6.129S2-Emx1tm1(cre)Krj/J

(Emx1-Cre) stocks were obtained from the Jackson Laboratory (Bar Harbor, ME),
Tg(Pou4f3-cre)1Devet mice was a gift from Douglas Vetter (Tufts University, Boston,
MA, USA), B6.Cg-Gt(Rosa)26Sortm6(CAG-ZsGreen1)Hze/J (Ai6) mice were
purchased from The Jackson Laboratory. All Gpsm2 conditional knockout lines
(cKO) were generated by crossing Gpsm2 flox/flox animals6, whereas the Gnai3
conditional knockout (Gnai3 cKO) line was generated by crossing Gnai3 flox/flox
animals. The resulting Gpsm2 cKO still expresses a short 147 amino-acid protein
corresponding to the N-terminal of the Gpsm2FL, whereas the Gnai3 cKO is a

full conditional knockout. The recombination pattern in Foxg1-Cre mice
closely matches the expression pattern of endogenous Foxg1. By E9.5/10.5 the
expression of Cre is strongly driven in both the telencephalon and the entire
otic vesicle/otocyst (early inner ear) of embryonic mice. Recombination occurs
efficiently in both HCs and supporting cells in the cochlea (and vestibular system),
and in most neurons of the telencephalon (glutamatergic and gabaergic), notably in
the cortex and hippocampus57,58. Pou4f3 is expressed only in postmitotic HCs30,
and Emx1 is expressed in the entire telencephalon as early at E10.5 (ref. 59). The
Cre reporter mouse strain B6.Cg-Gt(Rosa)26Sortm6(CAG-ZsGreen1)Hze/J (Ai6),
which induces the expression of ZsGreen from the Rosa26 locus, was used for
evaluation of Pou4f3-Cre-induced recombination localization. Sprague Dawley
Rats were obtained from Janvier (France).

Cochlear explants cultures and PTX treatment. For cochlear cultures, cochleae
from P0/P1 rat are placed in culture and the next morning (12–16 h later) PTX was
applied at 1– 100 ngml! 1, using a stock solution (50 mgml! 1, Sigma) as reported
previously described6. Half of the culture medium was changed every 2 days, and
after 8 DIV the tissue were fixed before labelling with phalloidin fluorescein
isothiocyanate (Sigma Aldrich) or processed for SEM.

Cochleae immunostaining. Inner ears from mice or rats were harvested at
specific time points between P5 and P21. Up to P5 mice and rats were killed by
decapitation, and in later stages, the animals were anaesthetized by CO2 before
decapitation. The inner ears were dissected and fixed in 4% paraformaldehyde for
1.5– 24 h at 4 !C for immunostaining. Fixed and dissected cochlear duct were
processed for immunocytochemistry as previously described6. Some cochleae were
mechanically scratched using forceps tips within the mounting medium to isolate
stereocilia. The primary antibodies were as follow: anti-Gai3 (ref. 60 or Sigma
G4040, 1:600), custom-made anti-Gpsm2 (ref. 6, pAb 1:500), anti-myosin 15
(PB48, ref. 50, pAb, 1:400), anti-whirlin (HL5136, ref. 17, pAb, 1:200), or anti-Eps8
(BD Transduction Laboratories, mAb, #610143, 1:200). Samples were incubated
with primary antibodies for 1.5/2 h at room temperature (RT) to overnight (ON)
at 4 !C with the primary antibodies, washed and secondary antibodies applied
(anti-mouse or anti-rabbit conjugated with Alexa-488, -594 or ATTO647N
(Life Technologies) for 1 h at RT. Phalloidin conjugated with fluorescein
isothiocyanate (P5282 Sigma, 1:500) or TRITC (P1951 Sigma, 1:500) were added
for 1 h at RT to label F-actin and thereby stereociliary hair bundles of HCs. When
comparing staining between controls and knockout, the two cochleae were
processed in the same tube at P5. For later stages, they were processed in different
tubes as only a small piece can be dissected at this stage, which renders final
identification difficult. The samples were placed in mounting medium (Prolong
Gold antifade reagent, Life Technologies) and flattened with a glass coverslip under
a microscope.

For image acquisition, we used a confocal/STED microscope (TCS SP8; Leica)
with a module STED " 3. Imaging was done using a Z step from 0.25 to 0.35 mm.
STED microscopy were performed with an objective 100" 1.4 numerical aperture
oil immersion STED objective. We used Atto 488 Phalloidin (Sigma, #49409, 1:600)
with a depletion laser of 592 nm, goat anti-mouse Atto 647N (Sigma, #50185-1,
1:300) and goat anti-rabbit Alexa Fluor 594 with a depletion laser of 775 nm.
Confocal images were processed in Volocity software (Perkin Elmer) and Adobe
Photoshop or ImageJ.

SEM and measurements. The inner ear (cochlear and vestibular system) of mice
aged P5 and P21 were harvested and immersed in 2.5% glutaraldehyde in 0.1M
cacodylate buffer, pH 7.35, with 3mM CaCl2 for 24 h or more. The tissues were
postfixed in 1% OsO4 in the same buffer, dissected and double processed with
thiocarbohydrazide followed by OsO4 (ref. 61) before dehydration through an
alcohol series and critical point drying with CO2. After mounting on specimen
support stubs, samples were sputter coated with platinum. Samples were examined
with a JEOL 6700 F cold field emission scanning electron microscope operating at 3
or 5 kV. Measurements were made on the longest row of stereocilia closest to the
kinocilium on 84 control stereocilia/16 HCs/2 mice and 75/24/2 (for P5 and P21),
on Gpsm2 cKO 36/8/2 and 108/21/2 (For P5 and P21), and on Gnai3 cKO 95/18/2
and 60/14/2 (For P5 and P21) in at least four different cochleae. The quantification
of the number of stereocilia were made on 23 control HCs/2 mice and 12/2 (for P5
and P21), on Gpsm2 cKO 16/2 and 23/2 (for P5 and P21) and on Gnai3 cKO 19/2
and 32/2 (for P5 and P21) in at least four different cochleae.

Images were collected from the basal or middle turn of the cochlea, defined as
B20/30% and 50/60% of the total length of the organ of Corti from the base.
At each location, the hair bundles were viewed both from behind the longest row of
stereocilia to view the height of the hair bundle as well as approximately
perpendicular to the apical surface of the HC or toward the inner aspect of the
bundle to examine its overall morphology and composition. To estimate bundle
height, measurements were made from images at calibrated instrument
magnifications of " 20,000 or occasionally " 10,000. Although we might have
underestimated the actual stereocilia length, all efforts were taken to minimize the
effect of parallax. Measurements were taken from bundles viewed from the lateral
side toward the medial side (from the stria toward the modiolus), so that the row of
longest stereocilia were imaged from the ‘rear.’ Samples were tilted and rotated so
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that the row of longest stereocilia was approximately perpendicular to the direction
of view. Stereo-imaging was used in a few cases to gain an indication of possible
errors in length measurements from 2D images. From the anaglyphs generated by a
pair of images separated by 8 degrees of tilt, height measurements were obtained
using analySIS software. These revealed little difference in the height measurement
from that obtained from the 2D image of a stereocilium at close to perpendicular to
its long axis. Measurements were made using ImageJ software.

ABR and vestibular tests. ABR is measured by averaging the evoked electrical
response recorded via subcutaneous electrodes. ABR to click and pure tone stimuli
were recorded in anaesthetized mice aged 6 weeks. All physiological recordings
were performed under anaesthesia (75mg kg! 1 ketamin hydrochloride, Ketavet,
Pharmacia, Pfitzer, Karlsruhe Germany, 5mg kg! 1 xylazin hydrochloride
(Rompun 2%, Bayer Leverkusen, Germany), 0.2mg kg! 1 atropine (Atropinsulfat B
Braun, Melsungen, Germany) in a soundproof chamber (IAC, Niederkrüchten,
Germany). In short, ABR thresholds were determined with click (100 ms), and pure
tone stimuli (2–45.3 kHz, 3ms duration).

For vestibular test, Gpsm2 and Gnai3 cKO mice and their control littermates
(6 weeks old) were housed in a controlled environment (20–23 !C) with free access
to food and water and maintained on a 12 h/12 h day/night cycle, light on at 7 am.
Mice littermates were housed in collective cage and behavioural experiments were
performed between 1 and 5 pm. Open-field and Forced swim test activities were
analysed with Ethovision (Version 11.5, Noldus Technology, Wageningen, The
Netherlands). In the open-field test, mice were placed in the arena (30" 40 cm)
and activity was recorded for a period of 10min. The total distance travelled and
the number of rotations were measured (every 360! turn is counted as one
rotation). In the forced swim test, mice were placed in a cylinder (height, 30 cm;
diameter, 21 cm) filled with water (25 !C). The activity, the total immobility and the
number of rotation was recorded for a 2min period. Immobility is defined by
movements inferior to 2 cm s! 1.

Filopododia quantifications in COS-7 cells. The constructs used were as
follows: untagged Gai3 (Origene), pK-myc-Gpsm2FL,48, pEGFP–c-MyoXVa,
pDsRed-c-whirlin and DsRed-empty (Clontech) or pK-myc-empty. Site-directed
mutagenesis was used to generate mutations R127X (Gpsm2R127X), Q562X
(Gpsm2Q562X), G491GfsX6 (Gpsm2p.G491GfsX6) and R318RfsX8 (Gpsm2R318RfsX8)
on Gpsm2 (QuickChange, Stratagene). We used an anti-myc (Covance mAb,
#MMS-150P-200, 1:1,000), anti-Gai3 (ref. 60 and Sigma G4040, 1:600), anti-GFP
chicken (Abcam, pAb #ab13970, 1:3,000), anti-DsRed (Living color, mAb #632392,
1:1500 and Living color, pAb #632496, 1:2,000), and Phalloidin conjugated with
coumarin (Sigma #P2494, 1:500). Images were acquired using Zeiss Axovision 4.7
and processed through Photoshop. For long-term assays (48 h), we considered a
COS-7 (ATCC-American Type Culture Collection) ‘filopodial cell’ a cell with at
least five long filopodia. For short-term assays of filopodia length, we split the cells
after 48 h of transfection, and re-plated them on coverslips previously coated with
5 mgml! 1 of poly-L-Lysine (PLL), and let them adhere for 2 h, before they are
processed for immunocytochemistry. For the quantification of percentage of
colocalization at the tip of filopodia, 500,000 COS-7 cells were transfected by
nucleofection using an Amaxa nucleofector kit (Lonza). After, 48 h the cells were
re-plated on coverslips previously coated with 5 mgml! 1 of PLL, and processed
for immunocytochemistry after a 2 h adhesion. Cell appearing unhealthy were
excluded from the analysis. Quantifications were performed blind to the
experimental group using ImageJ.

Co-IP. For Co-IP, HEK293T (ATCC-American Type Culture Collection) were
cultured on 10 cm dishes, transfected using polyethylenimine and harvested after
48 h in cold PBS. We used myc-tagged Gpsm2 constructs and/or GFP–whirlin
(whirlin was subcloned into the mammalian expression vectors pEGFP–C1-
Clontech) or untagged whirlin constructs (generous gift from Professor C Petit,
Pasteur Institute, Paris) and pEGFP–C3. Extracts were solubilized with Triton-X-
100 and a cocktail of protease inhibitor (Complete ethylenediaminetetraacetic acid
(EDTA)-free, Roche), and processed as previously described48. In brief, lysates
were incubated with protein A/G or A resin ON with primary antibodies. The
antibodies used were anti-myc (Millipore, pAb #06-549, 10 mgml! 1), anti-GFP
(Millipore, pAb #Ab3080P, 10 mgml! 1), and IgG from rabbit serum (Sigma,
pAb #I5391, 3 mgml! 1). After extensive washes, the beads were re-suspended in
sodium dodecyl sulfate (SDS) sample buffer immunoprecipitated proteins were
analysed by SDS–PAGE and immunoblotting. Proteins were visualized using
chemiluminescence-based immunodetection of horseradish peroxidase
(Amersham). Each co-IP was replicated at least three times.

For endogenous co-IP, 10 hippocampi from P21 male and female rats were
harvested and solubilized with 1% DOC and 1% Triton-X-100 in 50mM Tris
buffer pH 8 with protease inhibitors, and processed as previously described48. In
brief, lysates were incubated with 20 ml of pre-immune or Gpsm2 serum48 and with
protein A resin ON. For immunoblots, we used anti-whirlin (ref. 17, pAb 10 mg),
and the anti-Gpsm2Linker (generous gift from Joe Blumer, Medical University
South Carolina, USA) (ref. 46, pAb, 1:1,000).

GST pull-down. Different whirlin regions were cloned by polymerase chain
reaction and inserted into pGEX-4T-1 (GE) to create in-frame fusions with GST.

GST-tagged whirlin 1–229 containing PDZ1, GST-whirlin 1–362 containing PDZ1
and PDZ2, GST-whirlin 276–362 containing PDZ2, GST-whirlin 276–907
containing secondary structures between PDZ2 and PDZ3, GST-whirlin 276–672
containing PDZ2 and the HN-L2 region, GST-whirlin 673–907 containing the
proline-rich region and PDZ3, GST-whirlin 810–907 containing only the PDZ3
and GST-whirlin 363–809 containing the HN-L2 and proline-rich region were
purified from Escherichia coli strain BL21 supernatants by standard affinity
purification on glutathione-Sepharose 4B beads. In brief, bacterial pellets were
re-suspended and incubated for 30min on ice in TBS pH 7.5 lysis buffer containing
150mM NaCl, 10–20mM phosphate buffer and 0.1mgml! 1 lysozyme. Protease
inhibitors were then added along with DTT (15mM), EDTA (10mM) and sarkosyl
to a final concentration of 1.5%. The mixture was gently shaken, incubated for
15min on ice and centrifuged for 1 h at 186,000" g. sarkosyl in the supernatant
was neutralized with 2% Triton X-100 and the supernatant was incubated for 3 h at
4 !C on glutathione-sepharose 4B beads. The beads were washed three times with
TBS pH 7.5 containing 0.1% Triton X-100 and re-suspended in TBS pH 7.5 with
proteases inhibitors for later use.

A pull-down assay was performed with myc-Gpsm2R318RfsX8 overexpressed in
HEK293T. HEK293T are re-suspended and sonicated in Tris-HCl pH 7.5
containing 5mM EDTA, 1mM sodium fluoride, 1mM sodium orthovanadate,
proteases inhibitors and then solubilized 30min with 1% Triton X-100 and
0.5%SDS. The lysate was centrifuged for 30min at 150,000" g. The supernatant
containing myc-Gpsm2R318RfsX8 was incubated ON at 4 !C with GST alone or
GST-whirlin fusion proteins. After four washes with buffer containing 0.1% Triton
X-100, the bead pellets were re-suspended in SDS sample buffer and subjected to
SDS–PAGE and immunoblotting. Interaction was evaluated with anti-myc
antibody (Covance, mAb, 1:1,000). To evaluate GST amounts, the samples are
loaded on SDS–PAGE and stained with Coomassie blue.

Western blot and immunoblot. HEK293T cells in six-well plates were
co-transfected with 50, 100, 200 and 300 ng of myc-Gpsm2FL in the presence of a
constant concentration of DsRed-whirlin or DsRed-empty vector (50 ng), or with
stable levels of Gpsm2 with increasing concentrations of whirlin. In each condition,
the total plasmid concentration was balanced with a control plasmid to a total per
dish of 350 ng plasmid. After 48 h, the cells were collected using cold PBS,
centrifuged and solubilized by sonication. Lysates were re-suspended in SDS
sample buffer and subjected to SDS–PAGE and immunoblotting with anti-myc
(Covance, mAb 9E10, 1:1,000), anti-whirlin (Santa Cruz Biotech, mAb #sc-365250,
1:1,000), anti-DsRed (Living color, pAb #632436, 1:1,000), anti-GAPDH
(Millipore, mAb #MAB374, 1:1,000), anti-GFP (Living Color, mAb #632381,
1:1,000) followed by secondary antibodies (donkey anti-rabbit #CNA394V 1:5,000
or sheep anti-mouse IgG #CNA931V 1:5,000 conjugated to horseradish peroxidase,
GE Healthcare UK). The membranes were processed with chemiluminescence
(ECL, Thermo Scientific) as previously described6.

To evaluate the level of expression of Gpsm2 truncated forms, we transfected
the variants of Gpsm2 in HEK293T and after 48 h the cells were harvested and the
amount of protein evaluated by BCA assay. For each condition we pooled two wells
(six-well plates), and equivalent protein levels were loaded and separated on
polyacrylamide gels, and immunoblot performed with anti-myc antibody
(Covance), and anti-GAPDH (Millipore). Quantifications were made using GS-800
calibrated densitometer Bio-Rad and Quantity One Analysis software (Bio-Rad).
Unprocessed original scans of blots are shown in Supplementary Figs 3–7.

Actin polymerization assays. The amount of F-actin and G-actin was
evaluated according to the Cytoskeleton Actin Polymerization Assay Kit (BK037,
Cytoskeleton) protocol and as previously described62. HEK293T were transfected
with a combination of pK-RFP/pK-YFP (control), or myc-Gpsm2/YFP-Gai3
(ref. 48). 24 h after HEK293T transfection we reduced the levels of fetal bovine
serum in the medium from 10 to 1%, and the next day, the cells were stimulated
with fresh medium containing 10% fetal bovine serum for 30min, then re-
suspended in F-actin stabilization buffer with adenosine triphosphate (1mM) and
protease inhibitors.

Cortical and hippocampal neurons from P0 controls and Gpsm2 cKOs were
dissociated and plated at a density of 200,000 cells per dish, and stimulated with
KCl before harvesting at DIV3. For neuron stimulation, we used 20mM KCl at
37 !C for 1min, then collected the neurons in cold PBS before pelleted them at
3,000" g for 5min at 4 !C, and stored at ! 80 !C. To separate F-actin (pellet) from
G-actin (supernatant) a 1 h centrifugation at 100,000" g was performed on the
lysate, then the pellet was re-suspended in a volume equivalent to the supernatant
using F-actin depolymerizing buffer. Actin levels were quantified by immunoblot
using an anti-actin antibody (Cytoskeleton, #AANO1, 1:500). For each condition
we pooled three petri dishes. The expression levels were determined using a GS-800
calibrated densitometer and Quantity One Analysis software (Bio-Rad), and
represented as a percentage of control band intensity. We used a total of 14
controls and 10 Gpsm2 cKOs mice.

Histology. For histology, brains were harvested and fixed in Bouin’s fixative
(Electron Microscopy Sciences) ON, dehydrated in ethanol, paraffin-embedded,
and coronal sections (20 mm) obtained, before being stained with hematoxylin
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and mounted with Entellan (Millipore). Brain sections were examined using Leica
MZ-16 stereomicroscope using the NanoZoomer 2.0-HT slide scanner and ana-
lysed with the Hamamatsu NDP viewer software (Hamamatsu).

Neuronal cultures and transfections. Hippocampal neurons were dissociated
from E 18 rat embryos as described48 and electroporated with 2 mg of
eGFP–Myo15a, myc-Gpsm2FL and DsRed-whirlin using Amaxa nucleofector kit
(Lonza). Approximately 500,000 cells were transfected via nucleofection plated on
coverslips treated with 10 mgml! 1 of PLL. After 2 days, neurons were fixed for
10min with 4% paraformaldehyde at RT, then pre-incubated 30min at RT in
permeabilization buffer (PBS, 10% NGS, 0.1% triton). Cells were then incubated at
RT for 1 h with chicken anti-GFP (Abcam, pAb #ab13970, 1:3,000), anti-myc
(mAb, Covance, 1:1,000) and anti-DsRed (Clontech, pAb #632496, 1:3,000).
Fluorescent images of the neurons were obtained using a confocal microscope
(Leica SP8) and processed with Adobe Photoshop.

Videomicroscopy and sptPALM-TIRF. Regular 18-mm glass coverslips were
incubated for 2 h at 37 !C with 1mgml! 1 PLL in 0.1M borate buffer (pH 8.5),
rinsed with H2O, then incubated 2 h at 37 !C with 4 mg per coverslip of goat
anti-human Fc (Jackson Immunoresearch) in 0.2M boric acid (pH 8.5), before
another incubation ON at 4C with 0.2 mg per cover (stpPALM-TIRF) and 0.6 mg
per coverslip (time-lapse) of N-cadherin-Fc. Before use, the coverslips were rinsed
again with boric acid. For laminin, coverslips were coated with 1mgml! 1 PLL and
then laminin (5mg per cover).

For time-lapse experiments (growth cone outgrowth), hippocampal neurons
from newborn (P0/1) pups were plated at a density of 50,000 cells per coverslip.
Neurons were used after 2 DIV. Neurons were covered with 700 ml of Tyrode
solution (120 NaClmM, 5 KClmM, 2 MgCl2mM, 2 CaCl2mM, 25mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid, and 30mM d-glucose, pH 7.4), and
observed under an inverted Leica DMI 6000 microscope (Leica Microsystems,
Wetzlar, Germany) using a HCX PL APO CS " 63 oil 1.32 numerical aperture
objective and differential interference contrast illumination (Lumencor, Beaverton,
USA). Images were acquired every 1min for 30min using a HQ2 camera
(Photometrics, Tucson, USA) driven by the MetaMorph software (Molecular
Devices, Sunnyvale, USA). The multi-positions were done with a motorized stage
Scan IM (Märzhäuser, Wetzlar, Germany). Temperature was maintained at 37 !C.
The system was controlled by MetaMorph software. Quantification of neuron
growth cone speed was performed using ImageJ software plugin ‘manual tracking’.
The average speed (in mmmin! 1) was quantified as this distance divided by
30min. A ‘pause’ is when no movement (within the pointing accuracy of the
growth cone centroid) of the growth cone is observed over two consecutive
time-lapse images (1min image! 1), while maintaining filopodial activity.

The stpPALM-TIRF experiments were done as described in ref. 63. In brief,
coverslips were mounted in a chamber and placed on a Nikon Ti Eclipse inverted
microscope (Nikon France S.A.S., Champigny-sur-Marne, France) equipped with a
TIRF arm coupled to a fibre optic linked to a four-colour laser bench (Roper
Scientific). Images were acquired using an Apo TIRF 100 " oil numerical aperture
1.49 objective, and a sensitive EMCCD camera (Evolve, Photometrics, Tucson,
USA). Photoswitching of mEos2 was done at 405 nm, converting the molecule into
a red-emitting form, which was detected using the 561 nm laser and a long-pass
emission filter. All the equipment was driven by the software Metamorph. Image
stacks of 320 frames were acquired in time-lapse mode at a frequency of two
images per second, with a camera exposure time of 250ms. This procedure ensures
that fast-diffusing actin monomers which contribute to a blur in the images are
eliminated from subsequent analysis, and that only slowly moving actin molecules
incorporated in filaments are retained63,64. Experiments were done on 11 growth
cones for control and 12 growth cones for cKO Gpsm2 neurons, from at least three
separate experiments.

Speed and trajectories analysis. Actin trajectories recorded by sptPALM were
computed and analysed using custom-made algorithms written as a MetaMorph
plug-in as described in ref. 63. Single-molecule localization was performed using a
wavelet-based algorithm, and trajectories were computed using a simulated
annealing algorithm65. The trajectory duration, which corresponds to the time
during which single mEOS2 fluorophores emit red light upon 561 nm laser
illumination, follows an exponential distribution strongly shifted to short values.
Only trajectories longer than seven frames in regions of interest were kept, which
yielded a median of around nine frames. The proportion of trajectories with more
than seven points is 80% in control and 78% Gpsm2 cKO growth cones
respectively. The MSD function was computed for each trajectory over time, and fit
by the power law MSD¼ 4Dta using Kaleidagraph 4.1, where t is the time, D is an
adjustable coefficient and the exponent a (values between 0 and 2) reflects the
curvature of the MSD function and the type of movement. For highly directed
trajectories, the MSD is a quadratic function of time, thus a is close to 2 (ref. 64,66).
The numbers of trajectories analysed were 1344 (controls) and (1121) mutants.

Statistical analyses were carried out using Prism statistical package (GraphPad).
Normality of distribution and homogeneity of variance were validated and statistical

significance between means was calculated using unpaired Student’s t-test or Mann–
Whitney test when normality test failed. Po0.05 was considered significant.

Data availability. All data are available from the authors.
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p/lsvT,v���,bCiv(��2�0e�c5��0,Dbo2,vNb,�5iT,v4s,��t
�
���

��bD,�1,o�eisTviN���ob4,iDL��4tvs.,b-sN(�
o8��ob4,iDL��0,Dbo2,vNb,�5iT,v4s,���ob4,iDL���biv2,��,�v-NsNDN,�8ob��so2h,Cs-Nb(�iv4�5ou,2Duib��souoT(�
����5,4s2iu��i2DuN(��tvs.,b-sN(�o8��/--,u4ob8���/--,u4ob8���,bCiv(��8�,mibNC,vN�o8�9Nouib(vTouoT(��
p/lsvT,v��,ibsvT�c,-,ib2h��,vN,b��e,2Nsov�o8�Ah(-souoTs2iu��2oD-Ns2-�iv4��oCCDvs2iNsov��tvs.,b-sN(�
o8�p/lsvT,v��p/lsvT,v���,bCiv(��T�v-NsNDNo�4,��souoT)i(��,vYNs2i�5ou,2Duib��tvs.,b-s4i4�4,�diuui4ous4�
\ &RQVeMR 6XSerLRr Ge ,QYeVtLJaFLRQeV &LeQttÀFaV� 9allaGRlLG� 6SaLQ��h�v-NsNDN,�o8�5,4s2iu�5s2bolsouoT(�
iv4��o-msNiu��(Ts,v,��tvs.,b-sN(�o8��/--,u4ob8���/--,u4ob8���,bCiv(��s0,DbolsouoT(�1ilobiNob(��0iNsoviu�
�v-NsNDN,�o8��v.sbovC,vNiu��,iuNh�e2s,v2,-��0iNsoviu��v-NsNDN,�o8��,iuNh��c,-,ib2h�pbsivTu,�Aibn��te����
a�v-NsNDN,�o8��soC,4s2iu�c,-,ib2h����95�����e2hoou�o8�5,4s2iu�e2s,v2,-���iNhous2�tvs.,b-sN(�o8��bT,vNsvi��
�D,vo-��sb,-���bT,vNsvi��nt�1��ib��v-NsNDN,��1ov4ov��t 

�
�������
HeterRtrLmerLF G-SrRteLQV � Gαs���0����w�eN,b,o2susi�lDv4u,�w��o2hu,ib�hisb�2,uu�CiNDbiNsov�w�
0,Dbiu�Tisv�w��,i8v,--�T,v,

�
���	��
���

����������� )rRm LQYerteErateV tR mammalV� Gαs� mboN,sv-� i2N� NoT,Nh,b� IsNh� Nh,sb�
2oCCov�lsv4svT�mibNv,b��m-C��No�To.,bv�2,uu�mouibsBiNsov�iv4�muivib�obTivsBiNsov�sv�.sbNDiuu(�
aQ\ SRlarL]eG Fell. 5eFeQtl\� Ze GemRQVtrateG tKat Gαs�-GeÀFLeQF\ LQ Sre-KearLQJ mXrLQe 
FRFKleae SRLQteG tR a rRle RI Gαs��8ob�i-(CC,Nbs2�CsTbiNsov�o8�Nh,�nsvo2susDC�i-�I,uu�i-�Nh,�
RrLeQtatLRQ aQG VKaSe RI tKe VtereRFLlLar\ �´KaLrµ� EXQGle� a reTXLremeQt IRr tKe SrRJreVVLRQ 
RI matXre KearLQJ. :e IRXQG tKat tKe laFN RI Gαs�� sCmisb-�-N,b,o2susib(�,uovTiNsov�iv4�hisb�
EXQGle VKaSe LQ KLJK-IreTXeQF\ FRFKlear reJLRQV� lLQNeG tR eleYateG KearLQJ tKreVKRlGV IRr 
KLJK-IreTXeQF\ VRXQG. HRZ tKeVe mRrSKRlRJLFal GeIeFtV traQVlate LQtR KearLQJ SKeQRt\SeV LV 
voN�2u,ib���	��������,b,��I,�-ND4s,4�Tuoliu�iv4�2ov4sNsoviu�������iv4�������CoD-,�CDNivN-�
GeÀFLeQt IRr eLtKer RQe Rr ERtK Gαs�mboN,sv-���oCmibiNs.,�iviu(-,-�o8�Tuoliu�.,b-D-��oLT
�
4bs.,v�2ov4sNsoviu�CDNivN-�NhiN�Cisvu(�4,u,N,�sv�Nh,�svv,b�,ib�iv4�N,u,v2,mhiuov�sv�2oClsviNsov�
ZLtK IXQFtLRQal teVtV Zere aSSlLeG tR GLVVeFt eVVeQtLal aQG reGXQGaQt IXQFtLRQV RI GLIIereQt Gαs�
LVRIRrmV aQG tR aVVLJQ VSeFLÀF GeIeFtV tR RXter Rr LQQer KaLr FellV� tKe aXGLtRr\ QerYe� VatellLte 

Abo8���b���b���,bv4�0/bvl,bT
iv4�A���b��1Dni-�c/NNsT,b

�,mibNC,vN�o8�AhibCi2ouoT(�iv4��Lm,bsC,vNiu�ph,bim(��tvs.,b-sN(�p/lsvT,v��
:suh,uC-Nb����������	�
�p/lsvT,v���,bCiv(���p,u���
���	�
����
��	��
��5isu�l,bv4�vD,bvl,bT�Dvs�ND,lsvT,v�4,���uDni-�bD,NNsT,b�Dvs�ND,lsvT,v�4,
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��11s�cl� ��0 l�1� �o�  cla�0�olc0s����
���
� Here Ze reSRrt tKat laFN RI Gα 	� �o �0c �c��  ���
XELTXLtRXVl\ e[SreVVeG Gα ���1�r� �s����l 0�� �l�s�c1������c5e�0 ����a� 5e� l����� l��o0�1��
elRQJatLRQ aQG VKaSe LQ KLJK-IreTXeQF\ FRFKlear reJLRQV. 'XrLQJ tKe FrXFLal reSrRJrammLQJ 
c�� ��� 55� ol�� 00�l��� l���11�������sa0�es�� 0 c����o0�  c0�1�s�0scla�sa0�es��c�� ���5� ol��
,H& GeÀFLeQF\ IRr Gα � Rr Gα 	 KaG QR LmSaFt. ,Q FRQtraVt� GRXEle-GeÀFLeQF\ IRr Gα � aQG Gα 	�
 sc�cl5s�l�so1 s� 0���0cl5�1   �s��1c0�� ����0  l�� c0c ce ���t s� 0�1o� 0��elc�co0������0�ss�
�ssc� � ���n  ��s �l�c� 1 ������� s����0� ��s��5 ����ecs 0� �1�����sa0�es��5� ol�  c0� s��1sc�
LmSaLreG. ,Q aGGLtLRQ� tKe aQal\VLV RI FRQGLtLRQal YerVXV JlREal Gα 	-GeÀFLeQt mLFe reYealeG 
 �� �  ��� �5e1  o��� c�� �
�� n�r�� ��� n�s� � selcecl  c0�11a� �1�r� ���  0� �c5e�l sc0�  c� �
��
ZaYe , LQGLFatLQJ tKat Gα 	� s�s�1��  r�1a� 0rc1r��� 0���0�l�  c0�c��0�ol�1��� 0��ol 0���o�  cla�
elc��ss 0����	����
�	�� :e SrRSRVe a VR Iar XQreFRJQL]eG FRmSle[Lt\ RI LVRIRrm-VSeFLÀF aQG 
RYerlaSSLQJ Gα  SrRteLQ IXQFtLRQV SartLFXlar GXrLQJ ÀQal GLIIereQtLatLRQ SrRFeVVeV.

������	�����

(eterotrimeric G-proteins are grouped into four subfamilies, i.e. Gα
, Gα�, Gα�, and Gα�������according to the nature of their α subunit, which also reflects their specificity for distinct 
G-protein-coupled receptors and sets of effector proteins [ͳ, ʹ]. The three mammalian Gα
�isoforms, i.e. Gα
�, Gα
�, Gα
�, are best described as being the inhibitory Gα subunits that 
suppress adenylyl cyclase activity resulting in decreased cellular cAMP levels [͵-ͷ]. )n 
addition, specific binding partners such as members of the activators of G-protein signaling 
ȋAGSȌ family have emerged as crucial intracellular regulators that can control G-protein 
activity even in the absence of GPCR-stimulation. Until now, Gα
 isoforms together with 
Gpsmʹ ȋalso known as AGSͷ, LGNȌ, a group )) AGS/guanine nucleotide dissociation inhibitor 
ȋGD)Ȍ [͸, ͹], have been implicated in signaling pathways that control mitotic spindle dynamics 
and thereby asymmetric cell division, polarity, growth and differentiation in invertebrates 
up to mammalian cells [ͺ-ͳʹ]. )nitially, Gpsmʹ was found in functional screens as a receptor-
independent activator of G-protein-signaling interacting with GDP-bound Gα
�� �	����	�its four Gα
��-loco motifs [ͳ͵, ͳͶ]. Subsequently, this interaction was demonstrated for all 
three Gα
� 
����������������� �	�����
�[ͳͷ]. )nhibiting Gα protein function with the pan-Gα
���blocker PTX or ��� expression of an Atohͳ-PTX construct demonstrated that Gα
��
��������control kinocilium migration and planar organization of stereociliary bundles in the hair 
cells of the murine cochlea [ͳ͸, ͳ͹]. Gpsmʹ dysfunction has been linked to mutations in the 
����� gene in patients, formerly known as the deafness locus DFNBͺʹ, responsible for the 
autosomal recessive disorder Chudley-McCullough-syndrome [ͳͺ, ͳͻ] that is characterized 
by severe to profound congenital hearing loss in humans [ʹͲ-ʹʹ]. Moreover, knock-out mice 
revealed that the deletion of the Gα
� isoform was sufficient to mimic the PTX phenotype in 
the immature pre-hearing organ by disrupting the migration of the kinocilium at the surface 
of hair cells and affecting hair bundle orientation and shape [ͳ͸]. So far, Gα
������
��	���
���been associated with hereditary deafness because of an assumed functional Gα
� 
�������redundancy for hearing. Nevertheless, we and others recently reported hearing loss in Gα
��cKO and Atohͳ-PTX mice, correlating with�stereociliary elongation defects in )(Cs [ͳͻ, ʹ͵]. 
)t remains open whether the ubiquitously expressed Gpsmʹ-binding partner Gα
��	���������
�impact on cochlear architecture and auditory function and whether both Gα
 proteins play 
specific and/or redundant roles.

(ere, we examined the physiological role of Gα
 isoforms for hearing by using gene-
targeted mouse lines for Gα
�, Gα
� and Gα
�/Gα
���
�� ���
���

�� ����������
����������

��Gα
�-GFP. Comparative analyses of global versus conditional mutants that mainly delete in the 
inner ear and the telencephalon in combination with functional tests allowed us to dissect 
essential and redundant functions of different Gα
 isoforms and to assign specific defects to 
outer or inner hair cells, the auditory nerve, satellite cells or central auditory neurons. We 
show that both Gα
� and Gα
� act in a spatially and functionally complex manner not only 
on planar organization of hair cell bundles, but are also required for final differentiation 

u�����������o �cl�s�
�o�1 s�����a������l��l�����
�s�1
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of the first auditory synapse ȋthe inner hair cellȌ, and central neural gain during auditory 
processing. Therefore, hearing loss associated with dysfunction of specific Gα����
�
��������
��only caused by abnormal stereociliary bundle or mitotic spindle organization but may also 
be a consequence of the disability for postnatal neuronal maturation and central adaptation.

��
��������	����
�
��

�������
Adult ȋͳ- to ͺ-month-oldȌ mice weighing ͳͷ-͵ͷ g were included in this study. For all mouse lines, male 

and female animals were used, because we did not observe sex-dependent differences. The use, treatment 
and care of the animals and the experimental protocols were based on the institutional guidelines of the 
Veterinary Care Unit, University of Tübingen and were approved by the animal welfare commissioner of 
the regional board for scientific animal experiments in Tübingen ȋP(͹/ͳͶȌ. Experiments were performed 
according to the European Union Directive ͺ͸/͸Ͳͻ/EEC for the protection of animals used for experimental 
and other scientific purposes. Mice were kept according to national guidelines for animal care in an specific-
pathogen free ȋSPFȌ animal facility.

�����������������
�����
For generation of �����fl/fl mice, EͳͶ.ͳ embryonic stem ȋESȌ cells from ͳʹͻ/Ola mice were grown in 

Dulbecco’s modified Eagle’s medium ȋ)nvitrogen, Carlsbad, CA, USAȌ supplemented with ʹ mM glutamine 
ȋSeromed, Wien, AustriaȌ,� 
��	���� inhibitory factor, ͳͲͲ U/ml penicillin, ͳͲͲ µg/ml streptomycin 
ȋSeromedȌ, ͷͲ µM ʹ-mercaptoethanol ȋ)nvitrogenȌ and ͳͷ% heat-inactivated fetal bovine serum ȋPan 
Biotech, Aidenbach, GermanyȌ. Genomic fragments flanking the murine ����� gene as well as 
�����������
����
��������������������
�Ȍ were cloned into pBluescript ȋAgilent technologies, Santa Clara, CA, USAȌ and 
fully sequenced. The targeting vector was designed according to the ����� knockout construct, where exon 
͸ is deleted ����. Therefore, exon ͸ of the ������gene was flanked by loxP-sequences. At the ͵’ site, the loxP-
flanked 
��	�� resistance cassette was inserted in reverse orientation in intron ͸ of the ����� gene without 
deleting any endogenous sequence. Additionally, after the short arm, which encodes exon ͹, a DTA cassette 
was inserted for the negative selection of ES cell clones ȋfor all online suppl. material, see www.karger.
com/doi/ͳͲ.ͳͳͷͻ/ͲͲͲͶͻͲͺ͸͹,  suppl. Fig. ͳȌ. EͳͶ.ͳ ES cells were electroporated with the Not)-linearized 
targeting vector, and the transfected cells were subsequently subjected to GͶͳͺ and Ganciclovir selection. 
Clones carrying the correct homologous recombination were identified by Southern blot hybridization 
with the ͷ’ flanking probe ȋͷ´fpȌ indicated in ȋsee online suppl. materialȌ suppl. Fig. ͳ after digestion 
of ES cell DNA with Pst) ȋdata not shownȌ. Single integration was verified by digestion with Bam() and 
probing the Southern blot with the �������� resistance cassette. Thereafter, the selected positive clones 
were transfected with Cre-recombinase to delete the loxP-flanked 
��	�� resistance cassette. Clones were 
selected by Ganciclovir treatment allowing for clones growing only when the 
��	��� ��������������������
was successfully excised. The selected clones were again checked with Southern blot hybridization with 
the internal probe Pʹ ȋ͵´fpʹ, see online suppl. material, suppl. Fig. ͳAȌ after digestion with Pst) ȋdata not 
shownȌ. Correctly targeted ES cell clones were injected into Cͷ͹BL/͸ blastocysts, which were transferred 
into pseudopregnant foster mice. Resulting chimeric mice were backcrossed to Cͷ͹BL/͸ mice, and germ 
line transmission of the targeted allele was again confirmed by Southern blot analysis. �����fl/fl� �����
were backcrossed to the Cͷ͹BL/͸ genetic background for at least five generations. Genotyping of �����fl/

fl mice was performed by PCR with the following primers: ͷ’-GCAATTATCTTTTGTGTGGC-͵’ ȋEx͸-FȌ; 
ͷ’-ATGCTGTCAAACAATTTCATGC-͵’ ȋEx͹-RȌ; ͷ’-TAGCAGTTGTCATGGCTACC-͵’ ȋ)nt-FȌ ȋsee also online suppl. 
material, suppl. Table ͳȌ. The recombined allele results in a band of ͵ͷͲ bp ȋsee online suppl. material, 
suppl. Fig. ͳ B and CȌ. To check successful deletion of �����, mice were crossed with �������� mice and PCR 
analysis confirmed deletion of ����� ȋsee online suppl. material, suppl. Fig. ͳB and CȌ. A specific deletion of 
������
��������in the inner ear and telencephalon was achieved by crossing �����fl/fl�
�������fl/fl����������
���������������������fl/fl mice were provided by the Comparative Medicine Branch of the National )nstitute 
of Environmental (ealth Sciences, North Carolina ʹ͹͹Ͳͻ [ʹͷ], backcrossed on a Cͷ͹BL/͸N background 
[ʹ͸], and ���������������
���� 
���� [ʹ͹] was purchased from The Jackson Laboratory ȋBar (arbor, ME, 
USAȌ, on a Cͷ͹BL/͸N background. A tissue-specific mutant mouse line was generated where both �����
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genes were disrupted by crossing with ����������������������������
��fl/fl; ��
��fl/fl; Foxgͳ-Cre��
�������������
were used as controls. Genotyping of Gnaiʹfl/fl mice was performed by PCR with the following primers: for: 
ͷ’-GGCTATGATCCCAAAACTCCCCG-͵’ and rev: ͷ’-GTGGTAAGCCTGTGTTTGTGAGAG-͵’. The recombined allele 
results in a band of ͶʹͲ bp ȋdata not shownȌ.

��
��-GFP mutant mice were generated in collaboration with Cyagen Biosciences and a more detailed 
description will be described elsewhere ȋBeer-(ammer ���
�, in preparationȌ. Briefly, the eGFP-cDNA was 
inserted in Exon ͺ of ��
���right after the TGA stop codon. To achieve equal expression of Gα�� and eGFP the 
construct contains an )RES ȋinternal ribosomal entry siteȌ. With this we achieve an equivalent expression 
of Gα�� and GFP. The GFP expression was successfully detectable via flow cytometry ȋdata not shownȌ and 
immunohistochemistry ȋthis studyȌ. ��
��-GFP mutant mice are born and grow without any obvious signs 
�	���������������

Organismal ȋǲglobalǳȌ ��
�-deficient mice were originally provided by the Comparative Medicine 
Branch of the National )nstitute of Environmental (ealth Sciences, North Carolina ʹ ͹͹Ͳͻ on a genetic SVͳʹͻ 
background [ʹͺ]. Subsequently, the mouse strains were backcrossed on a Cͷ͹BL/͸N ���

������	������������
nine generations [ʹ͸, ʹͻ]. The ��
�� mutant mouse line was kept in )ndividually Ventilated Cages ȋ)VCȌ, 
while the ��
�� mutant mouse line was kept under SPF conditions. Generation and initial characterization 
�	�
������������������������
�������
��������
��-deficient mice is described in detail in [ͳ͸, ʹͶ, ͵Ͳ].

��
���
������
(earing was tested on anesthetized animals through auditory brainstem response ȋABRȌ measurements 

of the distortion product otoacoustic emissions ȋDPOAEȌ, and electrocochleography. ABR to click and pure 
tone stimuli and the cubic ʹ*fͳ–fʹ DPOAE for fʹ=ͳ.ʹͶ*fͳ and Lʹ=Lͳ–ͳͲ dB were recorded in adult ͳ- to 
ͺ-month-old anesthetized mice. From click-evoked ABRs, consecutive wave components that reflect the 
summed neural activity along the ascending auditory pathway were analyzed as described [͵ͳ-͵͵]. ��������
electrocochleography ȋcompound action potentials of the auditory nerve, CAP; summating potential of )(C 
receptor potentials, SP; receptor potential of O(Cs, cochlear microphonic, CMȌ was performed in anesthetized 
mice as described [͵Ͷ]. From the waveform signal of the CAP and CM recordings, peak amplitudes ȋin mVȌ 
were calculated and plotted as input/output ȋ)/OȌ functions with increasing stimulus level ȋͲ–ͳͲͲ dB SPLȌ. 
For CM )/O function, peak-to-peak amplitudes were calculated for the stimulus frequency of ͳ͸ k(z, the 
stimulus frequency giving the best response. For SP, amplitude was defined as average DC potential minus 
baseline for stimulus frequency at ͳͳ.͵ k(z.

	���
�����
���������
The inner ear ȋcochlear and vestibular systemȌ of mice aged Pʹͳ were harvested and immersed in 

ʹ.ͷ% glutaraldehyde in Ͳ.ͳM cacodylate buffer, p( ͹.͵ͷ, with ͵mM CaClʹ for ʹͶ h or more. The tissues 
were postfixed in ͳ% OsOͶ in the same buffer, dissected and double processed with thiocarbohydrazide 
followed by OsOͶ [͵ͷ] before dehydration through an alcohol series and critical point drying with CO�. After 
mounting on specimen support stubs, samples were sputter coated with platinum. Samples were examined 
with a JEOL ͸͹ͲͲ F cold field emission scanning electron microscope operating at ͵ or ͷ kV. Measurements 
were made on the longest row of stereocilia closest to the kinocilium.

Stereocilia length was estimated in ʹ Ͳ ȋcontrolȌ and ͳͳ ȋ��
�� cKOȌ independent experiments in tissue 
��������	����������������������
�� cKO mice, respectively. Only if the length of at least Ͷ stereocilia could 
be determined, the value was considered for the statistical analysis. Stereocilia length could be derived from 
a total of ͸Ͷ hair cells of control mice and ͸Ͷ hair cells of ��
�� cKO mice. A total of ʹ͹ʹ stereocilia and ͵Ͳͷ 
������������ ������������������ 	��� �������� ������
�� cKO mice, respectively. Stereocilia number per hair 
cell was counted in ͳʹ and ͳͶ independent experiments ȋcountingsȌ for ͷ control and Ͷ ��
�������������
respectively. Each stereocilia counting included at least Ͷ hair cells. From a total of ͺ͹ and ͳͲ͸ hair cells 
	������������������
�� cKO mice, a total of ͺʹͻͻ and ͹͸ʹͳ stereocilia could be counted, respectively

)mages were collected from the basal or middle turn of the cochlea, defined as BʹͲ/͵Ͳ% and ͷͲ/͸Ͳ% 
of the total length of the organ of Corti from the base. At each location, the hair bundles were viewed both 
from behind the longest row of stereocilia to view the height of the hair bundle as well as approximately 
perpendicular to the apical surface of the (C or toward the inner aspect of the bundle to examine its overall 
morphology and composition. To estimate bundle height, measurements were made from images at calibrated 
instrument magnifications of ʹͲ, ͲͲͲ or occasionally ͳͲ, ͲͲͲ. Although we might have underestimated the 
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actual stereocilia length, all efforts were taken to minimize the effect of parallax. Measurements were taken 
from bundles viewed from the lateral side toward the medial side ȋfrom the stria toward the modiolusȌ, 
so that the row of longest stereocilia were imaged from the Ǯrear.ǯ Samples were tilted and rotated so that 
the row of longest stereocilia was approximately perpendicular to the direction of view. Stereo-imaging 
was used in a few cases to gain an indication of possible errors in length measurements from ʹD images. 
From the anaglyphs generated by a pair of images separated by ͺ degrees of tilt, height measurements 
were obtained using analyS)S software. These revealed little difference in the height measurement from that 
obtained from the ʹD image of a stereocilium at close to perpendicular to its long axis. Measurements were 
made using )mageJ software.

���������������������
�������
����	
�������
Murine and rat cochlear tissues were prepared as whole-mounts or cryosections for the purpose 

of immunohistochemistry. Cochleae were isolated, fixed by immersion in ʹ% paraformaldehyde, ͳʹͷ 
mM sucrose in ͳͲͲ mM phosphate buffered saline, p( ͹.Ͷ, for ʹ h and then decalcified for Ͷͷ min in RDO 
rapid decalcifier ȋApex Engineering Products Corporation, Aurora, )L, USAȌ as described [͵ͳ, ͵͸, ͵͹], 
cryosectioned at ͳͲ µm and mounted on SuperFrost*/plus microscope slides ȋR. Langenbrinck Labor- u. 
Medizintechnik, Emmendingen, GermanyȌ at –ʹͲ°C. For whole-mount preparation, we dissected cochlear 
turns and mounted them on slides with the tissue adhesive Cell-Tek ȋBD Bioscience, Schwerte, GermanyȌ 
in PBS and performed phalloidin labeling as described [͵ͺ]. For immunohistochemistry and LacZ staining, 
mouse cochlear sections were stained as previously described [͵ͳ, ͵͹, ͵ͻ]. BK ȋKCaͳ.ͳȌ ȋrb, Alomone Labs, 
Jerusalem, )sraelȌ, CtBPʹ/R)BEYE ȋrb, American Research Products, Waltham, MA, USAȌ, KCNQͶ ȋrb, [ͶͲ, 
���, NfʹͲͲ ȋmsȌ, SKʹ ȋrbȌ, Kir.Ͷ.ͳ ȋmsȌ all three from Sigma, otoferlin ȋms, LifeSpan BioSciences, Seattle, WA, 
USAȌ, prestin ȋgt, Santa Cruz Biotechnology, Dallas, TX, USAȌ,�SoxͳͲ ȋgt, Santa Cruz biotechnology, Dallas, 
TX, USAȌ, VAMPʹ and brevican ȋmsȌ from BD Bioscience and vGLUTͳ ȋrbȌ both from Synaptic Systems 
ȋGöttingen, GermanyȌ, espin ȋms, Fisher Scientific, Schwerte, GermanyȌ, Gα
��
���
���α
�-specific antibodies 
[ʹͻ], and GFP ȋrb, Novus Biologicals, Littleton, CO, USAȌ were used as primary antibodies for localizing the 
respective proteins in the inner ear, see also �
�

��������������
�����������Table ͳ. All commercial antibodies 
were used as recommended by the manufacturers. Gα
��
���
���α
�-specific antibodies have been routinely 
validated with immunoblot and immunohistochemistry on wildtype and appropriate Gα
-deficient tissues 
[ͳͻ, ʹͻ, Ͷʹ]��For double labeling studies, both antibodies were simultaneously incubated for identical time 
periods. (air cell stereocilia bundles were visualized by fluorescent phalloidin labeling of F-actin ȋAlexa Fluor 
ͷ͸ͺ Phalloidin, Molecular Probes, Eugene, OR, USAȌ. Sections and whole-mounts were viewed as described 
[Ͷ͵] using an Olympus BX͸ͳ microscope ȋOlympus, (amburg, GermanyȌ equipped with epifluorescence 
illumination. )mages were acquired using an Olympus XMͳͲ CCD monochrome camera and analyzed with 
cellSens Dimension software ȋOS)S Gmb(, M“nster, GermanyȌ. To increase spatial resolution, slices were 
imaged over a distance of ͳͷ µm within an image-stack along the ����
����-stackȌ followed by ͵-dimensional 
deconvolution using cellSens Dimension built in algorithm.

���������������������
�����������
Liquid-frozen cerebellum and brain stem were homogenized in ͷͲͲ μl protein lysis buffer ȋʹͲ mmol/l 

Tris, p( ͺ.͵; Ͳ.͸͹% SDS; ʹ͵ͺ mmol/l ʹ-mercaptoethanol; Ͳ.ʹ mmol/l PMSFȌ. To achieve electrophoretical 
separation of Gα
 isoforms, separation was performed in gels containing ͸ M urea. The proteins were 
visualized by immunodetection using the following primary antibodies described elsewhere [ʹͻ]� ����
��
�
�
��α
��
� ȋ͹.ʹ ng/mlȌ, rabbit anti-Gα
� ȋͷͲ ng/mlȌ. Finally, to visualize equal loading membranes were 
stained with Amido black.

����������������������
���������	�����������
Data are presented as mean with standard deviation ȋSDȌ or mean with standard error of the mean 

ȋSEMȌ. )n the Figures, error bars are presented with and without caps for SD and SEM, respectively. Details 
for all statistical analyses are provided ȋsee online suppl. materialȌ in suppl. Table ʹ. )n brief: differences of 
the mean were compared for statistical significance pair-wise by studentǯs �-test ȋclick-ABR thresholds in 
Fig. ͳF and see online suppl. material, suppl. Fig.�ʹ; ABR slope in Fig. ͹B-C��
�������
�

��������������
����
suppl. Fig. ͵B��
��C; loss of ABR threshold over age in Fig. ͹�Ȍ or multiple comparisons ʹ-way ANOVA for 
factor ǲgenotypeǳ followed by �����	�� comparisons with Bonferroniǯs multiple comparison test ȋf-ABR in 
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Fig. ͳA�E; DPOAE thresholds and amplitudes in Fig. ʹ ;�
electrocochleography in Fig. ͷ; ribbon counting in 
Fig. ͸�; ABR amplitude )/O and latency )/O in Fig. ͹B�
��	�C and ȋsee online suppl. materialȌ suppl. Fig. ͵B�
��	�C; ABR wave )V/) ratios in Fig. ͹E���	���

������
�
suppl. materialȌ suppl. Fig. ͵�. Fisher’s exact test 
for associations was performed for ʹxʹ contingency 
tables ȋFig. ͳF, and stereocilia orientation in Fig. ͵BȌ. 
Non-parametric Mann-Whitney test was used to 
compare for statistical significance of stereocilia 
number and length in Fig. ͵E���	���

������
��������
materialȌ suppl. Table ͵. Unless otherwise noted, 
statistical significance was tested at the level of ͷ%. 
Level of significance is illustrated in the Figures with 
symbols or shaded areas ȋn.s. �> Ͳ.Ͳͷ; *�< Ͳ.Ͳͷ; 
���< Ͳ.Ͳͳ; ***�< Ͳ.ͲͲͳȌ and depicted in ȋsee online 
suppl. materialȌ suppl. Table ʹ. For Student´s ���
����
ʹ-way ANOVA Graph by Mann-Whitney test, and 
Kruskal-Wallis test Pad Prism ͸.Ͳͳ ȋGraphPad 
Software, )nc. La Jolla, CA, USAȌ was used. For the 
Fisher´s exact test the online tool of vassarstats 
ȋhttp://vassarstats.net/tabʹxʹ.htmlȌ was used.

��
�	�


Isoform–specific and redundant roles of 
Gα�� ������
�� ����
�	
���
�� ����������
���

����
	��
��
������
������	�
������

�

� ����������� ����
��
��
�� ���

deficiency for different Gα�� ��������� ����
auditory responses was explored by special 
hearing tests. The auditory brainstem 
response ȋABRȌ was measured in response 
to click and pure tone auditory stimuli in 
ͳ- to ͵-month-old mice with global ȋgȌ or 
conditional ȋcȌ absence of Gα�  and/or Gα�-��Conditional mouse mutants lacking one or 
both isoforms were generated by Cre-driven 
recombination using the Foxgͳ promoter 
[ʹ͹]. �
��� gKO ȋFig. ͳAȌ and �
���� ����
ȋFig. ͳBȌ mice both displayed tone-burst 
evoked ABR thresholds ȋf-ABRȌ and click-
evoked ABR thresholds ȋFig. ͳF, click-ABRȌ 
similar to controls, suggesting that Gα� � ���either dispensable for hearing or may be 
functionally substituted by remaining Gα��isoforms. )n contrast, �
��� gKO ȋFig. ͳCȌ 
��	��
��� cKO ȋFig. ͳ�Ȍ mice demonstrated 
a significant elevation of f-ABR and click-
ABR thresholds towards higher frequency 
regions. This suggests a selective role of Gα�-�particularly for these frequencies, which 
cannot be rescued by Gα� . )n order to identify 

����� �� ABR thresholds of gene-targeted �
��� ���
mice. ȋA-EȌ Frequency tone-burst-evoked ABR 
ȋf-ABRȌ thresholds, mean±SD from Ͷ to ͺ mice 
ȋnumber of ears in bracketsȌ�� ȋA,BȌ Frequency 
tone-burst-evoked ABR thresholds were not af�
fected in ȋAȌ global ȋgKOȌ and ȋBȌ tissue-specific 
ȋcKOȌ �
��ʹ KO mice. ȋC,DȌ (igh-frequency loss oc�
curs in ȋCȌ �
��� gKO and ȋDȌ cKO. ABR thresholds 
��� �
��͵ gKO and cKO are significantly elevated 
for stimulation frequencies above ͺ k(z ȋshaded 
areas, p< Ͳ.ͲͷȌ. ȋEȌ Profound ABR threshold loss 
was found in �
��ʹ/i͵ cKO mice over all stimulus 
��
��
���
���Arrows indicate ABR thresholds ex�
ceeding the maximum tested stimulus level. ȋFȌ 
Click-evoked ABR ȋclick-ABRȌ thresholds for the 
���
�����������������	
�
���������
�� ��	�������
��
���	��������	
�
���������
��������
�����
���������	
�
�
���������
��-���
	�����	��������	
�
���������
��-��
�����
�� ���	�������� 	����
� 	
�
����� ��� �
�����-��
greenȌ vs. their respective controls ȋwhiteȌ. n.s. not 
significant, ǲstarǳ p< Ͳ.Ͳͷ, ǲ***ǳ p< Ͳ.ͲͲͳ. Detailed 
�������������	
����
	�����see online suppl. materialȌ 
suppl. Fig. ʹ and suppl. Table ʹ.
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overlapping functions between Gα�� and Gα�� we next analyzed mice defective for both genes. 
As mice with a global deficiency for both ������ ��������� are embryonic lethal [ʹͻ] we 

�������������������
�Gnai͸/i͹ cKO mice that were viable and allowed inspection of hearing 
functions in the adult animal. Rather unexpectedly, Gnai͸/i͹ cKO mice were profoundly 
deaf ȋFig. ͳEȌ with click-ABR thresholds that consistently exceeded ͳͲͲ dB sound pressure 
level ȋSPL, root mean square weighted for click stimuli, SPL���Ȍ ȋFig. ͳF ����������
��������
��
�������
��suppl. Fig. ʹ Ȍ. )ndeed, in comparison to Gnai͸/i͹��������������������
��������
����	�


���
���������������
������ mutants were only significantly elevated while that of global or 
����������
������ mutants were normal ȋFig. ͳF ����������
��������
���������
��suppl. Fig. ʹ Ȍ.

������� DPOAE thresholds and DPOAEs amplitude )/O function in ��������������͵ gene-targeted mice. ȋA,BȌ 
O(C function in global and tissue-specific ����ʹ KO is not impaired. Mean±SD DPOAE thresholds ȋleft pan�
elsȌ and DPOAEs amplitude )/O function evoked by stimulus fʹ=ͳͳ.͵ k(z ȋright panelsȌ above noise floor 
ȋcrossesȌ for ����ʹ gKO ȋA, KOȌ and ����ʹ cKO mice ȋB, KOȌ and their respective controls ȋCtrȌ are similar. 
ȋC,DȌ )mpairment of O(C function at high-frequency regions in global and tissue-specific ���������������
Mean±SD DPOAE thresholds ȋleft panelsȌ and DPOAEs amplitude )/O function ȋright panelsȌ for ������
���
ȋCȌ and ����͵ cKO mice ȋDȌ, and their respective controls. DPOAE thresholds for stimulation frequencies 
above ͺ k(z are significantly elevated and DPOAE amplitudes were significantly reduced in KO mice com�
pared to the respective controls. ȋEȌ O(C function is lost in ����ʹ/i͵ cKO mice. Mean±SD DPOAE thresholds 
ȋleft panelsȌ and DPOAEs amplitude )/O function evoked by stimulus fʹ=ͳͳ.͵ k(z ȋright panelsȌ for ������
i͵ cKO and their respective controls. Remarkable loss of thresholds at most testing frequencies and reduc�
tion of amplitudes are evident. Grey-shaded areas represent statistically significant post-hoc comparisons 
with p< Ͳ.Ͳͷ after Bonferroni corrections. ǲn.s.ǳ and ǲ***ǳ indicate level of statistical significance p> Ͳ.Ͳͷ and 
p< Ͳ.ͲͲͳ, respectively. Data points represent the mean of ͸ to ͳͶ ears ȋnumbers in brackets close to legend 
keyȌ from Ͷ to ͹ mice ȋA-DȌ and ͵ to Ͷ ears from ʹ mice ȋEȌ.
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To validate the specific contribution of outer hair cells ȋO(CsȌ to this hearing threshold 
�


	�	��	�
������ mutant mice, distortion product otoacoustic emissions ȋDPOAEȌ thresholds 
were measured as a metric of intact O(C mechanoelectrical response [ͶͶ]. As expected from 
normal ABR thresholds seen in ������ ��������������cKO mouse models ȋFig. ͳA� ����BȌ 
normal input/output ȋ)/OȌ functions of emission amplitudes evoked by stimulus frequency 
fʹ=ͳͳ.͵ k(z were also observed in both ������KO lines ȋFig. ʹA�����BȌ. Global ȋFig. ʹCȌ and 
conditional ȋFig. ʹ�Ȍ ������KO mice had significantly elevated DPOAE thresholds at test 
frequencies from 8 to ʹʹ.͸ k(z ȋFig. ʹC���������	
�����	�Ȍ and exhibited reduced emission 
amplitudes at fʹ=ͳͳ.͵ k(z ȋFig. ʹC���������
�������	�Ȍ. Both observations indicate that the 
elevated hearing thresholds in these ���� mouse mutants ȋFig. ͳC� �����Ȍ are related to 
impaired mechanoelectrical O(C properties in high-frequency cochlear regions.

)n contrast to single ��������� ��������������Gnai͸/i͹ cKO mice displayed residual 
DPOAEs only for the highest stimulus intensities at fʹ=ͳͳ.͵ k(z with significantly reduced 
emission amplitudes ȋFig. ʹEȌ. This indicates that both Gα
� and Gα
����	�	��	��
���
����	��
���and that Gα
� can functionally replace Gα
� in low frequency but not in high frequency regions.

Furthermore, to specify the role of Gα
 for hair bundle organization we next examined 
the shape of O(C hair bundles in young ������gKO mice around hearing onset ȋPͳͳ-ͳʹȌ 
by using phalloidin staining to visualize actin in stereocilia ȋFig. ͵AȌ and categorized their 
shape in terms of the angle between the hair bundle arms ȋFig. ͵BȌ. A significantly higher 
number of O(Cs with wider V-shaped stereociliary bundles exceeding ͳͳͲ° was found in 
basal ȋhigh-frequencyȌ cochlear turns of ������ gKO compared to control mice whereas 
the visible differences were statistically insignificant in apical ȋlow-frequencyȌ cochlear 
turns. The quantification is shown in lower panel of Fig. ͵B. Scanning electron microscopy, 
performed in cochlear samples obtained at Pʹͳ from ������cKO confirmed abnormal bundles 
in basal but no obvious anomaly in apical ȋlow-frequencyȌ cochlear turns were found ȋFig. 
�C������Ȍ. Additionally, there were shorter and fewer stereocilia on O(Cs in basal cochlear 
�������
�������cKOs ȋFig. ͵E������		����
�	�����������	�
����suppl.Table ͵Ȍ. Gnai͸/i͹������	�
deficiency induced hair bundle shape abnormalities also in the apical cochlear turn ȋFig. ͵FȌ 
as shown by fluorescence microscopy using phalloidin and espin as stereocilia markers.

Next, we examined if the hair bundle abnormalities are linked to expression profiles of 
the different Gα
 isoforms. These abnormalities were restricted to higher frequency regions 

��������cKO mice whereas they extended over high and low frequency regions in Gnai͸/
���cKO mice. The expression profiles of Gα
� ȋFig. ͶA�����BȌ and Gα
� ȋFig. ͶC������Ȍ were 
analyzed by immunohistochemistry in whole-mount preparations of the rat cochlea. At Pʹ, 
Gα
� was detected in inner hair cell ȋ)(CȌ and O(C hair bundles throughout the cochlear 
length, while Gα
� immunoreactivity was restricted to the apical turn ȋFig. ͶA�����CȌ. At PͳͲ, 
both Gα
� and Gα
� expression was evident in the apical turn, while Gα
� dominated mainly in 
the basal turn ȋFig. ͶB������Ȍ. The strong expression of Gα
��
����
�������	��
���������
���frequency cochlear turns and the co-expression of Gα
� and Gα
�� 
����
�������	�� 
����
����lower-frequency cochlear turns thus support the idea that Gα
����	�����������
���	�
���������deficiency in basal cochlear turn, which may explain the distinct hearing deficits in �����
����	���������

Abnormal hair bundle elongation in the �����-deficient mice may lead to hearing deficits 
through dysfunctional mechanoelectrical transduction ȋMETȌ. The functionality of MET and 
the electrical potential from the subsequent initiated synchronous activation of the auditory 
nerve fibers can be captured by the steepness with which sound-induced compound action 
potentials of the auditory nerve ȋCAPȌ increase to escalating sound intensities and CAP 
threshold [Ͷͷ, Ͷ͸]. To address if a disruption of stereociliary bundle elongation in ���������
would impact the functionality of MET channels, we measured sound-induced CAP responses 

����	������	��������cKO and control mice. Best CAP thresholds of about ʹͲ dB SPL at ͳͳ.͵ 
k(z were found in control mice, and the growth functions for this stimulus frequency are 
shown in Fig. ͷA. ������cKO mice had significantly elevated CAP thresholds of >͵ͷ dB SPL and 
the CAP amplitude growth points to disturbed transduction of sound-induced mechanical 
signals ȋFig. ͷAȌ. On average, the CAP amplitude reduction in ������cKO mice was larger at 





 

800�
�

�

�������Pl�e����e��� ������

��������	�
����������������
����

� ���l����eC��C���� C���������� ����

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

e�	��
������81�©2�0����8���0�����h������2��2��
����0��
TTT���2��2��©��� �

Beer-Hammer et al.: Gα���2©1�� 0��2��� ��0 � 0������©2����2� �

������� Gα�� and Gα�� expression in the inner ear. ȋA-DȌ Surface view of whole-mount preparations of rat co�
chleae at Pʹ and PͳͲ. ȋA, BȌ Gα�� and ȋC,DȌ Gα�� labeling ȋgreen in upper panel and white in middle panelȌ in 
the actin-rich hair bundles labeled by phalloidin ȋpurple in upper panel and white in lower panelȌ. ȋA,CȌ At 
Pʹ, Gα�� ȋAȌ and Gα���ȋCȌ localizes at the tip of the O(C hair bundles in apical but only Gα����	��������
�������
turns, whereas ȋB,DȌ at PͳͲ Gα����� ȋBȌ and Gα���antibody ȋDȌ stains in )(Cs in the apical but only Gα����	�
���
basal turn. Scale bars 7µm. One representative animal of n=5 is shown.

$
DSLFDO

*D �L� SKDOORLGLQ
EDVDO

*
D

L�
S
K
D
OOR
LG
LQ

3�

,+&

2+&

2+&
2+&

3�

,+&

2+&

2+&
2+&

3�

2+&

2+&

,+&

3��
2+&

2+&

2+&

3��

DSLFDO
% *D �L� SKDOORLGLQ

EDVDO

2+&

3��

,+&

2+&
2+&

2+&

3��

*
D

L�
S
K
D
OOR
LG
LQ

&
3�

,+&

2+&

2+&
2+&

3�
DSLFDO EDVDO

*D �L� SKDOORLGLQ

*
D

L�
S
K
D
OOR
LG
LQ

,+&

2+&

2+&
2+&

3�

' *D �L� SKDOORLGLQ
DSLFDO EDVDO

2+&

2+&

3��

,+&

2+&

2+&

2+&

3��
2+&
3��

,+&

2+&

2+&

3��

*
D

L�
S
K
D
OOR
LG
LQ

,+&

2+&

2+&
2+&

,+&

2+&

2+&
2+&

,+&

2+&

2+&
2+&

,+&

2+&

2+&
2+&

,+&

2+&

2+&
2+&

,+&

2+&

2+&
2+&

,+&

2+&

2+&
2+&

,+&

2+&

2+&
2+&

2+&

2+&

,+&

2+&

2+&

2+& 2+&

,+&

2+&
2+&

2+&

2+&

2+&

,+&

2+&

2+&

2+&

2+&

,+&

2+&

2+&

2+&

2+&

,+&

2+&

2+&

2+& 2+&

,+&

2+&
2+&

2+&

2+&

2+&

,+&

2+&

2+&

2+&

2+&

,+&

2+&

2+&

)LJXUH����



 

80L�
�

�

�������Pl�e����e��� ������

��������	�
����������������
����

� ���l����eC��C���� C���������� ����

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

e�	��
������81�©2�0����8���0�����h������2��2��
����0��
TTT���2��2��©��� �

Beer-Hammer et al.: Gα���2©1�� 0��2��� ��0 � 0������©2����2� �

frequencies η ͳ͸ k(z ȋ~ͺͲ%Ȍ than at lower frequencies ζ Ͷ k(z ȋ~ͷͲ%Ȍ in comparison to 
age-matched controls ȋthese growth functions are not shown as extra FiguresȌ. Moreover, 
the CAP responses were ȋright-Ȍshifted to higher sound pressure levels in �����������
�
��
albeit with similar steepness of amplitude growth ȋslopeȌ from thresholds up to ͷͲ dB SPL 
compared to control mice ȋFig. ͷA, CAP, encircledȌ. (ence, mechanoelectrical currents in 
������cKO are likely to be functional in a limited response range but their sensitivity for 
activation seems to be impaired in high-frequency regions.

Failed activation of intact MET currents in high-frequency regions of �����������
�
�
was also confirmed by a barely detectable summation potential ȋSPȌ amplitude, that was 
�
���	
	�
��������cKO mice at the round window for ͳͳ.͵ k(z tone bursts as an estimate of 
whether MET channel currents are impaired [Ͷ͹] ȋFig. ͷB, SPȌ. Again, SP amplitude reduction 
was larger at higher ȋ~͹Ͳ% at ͳ͸ k(zȌ than at lower or middle frequencies ȋ~ͷͲ% at Ͷ-ͺ 
k(zȌ ȋthe growth function is not shown as extra FigureȌ. This assumption is supported by a 
failure to generate cochlear microphonic ȋCMȌ amplitudes upon increasing sound pressure 
levels in ������cKO mice ȋFig. ͷC, CMȌ. CM amplitudes are assumed to be proportional to the 
number of functional phasic MET currents from mainly basal-coil O(Cs [Ͷͺ]. Overall, these 
findings support hampered activation of functional MET currents in high-frequency cochlear 
���������������cKO mice to be causally related to hearing and hair bundle abnormalities.

)n conclusion, a close structural/functional relationship between impaired stereocilia 

������
��� ����� ���� deletion and impaired auditory responses is supported by ȋiȌ an 
overlap of hearing function deficit and Gα
�expression patterns in either higher frequency 
ȋGα
�Ȍ or lower frequency cochlear regions ȋGα
�/Gα
�Ȍ, and ȋiiȌ impaired CAP, SP and CM 
�����
���
��������cKO towards higher frequencies.

Specific Gαi͸/i͹�
����������������
�����������
�����������	�To obtain insight if the presumably impaired activation of MET currents might 
influence the maturation process of the hair cell phenotype in the high-frequency cochlear 
����� ������� cKOȌ or in all cochlear turns ȋGnai͸/i͹ cKOȌ we inspected key biomarkers 
for hair cell maturation ȋFig. ͸Ȍ. The motor protein prestin ȋFig. ͸A, left panel, greenȌ and 

������� Electrocochleography from gene-targeted ����͵ KO mice. ȋA-CȌ Electrocochleographic responses of 
����͵ cKO mice are reduced by >ʹ-fold confirming that the reduced cochlear output has its origin already 
at the receptor level ȋhair cell potentialsȌ. ȋAȌ Compound action potentials ȋCAPȌ - response from the audi�
tory nerve. The circle highlights the similar slope of close-threshold CAP response growth. ȋBȌ summating 
potentials ȋSPȌ - determent potential from all hair cells. ȋCȌ cochlear microphonics ȋCMȌ - receptor potential 
of O(Cs. Mean±SEM of Ͷ ears ȋͶ miceȌ. Differences of CAP, SP, and CM responses reach statistical significance 
at high stimulus levels ȋη͹ͲdB SPL, shaded areas, p<Ͳ.Ͳͷ, post-hoc pair-wise Bonferroni’s multiple com�
parison testȌ. ***p< Ͳ.ͲͲͳ for differences in factor genotype ȋʹ-way ANOVA for repeated measurementsȌ. 
�
��
�
	�����
��
��
��	
�
��
	�
���see online suppl. materialȌ �����������
���
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������� ABR amplitudes, latencies, wave )V to wave ) amplitude ratios, and ABR thresholds change over age 

�����������������
�
���������͵ KO mice. ȋAȌ )ndividual ABR waveform from control ȋCtr, blackȌ and ������
KO ȋred and purple lineȌ ͳ- to ͵-month-old mice with indicated wave ) and wave )V peak-to-peak amplitude 
ȋamplitudeȌ and leading peak latency ȋlatencyȌ. ȋB,CȌ ABR wave ) ȋupper panelsȌ and )V ȋlower panlesȌ 
amplitude )/O functions ȋleft panelsȌ with slope ȋinsetsȌ and wave ) and )V leading peak latency )/O func�
tion ȋright panelsȌ for ����͵ gKO ȋBȌ, ����͵ cKO ȋCȌ and respective control mice. Decrease of amplitudes, 
amplitude slope and increase of wave ) latencies are evident in the KO mice ȋshaded areas, p< Ͳ.ͲͷȌ. ȋDȌ 
Age-related loss of ABR thresholds to ͳͳ.͵ k(z stimuli for �������������������������
�	������	���	��
�����
months ȋtrianglesȌ and ͷ-͹ months ȋcirclesȌ. Progression of threshold loss occurs in both KO mouse lines 
ȋdashed linesȌ. The loss of ABR thresholds per month of age in ����͵ KO mice significantly exceeded the 
loss in control mice ȋgraph barsȌ. The loss of ABR threshold per month was significantly larger in ����������
�
�	������
������͵ cKO ȋstar, p<Ͳ.ͲͷȌ, and not significantly different between both control groups ȋn.s.Ȍ. 
Thresholds for individual ears are denoted by small symbols. ȋEȌ ABR wave )V/) ratios for �����������������
cKO and respective control mice. Significant elevation of wave )V/) ratios at middle to high stimulation levels 
is found only in ����͵ cKO mice. Mean±SEM ȋstraight error barsȌ or SD ȋerror bars with capsȌ from Ͷ to 9 
mice ȋnumber of ears in bracketsȌ.
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an altered number ȋFig. ͸�Ȍ of CtBPʹ/R)BEYE protein-labeled ribbon structures, though the 
statistical conclusion may be limited by the small sample size. Furthermore, a characteristic 
feature of immature )(Cs during normal development is the formation of an axosomatic 
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contact of efferent nerve fibers with the small conductance Ca +-activated K+-channel type ʹ 
ȋSKʹȌ at the base of )(Cs [ͷͶ-ͷ͸] ȋFig. ͸EȌ. With hearing onset ȋPͳͳ-ͳʹȌ, a reorganization 
of axosomatic efferent nerves on )(Cs occurs that is characterized by downregulation of 
SKʹ and upregulation of BK, both Ca +- and voltage-gated K+-channels ȋFig. ͸FȌ. BK channels 
carry ���
 currents that are essential to transform immature )(Cs ȋexhibiting spontaneous 
Ca +-spikesȌ to mature functional cells that are then able to respond to sound [ͷ͹, ͷͺ]. �
�
��
cKO )(Cs innervated by VAMP ʹ positive efferent nerves mature normally, i.e. lacking SKʹ 
at the base of otoferlin-positive cells ȋFig. ͸G, �����������Ȍ and normal BK expression in 
supranuclear position on )(Cs ȋFig. ͸��� lower panelȌ. )n contrast, in Gnai͸/i͹ cKO )(Cs 
an immature phenotype was observed along the entire tonotopic axis, characterized by a 
persistent expression of SKʹ ȋFig. ͸��������������Ȍ and a lack of BK expression ȋFig. ͸���
lower panelȌ at the basal pole of )(Cs. Since �
�
��KO mice show no )(C maturation defects 
and )(Cs from �
�
��cKO mice develop normally in spite of hair bundle defects, whereas 
)(Cs from Gnai͸/i͹ cKO remain in an immature stage, we conclude that Gα�  or Gα�2�
��
�����is required for final maturation of )(C synapses prior to hearing onset.

Function of Gα
��

��	����
��������
��������	����������������
�	�
����������
�
�

�������
���
�������
�����

��������
�����
����

Although )(Cs mature normally in �
�
��KO mice their hair bundles are defective ȋsee 

Fig. ͵B-EȌ and functionally impaired ȋsee Fig. ͳC,D,FȌ, and the cochlear output is diminished 
ȋsee Fig. ͷȌ. Therefore, we were interested whether central auditory processing is also 
affected and studied supra-threshold ABR wave amplitudes, which reflect the summed 
activity of the auditory nerve independent of O(C contribution to hearing thresholds.

Whereas �
�
��cKO mice showed normal early ȋABR wave )Ȍ and late ȋABR wave )VȌ 
����������� ���� �����
���� ��� ��������� ��� 
��
�� ������ �������� ����� ������� ������� ����������
suppl. Fig. ͵Ȍ, supra-threshold ABR wave ) amplitudes were significantly reduced in both 
�
�
��gKO ȋFig. ͹A�����BȌ and �
�
��cKO mice ȋFig. ͹A�����CȌ in comparison to controls. 
)n addition, the slopes of the amplitude growth functions were significantly weaker as 
compared to controls ȋFig. ͹B�����C����������
��������Ȍ. Moreover, a significant delay of the 
leading peak of ABR wave ) that recovered towards ABR wave )V became apparent ȋFig. ͹B�
����C��������������Ȍ. Reduced amplitude and response delay are consistent with the observed 
diminished cochlear output as we think is a consequence of impaired activation of )(C MET 
channels. This was accompanied by an accelerated threshold loss over age observed in ABRs 
at a stimulation frequency of ͳͳ.͵ k(z ȋand thresholds of DPOAE at fʹ=ͳͳ.͵ k(z, not shownȌ 
as seen in individual mice at different age, i.e. ͳ.ͷ-͵ months vs. ͷ.Ͷ-͹.ͷ months ȋFig. ͹�Ȍ. 
The rate of loss of ABR thresholds per month of age in �
�
��KO mice exceeded significantly 
the minor loss seen in control mice ȋFig. ͹�, bar graphsȌ. Furthermore, the progression of 
ABR threshold loss was significantly stronger in global �
�
��KO mice when compared to 
mice with conditional �
�
��deletion ȋFig. ͹�, bar graphȌ while no significant difference was 
found when comparing the progression for the respective controls ȋFig. ͹�, bar graphȌ.

Strikingly, the amplitude of ABR wave )V was disproportionally elevated in comparison 
to ABR wave ) in �
�
��
�����
��	�����������
�
��gKO ȋFig. ͹EȌ, indicating that conditional 
����������
��
�
� mainly restricted to the inner ear preserves a capacity to generate neural 
gain, while this function is mostly lost in global �
�
��KO mice. )n �
�
��KO mice showing 
����������������������Gnai͸/i͹ cKO being almost deaf this effect was not further analyzed. 
���� ��

������ 
���	�������� �
� ���	��� ���� 
����������� �
�
����� ��� ��������� 
������� �������
gain suggested that distinct Gα�2 expression patterns might be causally involved in the 
progression of the deviating functional phenotypes. )soform-specific antibodies detected 
Gα�2�����������������	�������������
���	��������������
����
�������	�������
�����
�
������
��
�������������������������������suppl. Fig. Ͷ, �����������Ȍ, whereas in the same tissues Gα���
�  immunoreactivity was unaffected ȋ����������������������������suppl. Fig. Ͷ, ������������Ȍ. 
We next searched for differences in the expression pattern of Gα�2 between �
�
�����������
�
�
��cKOs in retrocochlear regions possibly involved in neural gain generation at the level 
of the auditory nerve or its target neurons in the cochlear nucleus [ͷͻ, ͸Ͳ].
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At the level of the spiral ganglion neurons ȋSGNȌ Gα
� immunoreactivity was absent 

�������������������� 
��������cKO mice ȋFig. ͺAȌ. Also in target neurons of the auditory 
nerve in the cochlear nucleus ȋe.g. the bushy cells in the ventral cochlear nucleus, VCNȌ, 
which are identified through vGLUTͳ positive presynaptic contacts ȋFig. ͻ, greenȌ [͸ͳ], Gα
��antibody staining was detected in ������cKO ȋFig. ͻB, redȌ but not in ������gKO mice ȋFig. ͻA��
redȌ. Moreover, preliminary findings revealed reduced vGLUTͳ staining intensity in ������
gKOs ȋFig. ͻA, greenȌ in comparison to ������cKO mice and control mice ȋFig. ͻB, greenȌ. As 
previously described reduced vGLUTͳ expression goes along with reduced activity [͸ͳ], we 
suggest differences in vGLUTͳ activity of auditory nerves between both ��������������

To search for additional differences between ������ ���� ���� ������ cKO mice we 
compared the expression pattern of Gα
� with that of the Cre activity generated by the�Foxgͳ��	����
�	���	������	�	���	�������cKO mice. Lac Z staining of Foxgͳ��	��ROSA ʹ͸ animals 
showed Cre activity in the ball-shaped SGNs ȋFig. ͺB���
���	����	�Ȍ which correspond to the 
previously described expression of Foxgͳ [ʹ͹]. Gα
� expression was assigned to the bean-
shaped supporting satellite cells, which were characterized by SoxͳͲ expression ȋFig. ͺB��
�
�������	�Ȍ and colabelling with the marker KirͶ.ͳ [͸ʹ, ͸͵] ȋFig. ͺB� ����CȌ surrounding 
the NfʹͲͲ positive SGNs ȋFig. ͺB� ���� ��� �	
�� ���	�Ȍ. Furthermore, Gα
�� 	���	��
��� 
��	�
�was encircled by the perineuronal net marker brevican [͸Ͷ] ȋFig. ͺB� ������� �
�������	�Ȍ. 
)mportantly, expression of Gα
� in satellite cells is evident in ������������������
������������
mice and hence could contribute to auditory neural gain only seen in ����������

Taken together, our findings have various implications on the role of Gα
� ����	
������regulators of auditory functions and can be summarized by four key observations ȋFig. ͳͲȌ. 
ȋͳȌ (air bundles in low-frequency regions are shaped by Gα
� and/or Gα
� whereas their 
correct formation in high-frequency regions only depends on Gα
� ȋFig. ͳͲAȌ. ȋʹȌ At least one 
Gα
 isoform is required to trigger the final maturation of )(C synapses ȋFig. ͳͲBȌ. ȋ͵Ȍ )n low-
frequency regions the deletion of either Gα
� or Gα
� has no hearing phenotype, whereas in 
high-frequency regions Gα
� is required for appropriate hearing ȋFig. ͳͲCȌ. ȋͶȌ Expression of 
Gα
� in satellite cells of the cochlea and/or auditory neurons in the brainstem associates with 
neural gain adjustment ȋFig. ͳͲ�Ȍ.

����������

The present study unravels specific auditory functions of different Gα
� ����	
���� ��	�binding partners of Gpsmʹ, which are known as evolutionary highly conserved determinants 
of cell polarity, asymmetric cell division, or planar cell polarity [ͳͳ, Ͷʹ]. The present data 
provide evidence to discriminate between so far elusive functions of Gα
� and Gα
� for ȋͳȌ 
shaping polarity and length of hair bundles in different cochlear regions, and ȋʹȌ also 
uncover new functionally relevant actions of Gα
� and Gα
� for final differentiation of inner 
hair cell ȋ)(CȌ synapses, and ȋ͵Ȍ suggest Gα
� to be important for central auditory adaptation 
����	��	��

Gα�� and Gα������������
�����	��Using various ���� mutant mouse lines we demonstrate that deficiency for Gα
����������Gα
� produces high-frequency hearing loss, whereas the absence of both isoforms results in 
profound deafness resembling the phenotype seen in ���
� mouse mutants [ͳͻ, ʹ͵].

Lower numbers and reduced elongation of stereocilia in high frequency cochlear turns 
in outer hair cells ȋO(CsȌ of ������cKO mice and stereociliary elongation defects in )(C in 
basal turns [ͳͻ] correlated with the deficiency for ������in high frequency cochlear regions 
and high frequency hearing threshold loss. )n contrast, due to an overlapping expression 
profile of Gα
� and Gα
� proteins we observed reduced numbers and impaired elongation 
of stereocilia together with low-frequency hearing threshold loss exclusively in the Gnai2/
���cKO mice which are deficient for both proteins. These findings uncover an unexpected 
difference of Gα
� and Gα
� functions for shaping size and length of hair cell stereociliary 
bundles specifically along the tonotopic axis and suggest selective Gα
��
����
����
����	��
���
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low and high pitch sounds. )n this context the existence of frequency-specific complexes of 
either Gα
� or Gα
� together with actin regulatory proteins ȋsuch as espin, radixin, TR)OBP or 
twinfilinȌ [͸ͷ-͸͹] or with hair cell-specific myosins ȋMyosin ͳc, ͵a, ͸, ͹a and ͳͷaȌ [͸ͷ, ͸ͺ] 
or proteins such as Epsͺ ȋactin-binding protein epidermal growth factor receptor pathway 
substrate ͺȌ [ͷͷ, ͸ͻ], whirlin [ͳͻ] and proteins associated with the mechanoelectrical 
transduction ȋMETȌ [͹Ͳ] may be considered.

The failure of proper activation of functionally intact MET may be explained through 
�������������������
�
	���
���	�	��
�
��
��������KO mice, such as shorter hair bundles. )ndeed, 
we have several implications that MET are functional: ȋiȌ normal slopes but reduced CAP 
����
���	��
������� cKO mice point to functional MET currents [͹ͳ] ȋiiȌ reduced summated 
potential ȋSPȌ amplitudes indicating functional MET currents although the activation of those 
seems to be hampered [Ͷ͹] ȋiiiȌ the deficient growth of cochlear microphonics ȋCMȌ typically 
seen upon insufficient responses of MET currents to sound caused by an inappropriate 
activation of the MET channels [͹ʹ] and ȋivȌ the shallower slopes of the amplitude growth 
functions of early and late ABR waves at moderate sound intensities observed in global and 
����
�
�����������KO mice point to reduced sensitivity to sound [͹͵]. The overall findings 
thus suggest a failure of functionally intact MET activation in ������KO mice following e.g. 

��������
��	� �����
��� �
� �����	�� ��� �
������
�	�� ��	�	��
�
�� ��� ��	� �	����
����	�����	��
Reduced length of stereocilia despite normal biophysical properties of MET currents is also 
discussed for Epsͺ mutants [ͷͷ]. Epsͺ shapes stereocilia length together with Usher protein 
candidates such as whirlin or myosin ͳͷ along the entire tonotopic axis [͹Ͷ]. Deletion of 
the EpsͺLʹ, a member of the Epsͺ-like protein family, causes deafness [ͷͷ, ͸ͻ] similarly to 
Gnai͸/i͹ cKO. Strikingly, the deletion of Epsͺ induced progressive high-frequency hearing 
loss [͹ͷ] similar to the phenotype observed here in ������KO mice. Further studies will clarify 
whether Gα
 protein expression and/or signaling depends on Epsͺ or ���	��	���. Moreover, 
it remained open in which signaling pathways Gα
 integrates in the inner ear. Aside from 
classical GPCR-driven canonical pathways non-canonical mechanisms should be considered 

��
����	�����
	��

Gα�� and Gα��������	��������������
�����������	�)(Cs of Gnai͸/i͹ cKO mice remain immature along the entire tonotopic axis as judged 
from a failure to upregulate BK and downregulate SKʹ channels. Since ����� mutants develop 
a normal post-hearing )(C structural phenotype, the impairment of stereocilia elongation 
�	���	 is unlikely the cause of the developmental block of )(C maturation. Deafness by itself 
does not prevent )(C maturation of Gnai͸/i͹ �����
�	����������	��������	��
�����
����
����
of hereditary deafness that do not prevent proper )(C maturation; for example the absence 
of thyroid hormone leads to deafness, but )(Cs gradually develop after ʹ months [͹͸-
͹ͺ], whereas )(C maturation is still absent in Ͷ- to ͷ-month-old Gnai͸/i͹ �����
�	����	�
immature )(C phenotype of Gnai͸/i͹ cKO mice may rather be considered in the context of 
a redundant Gα
�/Gα
� activity that acts together with myosin ͸ e.g. on pruning of connected 
fibers. Accordingly a timely elimination of axosomatic efferent contacts [ͷͶ-ͷ͸], coincides 
with the initiation of biophysical maturation in )(Cs [͹ͻ] ȋsee for a review [ͷͺ]Ȍ. Myosin ͸ 
mutants show not only a defective structural integrity of the hair bundle but also an impaired 
post-hearing )(C maturation that includes the failure to properly target BK channels [ͺͲ, 
������
�
�������Gnai͸/i͹ ����

Gα������	��	����
�
����	����
��������������	�����An unexpected finding was a reduced compensatory neural gain in the ��������������
���� 
�� ��	�������cKO mice that came along with a significantly accelerated worsening of 
hearing thresholds over age. For the auditory system, it was shown that the peripheral loss 
of response to sensory stimuli due to traumatic events, aging processes or genetic defects 
among others triggers central gain adjustment in order to re-stabilize the network through 
a disproportional elevation of the neuronal firing rate [͵ͳ, ͺʹ, ͺ͵]. (ow target neurons of 
auditory nerve fibers, likely to be present in the dorsal [ͷͻ] or ventral [ͺͶ] cochlear nucleus 
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ȋDCN, VCNȌ, sense nerve deprivation and re-stabilize their firing rate proportional to sensory 
decline is entirely elusive.

The finding that central compensation fails in ����	�
������������������	��������������
comparable hearing threshold deficits, is surprising. )t is tempting to speculate that GȽ���expressing auditory neurons that may correspond to target cells of auditory nerves ����
their vGLUTͳ positive contacts [ͺͷ] may participate in generation of compensating central 
hyperactivity. )ndeed, GȽ-GȾγ signaling has been shown to modulate basic G protein-
activated K�-channel G)RK [ͺ͸] in response to e.g. GABABR mediated ȋGABA ǲspilloverǳȌ 
activation from neighboring sites and thereby triggers elevated firing rates through shunting 
of excitatory currents [ͺ͹]. )nterestingly, following noise exposure elevated firing rates in 
the cochlear nucleus ȋCNȌ are accompanied by a modification of GABABR [ͺͺ, ͺͻ]. )n this 
context preliminary findings of lower vGLUTͳ immunoreactivity in ����	�
������������	�
cKO mice may be indicative for less active transmitter release sites, as previously suggested 
[͸ͳ]. Additionally, the absence of GȽ���������������������

������

���	���������
������

���
��������� ����������
�����	 mutants ȋFig. ͺAȌ may lead to a differential excitability of cochlear 
neuronal cells as has been observed for the brain [ͻͲ, ͻͳ]. )ndeed, dysfunction of satellite 
cells has been shown to accelerate hearing loss over age and delays ABR wave ) responses in 
high-frequency hearing loss [ͻʹ] as seen here for ����	����

GȽ� proteins and in particular the GȽ�� isoform have been previously linked to control 
asymmetric cell division and hair cell bundle polarity in the inner ear [ͳ͸, ͳ͹, ͳͻ, ʹ ͵]. Beyond 
that, our present findings indicate redundant functions of GȽ�� and GȽ�� for final maturation 
of synapses and low frequency hearing, whereas GȽ�����������������
��	�������
�����
��������bundle shaping, high frequency hearing, and homeostatic excitability changes in the brain. 
As a consequence, GȽ� cell functions are not only pathophysiologically important for hearing, 
but should also be considered in the context of novel functions for the sensory synapse and 
�������
���		����������������������

�
	�����
	

From invertebrates to mammals, GȽ� proteins are involved in regulation of mitotic 
spindle dynamics, cell division, polarity, growth, and differentiation. We show for the 
sensory cells in the cochlea that the action of GȽ��members is not limited to cilia movements 
or regulation of mitotic spindle dynamics in early development, but that distinct isoforms 
differentially account for early and later developmental steps. )n particular GȽ�������������Ȍ 
shape stereociliary bundles isoform-specifically, ���� act on differentiation of synapses during 
critical rewiring periods and ����� allow for central adaptive neural gain responses.

��������
�
	�

ABR ȋauditory brainstem responseȌ; AGS ȋactivators of G-protein signalingȌ; BK ȋCa����
and voltage-activated K�-channels of the BK typeȌ; CAP ȋcompound action potentialȌ; CN 
ȋcochlear nucleusȌ; CM ȋcochlear microphonic potentialȌ; cKO ȋconditional deletionȌ; 
dB ȋdecibelȌ; DCN ȋdorsal cochlear nucleusȌ; DPOAE ȋdistortion product otoacoustic 
emissionsȌ;� ES ȋembryonic stem cellsȌ; Epsͺ ȋactin-binding protein epidermal growth 
factor receptor pathway substrate ͺȌ; fͳ ȋDPOAE primary tone ͳ frequencyȌ; fʹ ȋDPOAE 
primary tone ʹ frequencyȌ; GFP ȋgreen fluorescent proteinȌ; gKO ȋglobal deletionȌ; GȽ ȋȽ 
subunit of G-proteinsȌ; GD) ȋguanine nucleotide dissociation inhibitorȌ; G)RK ȋG protein-
coupled inwardly-rectifying potassium channelsȌ; Gnai ȋgene coding for GȽ subunitȌ; GPCR 
ȋG-protein-coupled receptorsȌ; Gpsmʹ ȋG protein signaling modulator ʹȌ; )(C ȋinner hair 
cellsȌ; )/O ȋinput/output functionȌ; KirͶ.ͳ ȋinward rectifying potassium channelȌ; MET 
ȋmechanoelectrical transductionȌ; NfʹͲͲ ȋneurofilament ʹͲͲȌ; n.s., not ȋsignificantȌ; O(C 
ȋouter hair cellȋsȌȌ; PTX ȋPertussis ToxinȌ;�SD ȋstandard deviationȌ; SEM ȋstandard error of 
the meanȌ; SGN ȋspiral ganglion neuronȌ; SKʹ ȋsmall conductance Ca��-activated K��������
�
type ʹȌ; SP ȋsummation potentialȌ; SPL ȋsound pressure levelȌ; VAMP ʹ ȋvesicle-associated 
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membrane protein ʹȌ; VCN ȋventral cochlear nucleusȌ; vGLUT ͳ ȋvesicular glutamate 
transporter ͳȌ.
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�MUU���� E������MP��D ��S ��E�S ���� ��E�N�E�S �S��E����α�p��� � ��

ȋ�Ȍ The organization of part of the murine ���
� genomic locus ȋtopȌ, the linearized targeting vector 

ȋupper middleȌ, and the targeted ���
� allele before ȋlower middleȌ and after ȋbottomȌ deletion of the 

����	� resistance cassette are shown. The ����	� resistance cassette was inserted into intron ͸ of the 

���
� gene. Exon sequences are represented by filled rectangles, intron sequences by a black line. 

Restriction sites are Pst) and Bam() and the relevant restriction fragments for detection of the WT or 

targeted alleles are shown. The location of the probe fragments for Southern blot hybridization is 

indicated as ͷ’ fp, ͵’ fpͳ and ͵’ fpʹ.  

ȋ�Ȍ PCR strategy. The deletion of the floxed exon ͸ of ���
� was induced by breeding of conditional 

���
�fl/fl mice ȋCͷ͹BL/͸-SvͳʹͻȌ on an E))a-Cre-positive background. The E))a-Cre mouse line 

expresses the Cre recombinase under the control of the adenovirus Ella promoter in the early mouse 

embryo resulting in a general deletion of the floxed sequence.  

ȋ�Ȍ Genotyping PCR was performed from tail biopsies of the indicated mouse strains ȋEx͸-F↔Ex͹-R: 

���
�fl/fl=ͷ͵Ͷ bp, ���
�+/+=ͷͲͲ bp; )nt-F↔Ex͹-R: ���
�fl/fl=͵ͷͲbp, ���
�+/+=ͺͲͲ bp; E))a-Cre=ʹͻͳ bpȌ. 

�MUU���� E������MP��u  �����F����E�P�L�S��L�S���� �FE�P��E��������
������  

Click-evoked ABR ȋclick-ABRȌ thresholds for the mice mutants ȋglobal deletion of ���
�, dark blue, 

conditional deletion of ���
�, light blue, global deletion of ���
�, red, conditional deletion of ���
�, 

purple, conditional double deletion of ���
��
�, greenȌ ��. their respective controls ȋwhiteȌ. (orizontal 

and vertical bars represent mean and SD, respectively. Circles indicate single ear thresholds. n.s. not 

significant, ***
< Ͳ.ͲͲͳ ʹ-sample student’s t-test, �p< Ͳ.Ͳͷ Fisher’s exact test. 

�MUU���� E������MP��p  ������U��EM��LA���E� ���LA�� �������F����T�N��	��ES�T�N��	���U��EM���

P�E�SL�GT�N��	�I	�P�E�SR�� ��S ��E�S ���������
������ ��

ȋ�Ȍ ABR waveform with the indication of wave ) and )V peak-to-peak amplitude and the leading peak 

latency from one individual ear of a control mouse ȋblack lineȌ and a KO mouse ȋcolored lineȌ evoked 

at the level of ͶͲ dB above the hearing threshold are shown.  
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ȋ�Ȍ Mean±SEM click-ABR wave ) amplitude ȋleft panelȌ, mean±SD wave ) leading peak latency )/O 

function ȋright panelȌ, and mean±SD of wave ) amplitude slope ȋinset of left panelȌ for ����	�cKO mice, 

and their respective controls. Amplitudes, amplitude slopes, and latencies are similar in KO mice and 

controls. Mean values of the amplitude slopes are shown above the corresponding bars in the insets.  

ȋ�Ȍ Mean±SEM click-ABR wave )V amplitude ȋleft panelȌ, mean ± SD wave ) leading peak latency )/O 

function ȋright panelȌ, and mean±SD of wave )V amplitude slopes ȋinset of left panelȌ for ����	�cKO 

mice and their respective controls. Amplitudes, amplitude slopes, and latencies are similar between 

KO mice and controls. Mean values of the amplitude slopes are shown above the corresponding bars 

in the inset of the left panel.  

ȋ�Ȍ Mean±SEM click-ABR wave )V/) ratios at increasing stimulus level for the ����	�cKO and their 

respective controls. Data points represent the mean of 8 to ͳͲ ears ȋnumbers in brackets close to 

legend keyȌ from Ͷ to ͷ mice. 

�����	�	������
���	��������	��
����
��α
��
����	�������

Representative immunoblots of brain stem ȋBSȌ and cerebellum ȋCBȌ homogenates isolated from 

control and ����
�gKO mice. Gαi͵ protein is completely absent in ����
�gKO BS and CB tissue ȋupper 

panelȌ, whereas Gαiͳ and Gαiʹ proteins were detectable in control and ����
�gKO mice ȋlower panelȌ. 

ͳͲ µg protein per lane were loaded. The membrane was first stained with the Gαi͵ antibody, stripped 

and subsequently stained with the Gαiͳ/iʹ antibody. To control equal loading, the membrane was 

stained with Amido black. As Amido black is stained after the incubation with the specific antibodies, 

the Gαi-bands detected with the antibodies are very strong, but looking at the total lane, an equal 

loading is visible. Brain stem and cerebellar tissues from ͵ animals per genotype were analyzed in ͵ 

independent experiments. For size orientation protein standards were loaded ȋBioRad Precision Plus 

Protein Standard Dual Colour, and Nippon Genetics BlueStar PLUS Prestained Protein StandardȌ. 
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	����
�
�����
�����������	�

	����
�
�����
���
���Resource data for Materials.  

	����
�
�����
���
���Statistical information and n numbers.�

	����
�
�����
���
���Stereocilia length and number in basal cochlear turns of outer hair cells of 

Ctr and �	��� cKO mice. ��������	�����	
�

��
��
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�������� ����
�� ������
����

����	������

BK, ͳ:ʹͲͲ rb, Alomone Labs, 
erusalem, )srael ͓APC-Ͳʹͳ 

CtBPʹ/R)BE�E, ͳ:ͳ,ͷͲͲ rb, American Research Products, Waltham, MA, USA ͓ͳͲ-PͳͷͷͶ 

KCN�Ͷ, ͳ:ͷͲ rb, generated by Knipper lab ȏͶͳȐ ȏͶͲȐ  

NFʹͲͲ, ͳ:ͺ,ͲͲͲ ms, sigma ͓NͲͳͶʹ 

SKʹ, ͳ:ͷͲ rb, sigma ͓PͲͶͺ͵ 

otoferlin, ͳ:ͳͲͲ ms, LifeSpan BioSciences, Seattle, WA, USA ͓LS-C ͳͷ͵͵͵͹ 

prestin, ͳ:ʹͷͲ gt, Santa Cruz Biotechnology, Dallas, T�, USA ͓SC-ʹʹ͸ͻʹ 

VAMP ʹ or Synaptobrevin-ʹ, ͳ:ʹͲͲ ms, Synaptic Systems, GÚttingen, Germany ͓ͳͲͶʹͳͳ 

vGLUT ͳ, ͳ:ͳ,ͷͲͲ gp, Synaptic Systems, GÚttingen, Germany ͓ͳ͵ͷ͵ͲͶ 

espin, ͳ:ͳͲͲ ms, Fisher Scientific, Schwerte, Germany; BD Biosciences ͓BDB͸ͳͳ͸ͷ͸ 

Gα iͳ/iʹ-specific antibodies, ͳ:ʹͲͲ Charles River, Squarix customer made for Nòrnberg lab  ȏʹͷ, ʹ͸, ʹͻȐ 

Gα i͵-specific antibodies, ͳ:ͳͲͲ ͹Biosciences, customer made for Nòrnberg lab ȏͳͻ, this studyȐ ȏͳͻȐ 

Alexa Fluor ͷ͸ͺ Phalloidin, ͳ:ͶͲͲ Molecular Probes, Eugene, OR, USA ͓ͳʹ͵ͺͲ 

KirͶ.ͳ, ͳ:ͳͲͲ ms, Sigma ͓W(ͲͲͲ͵͹͸͸Mͳ 

brevican, ͳ:ͳͲͲ ms, BD-Biosciences ͓͸ͳͲͺͻͷ 

GFP, ͳ:ͶͲͲ rb, Novus Biologicals, Littleton, CO, USA ͓NB-͸ͲͲ͵Ͳͺ 

�����
���������������������
��	�������������� 

Dulbecco’s modified Eagle’s medium  )nvitrogen, Carlsbad, CA, USA Ͷͳͻ͸͸-Ͳʹͻ 

Glutamine  Seromed, Wien, Austria K Ͳʹͺ͵ 

Penicillin/streptomycin Seromed, Wien, Austria A ʹʹͳ͵ 

Leukemia inhibitory factor own production N/A 

ʹ-Mercaptoethanol )nvitrogen ͵ͳ͵ͷͲ-ͲͳͲ 

Fetal bovine serum  Pan Biotech, Aidenbach, Germany P͵Ͳ-͵͵ͲͲ 

GͶͳͺ Seromed, Wien, Austria A ʹ͹ͳʹ 

Ganciclovir ȋCymevenȌ Syntex ͳͳͷͷ͸ͳ 

Bam() Roche ͓ͳͲ ʹʹͲ ͸ͳʹ ͲͲͳ 

Pst) Roche ͓ͳͲ ͸ʹͳ ͸ʹͷ ͲͲͳ 

paraformaldehyde Merck  ͓ͳ.ͲͶͲͲͷ.ͳͲͲͲ 

sucrose Merck ͓ͳ.Ͳ͹͸ͷͳ.ͳͲͲͲ 

phosphate buffered saline G)BCO ͓Cat.No.ͳͺͻͳʹ-
ͲͳͶ 

Tris Roth ͷͶʹͻ.ʹ 

SDS Roth ʹ͵ʹ͸.ʹ 

ʹ-Mercaptoethanol Merck ͶʹͲͳͻ͵͹ 

PMSF Calbiochem ͷʹ͵͵ʹ 

Urea Sigma ͷͳͶͷ͸ 
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�����
���������
���������� 

RDO rapid decalcifier Apex Engineering Products Corporation, Aurora, )L, USA; 
German costumer, MED)TE  

͓Ͷͳ-ͷ͹ͳͳ-ͲͲ 

�������������������������������
������ 

Cͷ͹BL/͸ blastocysts isolated from Cͷ͹BL/͸N 
mice 

Charles River N/A 

Ella-Cre mice ȋB͸.FVB-TgȋE))a-
creȌCͷ͵͹ͻLmgd/
Ȍ 


ax mice ͲͲ͵͹ʹͶ 

FoxGͳ-Cre mice  
ȋB͸.ͳʹͻPʹȋCgȌ-FoxgͳtmͳȋCreȌSkm/
 


ax mice ͲͲ͸ͲͺͶ 

�����-ko mice Lutz Birnbaumer, N)( ȏ͵ͲȐ N/A 

�����-ko mice  Lutz Birnbaumer, N)(, ȏʹͶ, ʹͻȐ N/A 

�����-flox mice Lutz Birnbaumer, N)(, ȏʹͷ, ʹ͸Ȑ N/A 

�����-flox mice Nòrnberg lab ȏthis studyȐ N/A 

�����-GFP mice Cyagen Biosciences, USA for Nòrnberg lab ȏthis studyȐ N/A 

�������
�������� 

ͷ’-GCAATTATCTTTTGTGTGGC-͵’ ȋEx͸-FȌ Biomers, Ulm, Germany N/A 

ͷ’-ATGCTGTCAAACAATTTCATGC-͵’ ȋEx͹-RȌ Biomers, Ulm, Germany N/A 

ͷ’-TAGCAGTTGTCATGGCTACC-͵’ ȋ)nt-FȌ Biomers, Ulm, Germany N/A 

ͷ’-GGCTATGATCCCAAAACTCCCCG-͵̵ ȋforȌ Biomers, Ulm, Germany N/A 

ͷ’-GTGGTAAGCCTGTGTTTGTGAGAG-͵’ ȋrevȌ Biomers, Ulm, Germany N/A 

	�
������������ 

eGFP-cDNA Clontech, Takara, USA N/A 

pBluescript Agilent technologies, Santa Clara, USA N/A 

������   

cellSens Dimension software OS)S Gmb(, Mònster, Germany ȏͶ͵Ȑ 

LabWindows CV) National )nstruments, Austin T�, USA Ver. ͺ 
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�	�����
�
�

���������� �������
��
�	���

����
�� ����	��	��

Fig. ͳA  f-ABR Gnaiʹ gKO Ͷ mice 
ͳ♂, ͵♀/ 
genotype 

p = Ͳ.ʹʹ͵
Fȋͳ, ͷͺȌ = ͳ.ͷʹ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ͳB f-ABR Gnaiʹ cKO  Ctr: ͸ mice, ʹ♂, 
Ͷ♀ 
KO: ͹ mice, ͵♂, 
Ͷ♀ 

p = Ͳ.ͻ͵͵
Fȋͳ, ͹ͲȌ = Ͳ.ͲͲ͹ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ͳC f-ABR Gnai͵ gKO Ctr: ͹ mice, ͷ♂, 
ʹ♀ 
KO: ͺ mice, ͸♂, 
ʹ♀ 

p < Ͳ.ͲͲͲͳ
Fȋͳ, ͳͳͲȌ = ͳͶ͸ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ͳD f-ABR Gnai͵ cKO Ctr: ͺ mice, ͸♂, 
ʹ♀ 
KO: ͺ mice, ͷ♂, 
͵♀ 

p < Ͳ.ͲͲͲͳ
Fȋͳ, ͳʹ͹Ȍ = ͳ͵ʹ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ͳE f-ABR Gnaiʹ/i͵ cKO Ctr: ͷ mice, ͵♂, 
ʹ♀ 
KO: Ͷ mice, ʹ♂, 
ʹ♀ 

p< Ͳ.ͲͲͲͳ Fisher’s exact test 

Fig. ͳF click-ABR Gnaiʹ gKO Ͷ mice: ͳ♂, 
͵♀/genotype 

p = Ͳ.͸ͳͻ, t = Ͳ.ͷͳ, df = ͳͶ ʹ-tailed unpaired StudentƲs t-test 

 click-ABR Gnaiʹ cKO Ctr: ʹ♂ 
mice/KO: ͵♂ 
mice 

p = Ͳ.ͻ͹͵, t = Ͳ.Ͳ͵, df = ͺ

 click-ABR Gnai͵ gKO Ctr: ͹ mice, ͷ♂, 
ʹ♀ 
KO: ͺ mice, ͸♂, 
ʹ♀ 

p < Ͳ.ͲͲͲͳ, t = ͳͲ.ͷ, df = ʹͺ

 click-ABR Gnai͵ cKO Ctr: ͺ mice, ͸♂, 
ʹ♀ 
KO: ͺ mice, ͷ♂, 
͵♀ 

p < Ͳ.ͲͲͲͳ, t = ͷ.Ͳͻ, df = ͵Ͳ

  click-ABR Gnaiʹ/i͵ cKO Ctr: ͷ mice, ͵♂, 
ʹ♀ 
KO: Ͷ mice, ʹ♂, 
ʹ♀ 

p < Ͳ.ͲͲͳ Fisher’s exact test 

Fig. ʹA  DPOAE Gnaiʹ gKO Ͷ mice: ͳ♂, 
͵♀/genotype 

Thr: p = Ͳ.ͷͻ, Fȋͳ, ͻͺȌ = Ͳ.͵
)/O: p = Ͳ.ͻʹ, Fȋͳ, ͳͻ͸Ȍ = Ͳ.͸Ͳ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ʹB DPOAE Gnaiʹ cKO Ctr: Ͷ mice, ʹ♂, 
ʹ♀ 
KO: ͷ mice, ͵♂, 
ʹ♀ 

Thr: p = Ͳ.͸ͳ, Fȋͳ, ͺͶȌ = Ͳ.ʹ͸
)/O: p = Ͳ.ʹͺͻ, Fȋͳ, ʹͳͲȌ = 
ͳ.ͳ͵ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ʹC DPOAE Gnai͵ gKO Ctr: ͷ mice, Ͷ♂, 
ͳ♀ 
KO: ͷ mice, ͵♂, 
ʹ♀ 

Thr: p < Ͳ.ͲͲͲͳ, Fȋͳ, ͳͳͺȌ = 
ʹ͵.͸ 
)/O: p < Ͳ.ͲͲͲͳ, Fȋͳ, ͵ͳͺȌ = 
ͳʹͳ

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ʹD DPOAE Gnai͵ cKO Ctr: ͹ mice, ͷ♂, 
ʹ♀ 
KO: ͹ mice, Ͷ♂, 
͵♀ 

Thr: p < Ͳ.ͲͲͲͳ, Fȋͳ, ͳͺʹȌ = 
ͳͲ͵ 
)/O: p < Ͳ.ͲͲͲͳ, Fȋͳ, ͵ͶͺȌ = 
ͳʹͲ.͸

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ʹE DPOAE Gnaiʹ/Gnai͵
cKO 

Ctr: ʹ mice, ͳ♂, 
ͳ♀ 
KO: ʹ ♀ mice

Thr: p < Ͳ.ͲͲͲͳ, Fȋͳ, ͵ͷȌ = 
ͺͲ.͵ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Ctr: ͷ mice, ͵♂, 
ʹ♀ 
KO: Ͷ mice, ʹ♂, 
ʹ♀ 

)/O: p < Ͳ.ͲͲͲͳ, Fȋͳ, ͳ͸ͻȌ = 
͵ͷ͸ 
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Fig. ͵B Shape of O(C 
stereocilia ȋangleȌ 
Gnai͵ gKO ȋ͵ʹ-͵͸ cellsȌ 
Gnai͵ Control ȋʹ͸-ʹͻ 
cellsȌ 

n=��� 
 
n=� 
n=� 

p < Ͳ.ͲͲͳ Fisher’s exact test 

Fig. ͵E 
  

Stereocilia length and 
number 

Ͷ - ͷ mice/ 
genotype 

length: p = Ͳ.ͲͳͲ͹; U = Ͷͻ
number: p = Ͳ.ͲͲͲͳ; U = ͷͺ.ͷ 

Non-parametric, two-tailed Mann-
Whitney Test 

Fig. ͷA Gnai͵ cKO, CAP Ctr: Ͷ mice, ͵♂, 
ͳ♀ 
KO: Ͷ mice, ͵♂, 
ͳ♀ 

p < Ͳ.ͲͲͲͳ, Fȋͳ, ͳʹ͸Ȍ = ͹ͻ.ͳ ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ͷB Gnai͵ cKO, SP p = Ͳ.ͲͲ͸, Fȋͳ, ͳ͵͸Ȍ = ͳͶ

Fig. ͷC Gnai͵ cKO, CM p < Ͳ.ͲͲͲͳ, Fȋͳ, ͺͶȌ = ʹͶ.ʹ

Fig. ͸D 
  

Gnai͵ cKO  
)(C ribbon numbers 

Ctr: ͵ mice, ͳ♂, 
ʹ♀ 
KO: ͵ mice, ͳ♂, 
ʹ♀ 

p = Ͳ.͹ͷ, Fȋͳ, ͳʹȌ = Ͳ.ͳͳ ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

Fig. ͹B Gnai͵ gKO ȋclick ABRȌ   

  wave ) amplitude 
wave ) neg. peak 
latency 
wave )V amplitude 
wave )V neg. peak 
latency 

Ctr: ͹ mice, ͷ♂, 
ʹ♀ 
KO: ͻ mice, ͹♂, 
ʹ♀ 

p < Ͳ.ͲͲͳ, Fȋͳ, Ͷ͵ʹȌ = ͸ͺ.ͺ
p < Ͳ.ͲͲͳ, Fȋͳ, ͶͲʹȌ = ͻʹͲ 
p < Ͳ.ͲͲͳ, Fȋͳ, ͶʹͳȌ = ͳ͹ʹ 
p = Ͳ.ͳ, Fȋͳ, ͵ͻ͹Ȍ = ʹ.͹ͺ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

slope of wave ) 
amplitude growth 
slope of wave )V 
amplitude growth 

p = Ͳ.ͲͲ͸, t = ʹ.ͻͻ, df = ʹͻ
p = Ͳ.ͲͲͲͳ, t = Ͷ.Ͷ͵, df = ʹͻ 

ʹ-tailed unpaired StudentƲs t-test 

Fig. ͹C Gnai͵ cKO ȋclick ABRȌ   

  wave ) amplitude 
wave ) neg. peak 
latency 
wave )V amplitude 
wave )V neg. peak 
latency 

Ctr: ͻ mice, ͸♂, 
͵♀ 
KO: ͹ mice, ͵♂, 
Ͷ♀ 

p < Ͳ.ͲͲͳ, Fȋͳ, ͶͳʹȌ = ͵ͶͲ
p < Ͳ.ͲͲͳ, Fȋͳ, ͵ͻ͵Ȍ = ͶͶ͵ 
p < Ͳ.ͲͲͳ, Fȋͳ, Ͷͷ͵Ȍ = ͸Ͷ.Ͷ 
p = Ͳ.ʹͳ, Fȋͳ, ͶʹͶȌ ͳ.͸ͳ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 

slope of wave ) 
amplitude growth 
slope of wave )V 
amplitude growth 

p = Ͳ.ͲͲʹ, t = ͵.ͶͶ, df = ʹͷ
p =Ͳ.ͲͲͲͷ, t = ͵.ͻ͵, df = ʹ͹ 

ʹ-tailed unpaired StudentƲs t-test

Fig. ͹D f-ABR  
Gnai͵ gKO vs. gCtr 

Ctr: ͷ mice, Ͷ♂, 
ͳ♀ 
KO: ͷ mice, ͵♂, 
Ͷ♀ 

p < Ͳ.ͲͲͲͳ, t = ͹.ͳͶ, df = ͻ ʹ-tailed unpaired StudentƲs t-test 

 f-ABR  
Gnai͵ cKO vs. cCtr 

Ctr: ͷ mice, ͵♂, 
ʹ♀ 
KO: Ͷ mice, ʹ♂, 
ʹ♀ 

p < Ͳ.ͲͲͲͳ, t = ͳͳ.Ͳ͵, df = ͹

  f-ABR gCtr vs. cCtr 
f-ABR Gnai͵ gKO vs. 
Gnai͵ cKO 

  
  

p = Ͳ.ͻ͹, t = Ͳ.Ͳ͵͸, df = ͻ
p = Ͳ.Ͳ͵͵, t = ʹ.͸ͷ, df = ͹ 

Fig. ͹E 
  

wave )V/) ratio ȋclick-
ABRȌ 
Gnai͵ gKO 
 
 
 
Gnai͵ cKO 

 
 
Ctr: ͹ mice, ͷ♂, 
ʹ♀ 
KO: ͻ mice, ͹♂, 
ʹ♀ 
Ctr: ͻ mice, ͸♂, 
͵♀ 
KO: ͹ mice, ͵♂, 
Ͷ♀ 

p = Ͳ.ͶͶ, Fȋͳ, ͵͸ͻȌ = Ͳ.͸ 
p < Ͳ.ͲͲͲͳ, Fȋͳ, ͵ͷͺȌ = ͳ͵ʹ 

ʹ-way ANOVA followed by post-hoc 
pair-wise Bonferroni̵s multiple 
comparison test 
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sFig. ͵B Gnai ʹcKO   

 wave ) amplitude Ctr: Ͷ mice, ʹ♂, 
ʹ♀ 
KO: ͷ mice, ͵♂, 
ʹ♀ 

p = Ͳ.͹ͶͶ, Fȋͳ, ʹͷͳȌ = Ͳ.ͳͳ ʹ-way ANOVA followed by  
post-hoc pair-wise Bonferroni̵s multiple 
comparison test 

 wave ) neg. peak 
latency 

 p = Ͳ.ʹͳͺ, Fȋͳ, ʹͶʹȌ = ͳ.ͷʹ

  slope of the amplitude 
growth function 

 p = Ͳ.ͺͶͺ, t = Ͳ.ͳͻ, df = ͳ͸ ʹ-tailed unpaired StudentƲs t-test 

sFig. ͵C Gnaiʹ cKO   

 wave )V amplitude Ctr: Ͷ mice, ʹ♂, 
ʹ♀ 
KO: ͷ mice, ͵♂, 
ʹ♀ 

p = Ͳ.ͺͳͶ, Fȋͳ, ʹͷͺȌ = Ͳ.Ͳͷ ʹ-way ANOVA followed by  
post-hoc pair-wise Bonferroni̵s multiple 
comparison test 

 wave )V neg. peak 
latency 

 p = Ͳ.ʹͶ͵, Fȋͳ, ʹͶͺȌ = ͳ.͵͹

  slope of the amplitude 
growth function 

 p = Ͳ.ͺͷʹ, t = Ͳ.ͳͻ, df = ͳ͸ ʹ-tailed unpaired StudentƲs t-test

sFig. ͵D Gnaiʹ cKO 
wave )V/) ratio 

Ctr: Ͷ mice, ʹ♂, 
ʹ♀ 
KO: ͷ mice, ͵♂, 
ʹ♀ 

p = Ͳ.͵͵ͺ, Fȋͳ, ʹͶͲȌ = Ͳ.ͻʹ ʹ-way ANOVA followed by  
post-hoc pair-wise Bonferroni̵s multiple 
comparison test 

�
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������
�
����������������������
�����

���� ��������� ����������������
������a���

median ȋrangeȌ  
��= number of independent 
repetitions 

����������������
�����

median ȋrangeȌ 
��= number of independent 
repetitions 


 �� ����

�

stereocilia / cells / mice 

ͳ.ͶͶ ȋͲ.͹͵Ȃʹ.ͲͷȌ 

��= ʹͲ 

ʹ͹ʹ / ͸Ͷ / Ͷ 

ͻͶ.Ͷ ȋ͹ʹȂͳͳͻȌ 

��= ͳʹ 

ͺʹͻͻ / ͺ͹ / ͷ 


 �� ����B�
�	�

�

stereocilia / cells / mice�

Ͳ.ͻʹ ȋͲ.ͺʹȂͳ.ͶͶȌ ȋ*Ȍ 

��= ͳͳ 

͵Ͳͷ / ͸Ͷ / Ͷ 

͹͵.ͳ ȋͶ͸Ȃͺ͸Ȍ ȋ*Ȍ 

��= ͳͶ 

͹͸ʹͳ / ͳͲ͸ / Ͷ 

� ����
���
���	��
�������	����������


���������� 
����������
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O.q�Mbfcfuin1iq�f17uiq�vi11in1�in�lJln1� 1.71i� gühvM.b1lnci�u7�c.vMgi0i�ÈMqv��È;h��q7b� gl�

r.nc1h.n�l7uh1hJi��Txln�i1�lg
��������Nl7bhlc�i1�lg
�������
�O.7q�lJ.nq�ufv.n1bf�Q7i�ci�c.vMgi0i�

iq1� hnuhqMinqlégi� à� gl�vhdbl1h.n� 1blnqgl1h.nniggi� u7� thn.chg
� lnq� ci11i� r.nc1h.n�� gl� g.clghql1h.n�

lq9vf1bhQ7i� ulnq� gi� Mgln� uiq� Mb.1fhniq� ÈMqv�� i1� È;h�� à� gl� q7brlci� lMhclgi� ui� gl�   � iq1�

nfciqqlhbi
� iMinuln1��l7c7ni�u.nnfi�nüi0hq1i�q7b�giq�Mb.1fhniq�Mibvi11ln1�gi�bicb71ivin1�i1�gl�

q1léhgh1f� ui� ci� c.vMgi0i� à� gl� q7brlci� lMhclgi� uiq�   
� O.7q� Minq.nq� Q7i� giq� Mb.1fhniq� uiq�

c.vMgi0iq�lMhcl70�hn1ibJhinublhin1�ulnq�ci11i�r.nc1h.n
�Él�vhqi�in�Mglci�ui�gl�M.glbh1f�lMhclgi�

rlh1�hn1ibJinhb�ui70�c.vMgi0iq�lMhcl70��gi�c.vMgi0i� b7véq�i1�gi�c.vMgi0i�Blb
�O.1bi�Mbfcfuin1i�

f17ui� vi1� in� fJhuinci� Q7i� giq� Mb.1fhniq� Blb�� i1� lBR �� c.vM.qln1� gi� c.vMgi0i� Blb�� q.n1�

i0Mbhvfiq�l7�M(gi�Mb.0hvlg�à�gl�q7brlci�lMhclgi�uiq�  
� i�Mb.rhg�uüi0Mbiqqh.n��.MM.qf�à�cig7h�

uiq�Mb.1fhniq�ÈMqv��i1�È;h���q7dd&bi�Q7i�gi�c.vMgi0i�Blb�ni�y.7i�Mlq�7n�b(gi�iqqin1hig�ulnq�gi�

bicb71ivin1�i1�gi�vlhn1hin�uiq�Mb.1fhniq�ÈMqv��i1�È;h��à�gl�q7brlci�lMhclgi�uiq�  
� i�rlj.n�

hn1fbiqqln1i�� n.q�u.nnfiq�Mbfghvhnlhbiq� ufv.n1bin1� 7ni�i0Mbiqqh.n�p.v.d&ni�ui� gl� Mb.1fhni�

 b7véq��à� gl�q7brlci�lMhclgi�ui� gl�  ��i1� güléqinci�ui�ci11i�Mb.1fhni�qivégi�indinubib�7ni�

Mib17bél1h.n�ui�güi0Mbiqqh.n�ui�È;h��ulnq�ci11i�bfdh.n
�O.7q�lJ.nq�u.nc�fvhq�güp9M.1p&qi�uü7n�

ghin�in1bi�giq�Mb.1fhniq�u7�c.vMgi0i� b7véq�i1�giq�Mb.1fhniq�u7�c.vMgi0i�ÈMqv��i1�È;h�
��

 i�bfcin1iq�M7éghcl1h.nq�q7dd&bin1�Q7i�iSf3��7n�uiq�vivébiq�u7�c.vMgi0i� b7véq��qiblh1�7n�

n.7Jil7�d&ni�clnuhul1�M.7b�giq�q7buh1fq�cpix�gl�q.7bhq�i1�güp.vvi���.2g�i1�lg
��������Gplpiin�

i1� lg
�� �����
� NMux�� .7� Sa ��� iq1� Mlb� lhggi7bq� c.nn7i� M.7b� ’1bi� à� gü.bhdhni� uüp9ub.cfMplghiq�

c.ndfnh1lgiq�bfciqqhJiq�qfJ&biq���g� .qlbh�i1�lg
���������g�Pixl2h�i1�lg
��������Gplpiin�i1�lg
��

�����
� i�rlj.n�hn1fbiqqln1i��NMux�r.bvi�lJic� lMgi��Sa ���i1�V L����Sa ���7ni�rlvhggi�ui�

Mb.1fhniq� à� gü.bhdhni� uüp9ub.cfMplghiq� c.ndfnh1lgiq� qhvhglhbiq� �Sa �
�  i� Mg7q�� gl� v71l1h.n� ui�

D�t�
�qivégi�cl7qib�uiq�q7buh1fq�cpix�cib1lhnq�Ml1hin1q�� lMM7cch.�i1�lg
��������R.vlbl�i1�lg
��

�����
���ci�y.7b��l7c7n�clq�cghnhQ7i�ni�vin1h.nni�ui�ufrhch1�l7uh1hr�cpix�uiq�Ml1hin1q�l11ihn1q�uü7ni�

v71l1h.n�M.7b��cSga��éhin�Q7i�uiq�f17uiq�cpix�uiq�q.7bhq�v71ln1iq�ufv.n1bin1�uiq�ln.vlghiq�

v.bMp.g.dhQ7iq�ui�güfMh1pfgh7v�l7uh1hr��Ghgi11h�i1�lg
��������i1�uiq�ufrhch1q�l7uh1hrq�ulnq�giq�pl71iq�

rbfQ7inciq���.2g�i1�lg
�������
��

�7�J7�ui�ciq�u.nnfiq��n.7q�Minq.nq�u.nc�Q7i�����giq�Mb.1fhniq�u7�c.vMgi0i� b7véq�Mlb1hchMin1�

à�7n�c.vMgi0i�lMhclg�c.vMbinln1�ÈMqv��È;h�� lMgi�V L���vlhq�l7qqh�Q7i�����giq�Mb.1fhniq�

u7�c.vMgi0iq� b7véq�i1�giq�Mb.1fhniq�Sa �qiblhin1�iqqin1higgiq�à�gl�vl17bl1h.n�uiq�  �i1�à�gl�

r.nc1h.n�l7uh1hJi
�
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O.1bi�.éyic1hr�à�g.nd�1ibvi�iq1�ui�vi11bi�in�fJhuinci�giq�vfclnhqviq�v.gfc7glhbiq�i1�cigg7glhbiq�

iqqin1higq�à�gl�vhqi�in�Mglci�ui�gl�M.glbh1f�uiq�  
�B.7b�cigl��n.7q�lJ.nq�M.7b�.éyic1hr�ui�����

ufc.7Jbhb�gi�Mb.rhg�uüi0Mbiqqh.n�qMl1h.�1ivM.big�uiq�Mb.1fhniq�u7�c.vMgi0i� b7véq�i1�Sa ������

uf1ibvhnib�giq�ln.vlghiq�q1b7c17biggiq�i1�r.nc1h.nniggiq�g.bq�ui�güléqinci�ui�cib1lhniq�Mb.1fhniq�

ui� ciq� c.vMgi0iq�� i1� ���� vi11bi� in� fJhuinci� uiq� ghinq� Mb.1fhQ7iq� in1bi� giq� c.vMgi0iq�

ÈMqv��È;h��� b7véq�i1�Sa 
��

Ct:vjlamy���Cv:eshay��

�GdIcC.��� i70� ghdnfiq�uülnhvl70� 1blnqdfnhQ7iq�.n1� f1f� 71hghqfq���iSf3�P.l
�i1�iSf3�I.

� iq�

lnhvl70�.n1�f1f�.é1in7q�Mlb�gi�cb.hqivin1�ui�q.7bhq�Hg.0�NMux��.é1in7iq�ui�n.1bi�c.gglé.bl1i7b�

�nubilq�Hhqpib��Shuigéibd�in��ggivldni��Higunib�i1�lg
������é���lJic�uiq�q.7bhq�H.0d�� bi�.7�

Tv0�� bi
��Mb&q�cb.hqqivin1��ciq� ghdnfiq�i0Mbhvin1�7ni�Mb.1fhni� 1b.nQ7fi�c.bbiqM.nuln1�l7�

Mbivhib�u.vlhni�É���ui�gl�Mb.1fhni�NMux��mdlC2a���
�Tn1bi�T����i1�T������giq�ghdnfiq�H.0d�� bi��

i0Mbhvin1�gl� bi�ulnq�gi�1fgincfMplgi�i1�gü.1.c9q1i��lg.bq�Q7i�giq�ghdnfiq�Tv0�� bi�i0Mbhvin1�gl�

 bi� ulnq� gi� 1fgincfMplgi� u.bqlg� u&q� T����
� Éiq� q.7bhq� G2hqq� i1� giq� bl1q� GMbld7i�  l2gi9�

Mb.Jhinnin1�ui�cpix�PlnJhib�Éléq
�Éiq�c.cpgfiq�ui�q.7bhq��2CIvN��� �n.7q�.n1�f1f�u.nnfiq�

Mlb�gi� b�Nlbd.ghq�ui�gü7nhJibqh1f�u7�Nhcphdln�l70�DG�
�  

�IICGPIc2MCcla�NC2�yPyhgLa���Éiq�.bihggiq�hn1ibniq�ui�bl1�.7�ui�q.7bhq�.n1�f1f�MbfgiJfiq�à�uiq�

q1luiq�ui�ufJig.MMivin1�éhin�Mbfchq�in1bi�B��i1�B��
�Éiq�.bihggiq�hn1ibniq�.n1�f1f�uhqqfQ7fiq�

ulnq�u7�Bp.qMpl1i�é7rribiu�Glghni��B�G���Y�i1�rh0fiq�Minuln1���pi7bi����à��W �ulnq�u7�BH��

���q7MMgfvin1f�lJic�����ui�q7cb.qi
��Mb&q�uiq�bhnjldiq�l7�B�G��Y��giq�.bihggiq�hn1ibniq�.n1�

f1f�uhqqfQ7fiq�lrhn�uühq.gib�gü.bdlni�ui� .b1h
� i1�fMh1pfgh7v�l�inq7h1i�f1f�Mibvfléhghqf�i1�ql17bf�

lJic����ui�qfb7v�é.Jhn���.Jhn�Gib7v��gé7vhn���G����uhg7fi�ulnq�u7�B�G��Y�lJic�������ui�

1bh1.n�Y�����Minuln1���pi7biq�à�1ivMfbl17bi�lvéhln1i
�Éüln1hc.bMq�Mbhvlhbi�uhg7f�ulnq�u7�B�G�

�Y�l�f1f�hnc7éf�q7b�gl�n7h1�à��W 
�Éi�ginuivlhn��lMb&q�Mg7qhi7bq�bhnjldiq�l7�B�G��Y��giq�c.cpgfiq�

.n1�f1f�hnc7éfiq�lJic�giq�ln1hc.bMq�qic.nulhbiq�i1�gl�Mplgg.!uhni��vlbQ7ldi�ui�gülc1hni�H��uhg7fq�

ulnq�u7�B�G��Y�Minuln1����vhn71iq�à�1ivMfbl17bi�lvéhln1i
�Éiq�ln1hc.bMq�71hghqfq�.n1�f1f�giq�

q7hJln1q��� ln1h�È;h�� �.é1in7� l7Mb&q� ui� n.1bi� c.gglé.bl1i7b� �ibnu� O:bnéibd�� A:éhndin� in�

�ggivldni�“�Mb.u7h1�cpix�gi�glMhn���ln1h�ÈMqv���Mb.u7h1�cpix�gi�glMhn�Mlb�Nhbihggi�N.n1c.7Q7h.g�i1�

Mbfcfuivvin1� clblc1fbhqf� �Txln� i1� lg
�� �������� ln1h� b7véq�� �.é1in7� l7Mb&q� ui� n.1bi�

c.gglé.bl1i7b��nubf�Éi��hJhc��Nlbqihggi��Hblnci�“�Mb.u7h1�cpix�gi�glMhn���ln1h�Bl1y��.é1in7�l7Mb&q�

ui� n.1bi� c.gglé.bl1i7b� �nubf� Éi��hJhc�� Nlbqihggi�� Hblnci� “� Mb.u7h1� cpix� gi� glMhn��� ln1h�NMux�

�Mb.u7h1�cpix�gl�q.7bhq��� �éh.qchinciq���ln1h�Blgq���Mb.u7h1�cpix�gl�q.7bhq�“�Gln1l� b7x���ln1h�
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Blgq�� �Mb.u7h1� cpix� gl� glMhn� “�Gln1l� b7x��� ln1h�sU�� �Mb.u7h1� cpix� gl� q.7bhq� “� Apibv.�Hhqpib�

Gchin1hrhc���ln1h�8��qMic1bhn��Mb.u7h1�cpix�gl�q.7bhq�“�� �1blnqu7c1h.n����ln1h�q.7bhq��gi0l�Hg7.b�����

�Mb.u7h1�cpix�gl�cp&Jbi���Plctq.n�Evv7n.Liqilbcp���ln1h�glMhn��gi0l�Hg7.b������Mb.u7h1�cpix�gl�

cp&Jbi� �� Plctq.n� Evv7n.Liqilbcp���.7�Bplgg.huhn��AAU���O� �Ghdvl�
��rhn�ui�c.vMlbib� giq�

c.cpgfiq�c.n1b(giq�i1�giq�c.cpgfiq�ui�q.7bhq�1blnqdfnhQ7iq�ui�gl�v’vi�c.nuh1h.n��giq�c.cpgfiq�

.n1�f1f�hnc7éfiq�ulnq�7n�v’vi�17éi
��Mb&q�hvv7n.vlbQ7ldi��giq�c.cpgfiq�.n1�f1f�Mglcfiq�in1bi�

glvi�i1�glviggi�ulnq�u7�vhghi7�ui�v.n1ldi�ln1h�lrrluhqqivin1�lMMb.Mbhf�à�gülcQ7hqh1h.n�uühvldiq�

l7�vhcb.qc.Mi�c.nr.clg��Bb.g.nd�È.gu�ln1hrlui�bildin1��Éhri�Aicpn.g.dhiq�
�B.7b�gülcQ7hqh1h.n�uiq�

hvldiq��n.7q�lJ.nq�71hghqf�7n�vhcb.qc.Mi�c.nr.clg�i1�gülnlg9qi�l�inq7h1i�f1f�rlh1i�q7b�gi�g.dhchig�

EvldiP
��

�Cg1C2a��12cGNmay1dPG�a1�dIICGPIc2MCcla�faN�yaggCgaN�� e�����Éiq�cigg7giq� UG����ufbhJfiq�ui�

gl�ghdnfi�cigg7glhbi�ui�rhéb.églq1iq�hqq7q�ui�bihnq�ui�qhndiq�Jib1�uü�rbhQ7i��q.n1�c7g1hJfiq�à���W �

in� Mbfqinci� ui� ���� ui�  U��ulnq� u7�  7géicc.üq�N.uhrhiu� Tldgiüq�Niuh7v� � NTN�� c.vMgi1�

�qfb7v� ui� Jil7� r–1lg� ������ É�dg71lvhni� �vN�� Mfnhchgghni� ��D�� q1biM1.v9chni� ��D��� q7b� uiq�

glviggiq�ui�Jibbi
�Éiq�cigg7giq�.n1�f1f�1blnqric1fiq�in�71hghqln1�u7�BTE��M.g9i1p9ginhvhni�
�B.7b�

n.q� i0Mfbhinciq�� n.7q� lJ.nq� 1blnqric1f� in1bi� ����� i1� �çd� uiq� c.nq1b7c1h.nq� MglqvhuhQ7iq�

q7hJln1iq��� Jin7q�ÈMqv���Hgld�NMux��v9c�Blgq�
��Mb&q����pi7biq�� giq� cigg7giq�.n1� f1f� rh0fiq�

Minuln1����vhn71iq�lJic����ui�BH��à�1ivMfbl17bi�lvéhln1i��M7hq�Mibvfléhghqfiq�i1�ql17bfiq�

lJic�u7�B�G��Y�c.n1inln1��
����ui�Abh1.n�Y�����i1�����ui�qfb7v�ui�cp&Jbi�Minuln1���pi7bi�

à� 1ivMfbl17bi� lvéhln1i
� Éiq� cigg7giq� .n1� f1f� inq7h1i� hnc7éfiq� �� pi7bi� lJic� giq� ln1hc.bMq�

Mbhvlhbiq�M7hq����vhn71iq�lJic�giq�ln1hc.bMq�qic.nulhbiq�uhg7fq�ulnq�u7�B�G��Y�à�1ivMfbl17bi�

lvéhln1i
� Éiq� ln1hc.bMq� 71hghqfq� .n1� f1f� giq� q7hJln1q��� ln1h�v9c� �T��� �Mb.u7h1� cpix� gl� q.7bhq��

�h.gidinu����n1h�Hgld��Mb.u7h1�cpix�gi�glMhn�“�Ghdvl���ln1h�q.7bhq��gi0l�Hg7.b������Mb.u7h1�cpix�gl�

cp&Jbi���Plctq.n�Evv7n.Liqilbcp���ln1h�glMhn��gi0l�Hg7.b������Mb.u7h1�cpix�gl�cp&Jbi���Plctq.n�

Evv7n.Liqilbcp�
� Éiq� glviggiq� .n1� f1f� v.n1fiq� q7b� uiq� glviq� ui� Jibbi� lJic� 7n�vhghi7� ui�

v.n1ldi�ln1h�lrrluhqqivin1��ui�19Mi�Hg7.b.v.n1��G.71pibn��h.1icp�
�ÉülcQ7hqh1h.n�uiq�hvldiq�l�

f1f�bflghqfi�lJic�7n�vhcb.qc.Mi�à�rg7.biqcinci�sihqq�i1�giq�hvldiq�lcQ7hqiq�.n1�f1f�lnlg9qfiq�

lJic�gi�g.dhchig�Evldi�P
  

�Cg1C2a� faN� ������r� a1� �IICGPS2LydSd1c1dPG���  iq� cigg7giq� STR���A� �cigg7giq� bfnlgiq�

ivéb9.nnlhbiq� p7vlhniq�� .n1� f1f� c7g1hJfiq� ulnq� 7n� vhghi7� inbhcph� à� ��� ui�  U�� à� ��W � i1�

1blnqric1fiq�lJic�u7�BTE����pi7biq�lMb&q�gi7b�inqivincivin1
�B.7b�cigl��in1bi���à���çd�uiq�

Mglqvhuiq�Jin7q�ÈMqv���Hgld�NMux�i1�v9c�Blgq��.n1�f1f�71hghqfq
��Mb&q����pi7biq�uüi0Mbiqqh.n��

giq�cigg7giq�.n1�f1f�éb.9fiq�M7hq�q.nhQ7fiq�lJln1�uü’1bi�q.g7éhghqfiq�lJic�u7�Abhq�S g���vN�MS��
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luuh1h.nnf�à����uülchui�ufq.09cp.ghQ7i�� i.09cp.ghc��chu�� U ���à���W �Minuln1����vhn71iq�

q.7q�ldh1l1h.n�M7hq�lJic����ui�Abh1.n�Y��������vhn71iq�à���W �q.7q�ldh1l1h.n
� iq�hnphéh1i7bq�ui�

Mb.1flqiq� � .vMgi1i� T A�� Hbii�� .n1� f1f� luuh1h.nnfq� l7�vhghi7� lrhn� ui� ghvh1ib� gl� ufdblul1h.n�

Mb.1fhQ7i
� �Mb&q� ci11i� hnc7él1h.n�� giq� cigg7giq� .n1� f1f� cin1bhr7dfiq� à� ������ bMv� Minuln1� ���

vhn71iq�à��W �lrhn�ui�bfc7Mfbib�giq�Mb.1fhniq�uühn1fb’1�ulnq�gi�q7bnldiln1
� i�q7bnldiln1�l�lg.bq�

f1f�hnc7éf�q7b�gl�n7h1�à��W �q7b�uiq�éhggiq�ÈHB�vldnf1hQ7iq�lrhn�ui�rh0ib�n.q�Mb.1fhniq�M.qqfuln1�

7n�1ld�ÈHB�ghfiq�lJic�gi7bq�M.1in1higq�hn1iblc1i7bq
�Éi�ginuivlhn��giq�éhggiq�.n1�f1f�hn1inqhJivin1�

bhncfiq�lJic�7ni�q.g71h.n�ui�AbhqS g��Ol g�i1�Abh1.n�Y����
�B7hq��u7�1lvM.n��Y�G.uh7v� .uic9g�

G7grl1i��G G��c.n1inln1�u7�8�vibclM1.f1pln.g�iq1�ly.71f�q7b� gl�bfqhni�� güinqivégi�iq1�cpl7rrf�

Minuln1���vhn71iq�à���W ��i1�J.b1i0f��lrhn�ui�ufcb.cpib�giq�c.vMgi0iq�ui�Mb.1fhniq�uiq�éhggiq
�

Éülnlg9qi�l�inq7h1i�f1f�rlh1i�q7b�7n�dig�ui�2iq1ibn�ég.1�ufnl17bln1�G G�B�ÈT
�B.7b�gühvv7n.ég.1�

n.7q�lJ.nq�71hghqf�giq�ln1hc.bMq�q7hJln1q���ln1h�ÈHB��Mb.u7h1�cpix�gl�q.7bhq�“� g.n1icp���ln1h�v9c�

�T����Mb.u7h1�cpix�gl�q.7bhq���h.gidinu���ln1h�Hgld��Mb.u7h1�cpix�gi�glMhn�“�Ghdvl���ln1h�glMhn�SLB�

�p.bqibluhqp�Mib.0hulqi�“�Plctq.n�Evv7n.Liqilbcp���ln1h�q.7bhq�SLB��p.bqibluhqp�Mib.0hulqi�

“�Plctq.n�Evv7n.Liqilbcp�
�Éi�cpivhu.c�NB���h.Llu��n.7q�l�Mibvhq�ui�rlhbi�7ni�gic17bi�ui�

n.q�vivéblniq
� 

�dN1PgPlda��� iq�cibJil70�ui�q.7bhq�c.n1b(giq�i1�iSf3�I.
�.n1�f1f�Mibr7qfq�i1�MbfgiJfq�lJln1�uü’1bi�

qic1h.nnfq�l7�Jhébl1.vi��c.7Miq�c.b.nlgiq�ui���çv�
�O.7q�lJ.nq�bflghqf�7n�vlbQ7ldi�à�gülhui�

uü7n� th1� Mibvi11ln1� ui� Jhq7lghqib� gl�v9fghni� i1� giq� n.9l70� uiq� ni7b.niq� ��blhn� Evldhnd� Rh1� “�

Apibv.Hhqpib�Gchin1hrhc�
�O.7q�lJ.nq�71hghqf�7n�ln1hc.bMq�ln1h�NMux��Mb.u7h1�cpix�gl�q.7bhq��� �

�h.qchinci��lrhn�ui�Jhq7lghqib� güi0Mbiqqh.n�inu.d&ni�ui�ci11i�Mb.1fhni�l7�nhJil7�cfbféblg
�Éiq�

hvldiq�.n1�f1f�lcQ7hqiq�lJic�gi�Oln.x..vib�Slvlvl1q7�.7�7n�vhcb.qc.Mi�à�fMhrg7.biqcinci
��

Lvyèm:t:y���

•� NMux�i1�Blgq��qivégin1�c.�g.clghqib�lJic�ÈMqv��i1�È�h��à�gl�q7brlci�lMhclgi�ui�gl�  � 

 lnq� giq� cigg7giq� fMh1pfghlgiq� ui� vlvvhr&biq�� gl� Mb.1fhni�  b7véq�� iq1� i0Mbhvfi� à� gl�

vivéblni�MglqvhQ7i�i1�l70�AP��L.p�i1�lg
�������
�O.q�Mbivhibq�bfq7g1l1q�vi11in1�in�fJhuinci�

7ni�i0Mbiqqh.n�ui� b7véq��ui�rlj.n�p.v.d&ni�à�gl�q7brlci�lMhclgi�ui�gl�  �1.71�in�f1ln1�i0cg7i�

uiq�y.nc1h.nq�uiq�  �i1�ui�gl�q7brlci�lMhclgi�uiq�G ��mdlC2a��
����
� i�rlj.n�q7bMbinln1i��Bl1y�

ni�qivégi�Mlq�’1bi�i0Mbhvfi�ulnq�giq�  �vlhq�à�gl�q7brlci�lMhclgi�i1�l70�y.nc1h.nq�hn1ibcigg7glhbiq�

uiq� G��mdlC2a��
����
�Tn�biJlncpi��NMux��p.v.g.d7i�ui�Bl1y�cpix� giq�vlvvhr&biq��qivégi�

’1bi�inbhcphi�ui�rlj.n�lq9vf1bhQ7i�l7�M(gi�uhq1lg�ui�gl�q7brlci�lMhclgi�uiq�  �ui�rlj.n�qhvhglhbi�

l70� Mb.1fhniq� ÈMqv�� i1� È�h��� lhnqh� Q7ül70� AP� �mdlC2a� �
����
� O.7q� lJ.nq� .é1in7� 7ni� c.�
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g.clghql1h.n�ui�NMux�lJic�ÈMqv��i1�È�h��à�gl�q7brlci�lMhclgi�i1�l7�nhJil7�uiq�AP�in�Mlb1hi�uhq1lgi�
ui�gl�  ��u.nnfiq�n.n�v.n1bfiq�
�

I7ln1�à�Blgq���iggi�M.qqfui�7n�Mb.rhg�uüi0Mbiqqh.n�qhvhglhbi�à�NMux�à�gl�q7brlci�uiq�  �i1�

l70�AP��mdlC2a��
����a1�mdlC2a��������i1�c.�g.clghqi�lJic�È�h���mdlC2a��������i1�ÈMqv���u.nnfi�
n.n�v.n1bfi�
�Éüi0Mbiqqh.n�ui�NMux�i1�Blgq��l7�M(gi�uhq1lg�lMhclg�ui�gl�  ��rlh1�ui�ciq�Mb.1fhniq�

ui� é.nq� clnuhul1q� M.7b� hn1ibldhb� lJic�ÈMqv�� i1�È�h�� à� gl� q7brlci� lMhclgi� ui� gl�   
� Él� c.�
g.clghql1h.n� ui� NMux� lJic� Blgq�� i1� n.n� Bl1y� q7dd&bi� Q7ü7n� c.vMgi0i�  b7véq��Blgq��NMux�

Mlb1hchMi�à�gl�vhqi�in�Mglci�ui�gl�M.glbh1f�����uiq�  ��i1�n.n�7n�c.vMgi0i� b7véq�Blgq��Bl1y��

Mg7q�cglqqhQ7i
�

Dni� lnlg9qi� u7� Mb.rhg� uüi0Mbiqqh.n� ui� NMux� q7b� 7n� n.vébi� uüfcpln1hgg.nq� ghvh1fq� à� B����

q7dd&bi�Q7i�ci11i�Mb.1fhni�nüiq1�Mlq�big.clghqfi�l7�q.vvi1�uiq�q1fbf.chgq��mdlC2a�������
�O.7q�

uiJ.nq�birlhbi�ci11i�i0Mfbhinci�M.7b�Jlghuib�ci�bfq7g1l1
�

•� Él� ufgf1h.n� uiq� vivébiq� u7� c.vMgi0i�  b7véq� qivégi� lrric1ib� gl� v.bMp.g.dhi� i1� gl�

c.pfqh.n�ui�gl�1.7rri�chghlhbi�

Éülnlg9qi� ui� güfMh1pfgh7v� l7uh1hr� ui� q.7bhq� v71fiq� M.7b� �2CIvN�� ��2CIvN�� � �� vi1� in�

fJhuinci�uiq�ln.vlghiq�q1b7c17biggiq�clblc1fbhqfiq�Mlb�7ni�Mib17bél1h.n�ui�gl�v.bMp.g.dhi�i1�ui�

gl� c.pfqh.n� ui� gl� 1.7rri� chghlhbi� �mdlC2a� ������
� O.7q� lJ.nq� l7qqh� .éqibJf� 7ni� uhvhn71h.n� ui�

güi0Mbiqqh.n�ui�È�h��à�gl�q7brlci�lMhclgi�ui�gl�  �in�léqinci�ui� b7véq���q7ddfbln1�7n�ghin�
in1bi�ciq�Mb.1fhniq��mdlC2a�������
� iq�c.cpgfiq�Mb.Jinln1�ui�q.7bhq��2CIvN��� �n.7q�.n1�f1f�

inJ.9fiq�ufyà�rh0fiq�Mlb�güfQ7hMi�u7� b�Nld.ghq�l70�DG�
�Blb�c.nqfQ7in1��n.7q�lJ.nq�i7�lcc&q�

à�Mi7�ui�c.cpgfiq�M.7b�ci11i�lnlg9qi
���

Él�v71l1h.n�c.nuh1h.nniggi�ui�iSf3� �iSf3�P.l
��qivégi�c.nu7hbi�à�uiq�bfq7g1l1q�qhvhglhbiq��

lJic� gl� Mbfqinci� ui� 1.7rriq� chghlhbiq� Mgl1iq�� q.7Jin1� vlg� .bhin1fiq� lJic� uiq� q1fbf.chgq� n.n�

c.pfqhrq��mdlC2a�����������
�O.7q�lJ.nq�ulnq�7n�Mbivhib�1ivMq�Jlghuf�güléqinci�uüi0Mbiqqh.n�ui�

NMux� cpix� giq� q.7bhq�iSf3�P.l
� �mdlC2a� ������
� �hin� Q7i� giq� Mb.1fhniq�ÈMqv�� i1�È�h�� q.hin1�
Mbfqin1iq� à� gl� q7brlci� lMhclgi� uiq�   �� n.7q� .éqibJ.nq� 7ni� uhvhn71h.n� ui� gühn1inqh1f� ui�

rg7.biqcinci�ui� ciq� ui70� Mb.1fhniq� �lJic� giq�v’viq� Mlblv&1biq� uülcQ7hqh1h.n��� ci� Q7h� glhqqi�

q7ddfbib� 7ni� Mib17bél1h.n� ui� gl� q1léhgh1f� .7� u7� bicb71ivin1� ui� ciq� Mb.1fhniq� à� gl�vivéblni�

lMhclgi�in�léqinci�ui�NMux��n�����mdlC2a�������
� i11i�uhvhn71h.n�iq1�uülhggi7bq�lqqix�qhvhglhbi�

à�ciggi�.éqibJfi�M.7b�È�h��ulnq�gi�v71ln1��2CIvN��� 
�
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 i�rlj.n�Mg7q�f1.nnln1i��n.7q�lJ.nq�.éqibJf�7ni�Mib1i�MbiqQ7i�1.1lgi�uüi0Mbiqqh.n�ui�Blgq��

à� gl� q7brlci� lMhclgi� uiq�   � cpix� giq� q.7bhq� iSf3�P.l
� �mdlC2a� ������
� �� 7n� q1lui� ui�

ufJig.MMivin1�Mg7q�1lbuhr��B����� gülg1fbl1h.n�ui�güfMh1pfgh7v�l7uh1hr�biq1i�1.7y.7bq�Jhqhégi�cpix�gi�

v71ln1�iSf3�P.l
��mdlC2a�������
� i�Mg7q��gl�g.clghql1h.n�ui�ÈMqv��l7�q.vvi1�uiq�q1fbf.chgq�ni�

qivégi�Mlq�’1bi�hvMlc1fi�Mlb�gl�v71l1h.n�ui�iSf3��mdlC2a�������
� .n1blhbivin1�à�7ni�v71l1h.n�

ui��SNI��.7��Gcd���q7b�giq�hvldiq�.é1in7iq�in�c.nr.clg��n.q�bfq7g1l1q�Mbfghvhnlhbiq�ni�qivégin1�

Mlq�vi11bi�in�fJhuinci�ui�uhrrfbinciq�ui�g.nd7i7b�ui�q1fbf.chgq�cpix�ciq�q.7bhq��n����Mlb�blMM.b1�

l70� q.7bhq� c.n1b(giq� �mdlC2a� ����
�  iMinuln1�� 7ni� lnlg9qi� q7b� uiq� hvldiq� in� vhcb.qc.Mhi�

fgic1b.nhQ7i�à�élgl9ldi�qiblh1�nfciqqlhbi�lrhn�ui�Jlghuib�ci�bfq7g1l1
�

•� NMux�qivégi�’1bi�hnuhqMinqlégi�à�gl�r.nc1h.n�l7uh1hJi��

�rhn�ui�uf1ibvhnib�7n�ufrhch1�r.nc1h.nnig�cpix�giq�q.7bhq�iSf3�P.l
��uiq�1iq1q�l7uh1hrq����L�“�

�7uh1.b9��blhnq1iv�LiqM.nqi��.n1�f1f�bflghqfq��mdlC2a�����
�O.q�bfq7g1l1q�Mbfghvhnlhbiq�vi11in1�

in� fJhuinci� 7ni� bfu7c1h.n� u7� qi7hg� l7uh1hr� M.7b� 1.71iq� giq� rbfQ7inciq� à� ui70� q1luiq� ui�

ufJig.MMivin1��B��� i1� B���� cpix� giq� q.7bhq�iSf3�P.l
� Mlb� c.vMlblhq.n� l70� q.7bhq� c.n1b(giq�

�mdlC2a�����
� i�Mg7q��7ni�bfu7c1h.n�ui�gülvMgh17ui�i1�7ni�l7dvin1l1h.n�u7�1ivMq�ui�gl1inci�ui�

gl�Mbivh&bi�.nui�q7dd&bin1�7ni�lg1fbl1h.n�q9nlM1hQ7i�à� gl�élqi�ui� gl�  � �mdlC2a�������
� Éiq�

viq7biq� uiq�  BU�Tq� q7dd&bin1� Q7i� gl� r.nc1h.n� uiq�   T� q7b� gülvMghrhcl1h.n� uiq� .nuiq� iq1�

lrric1fi��mdlC2a�����
�

•� Blgq��qiblh1�hg�7n�n.7Jig�hn1iblc1i7b�ui�ÈMqv����

B.7b�uf1ibvhnib�ui�rlj.n�qhvMgi�uüfJin17iggiq�hn1iblc1h.nq�in1bi�giq�uhJibqiq�Mb.1fhniq�ui�n.q�

c.vMgi0iq��n.7q�lJ.nq�71hghqf�uiq�cigg7giq�pf1fb.g.d7iq� UG��
� lnq�7n�Mbivhib�1ivMq��c.vvi�

c.n1b(gi�M.qh1hr��n.7q�lJ.nq�Jlghuf�gl�c.�g.clghql1h.n�uiq�Mb.1fhniq�NMux�i1�Blgq���u.n1�gühn1iblc1h.n�

iq1� c.nn7i� �u.nnfi� n.n� v.n1bfi�
� Éiq� qhvMgiq� 1blnqric1h.nq� ui� ciq� Mglqvhuiq� vi11in1� in�

fJhuinci�7n�c.�vlbQ7ldi�à�gl�r.hq�vivéblnlhbi�i1�y.nc1h.nnig�uiq�ui70�Mb.1fhniq��mdlC2a��	����
�

Blb� gl� q7h1i�� n.7q� lJ.nq� c.�1blnqric1f� NMux� i1� 7n� Mglqvhui� c.uln1� M.7b� ÈMqv�� vlhq� n.7q�

nülJ.nq� Mlq� .éqibJf� ui� c.�g.clghql1h.n� �mdlC2a� �	��
� Blb� c.n1bi�� ulnq� gl� v’vi� qfbhi�

uüi0Mfbhinciq��n.7q�lJ.nq�.éqibJf�7ni�c.�g.clghql1h.n�ui�ÈMqv��i1�Blgq��ci�Q7h�q7ddfblh1�7ni�

hn1iblc1h.n�in1bi�ciq�ui70�Mb.1fhniq��mdlC2a��	��
�Blb�hvv7n.MbfchMh1l1h.n��n.7q�lJ.nq�c.nrhbvf�

à�gl�r.hq�gühn1iblc1h.n�in1bi�ÈMqv��i1�Blgq���i1�güléqinci�uühn1iblc1h.n�in1bi�NMux�i1�ÈMqv���mdlC2a�

�	����
��

�
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•� NMux�qivégi�lJ.hb�7ni�i0Mbiqqh.n�q9nlM1hQ7i�i1�gl�ufgf1h.n�ui�iSf3�qivégi�c.nu7hbi�à�

7ni�p9M.Mglqhi�u7�c.bMq�clggi70�

Dn�hvv7n.vlbQ7ldi�inu.d&ni�ui�NMux�q7b�uiq�c.7Miq�c.b.nlgiq�ui�cibJil7�ui�q.7bhq�à�

B���vi1�in�fJhuinci�7n�inbhcphqqivin1�ui�ci11i�Mb.1fhni�l7�nhJil7�uiq�cigg7giq�fMinu9vlhbiq�

�u.nnf�n.n�v.n1bfi�
� i�bfq7g1l1�iq1�in�lcc.bu�lJic�giq�1blJl70�u7� b�Higunib�i1�gl�r.nc1h.n�ui�

ci11i�Mb.1fhni�ulnq�ciq�cigg7giq��Higunib�i1�lg
������é�
�Éi�vlbQ7ldi�ui�ci11i�Mb.1fhni�l7�nhJil7�

ui�güphMM.clvMi�q7dd&bi�7ni�i0Mbiqqh.n�q9nlM1hQ7i��mdlC2a��
��
�Un�Mi71�u.nc�Minqib�Q7i�ci11i�

Mb.1fhni�iq1�hnuhqMinqlégi�M.7b�gi�ufJig.MMivin1�cfbféblg
��rhn�ui�Jlghuib�ci11i�p9M.1p&qi��n.7q�

lJ.nq�bflghqf�7ni�lnlg9qi�v.bMp.g.dhQ7i�u7�cibJil7�cpix�uiq�q.7bhq�iSf3�I.

� lnq�7n�Mbivhib�

1ivMq��n.7q�lJ.nq�Jlghuf�Mlb�2iq1ibn�ég.1�7ni�uhvhn71h.n�ui�güi0Mbiqqh.n�ui�NMux�cpix�ciq�q.7bhq�

Mlb�blMM.b1�l70�q.7bhq�c.n1b(giq��fPGGLa�GPG�IPG12La�
�O.1bi�lnlg9qi�v.bMp.g.dhQ7i�u7�cibJil7�

q7dd&bi�7ni�p9M.Mglqhi�u7�c.bMq�clggi70�cpix�giq�q.7bhq�iSf3�I.
�Mlb�c.vMlblhq.n�à�uiq�q.7bhq�

c.n1b(giq��n�����mdlC2a��
����
� iMinuln1��uiq�lnlg9qiq�c.vMgfvin1lhbiq�q.n1�à�MbfJ.hb�lrhn�ui�

Jlghuib�ci�Mpfn.19Mi
��

�srpmèylsr���

O.q�u.nnfiq�Mbfghvhnlhbiq�v.n1bin1�Q7i�iSf3�iq1� hnuhqMinqlégi�à� gl� r.nc1h.n�l7uh1hJi
�

O.q�Mbivhibq�bfq7g1l1q�q7dd&bin1�Q7i�giq�c.vMgi0iq� b7véq�i1�ÈMqv��È�h��M.7bblhin1�’1bi�ghfq�
Mlb�gi�éhlhq�uü7ni�hn1iblc1h.n�in1bi�ÈMqv��i1�Blgq���i1�Mlb1hchMiblhin1�inqivégi�à�gl�M.glbh1f�i1�.7�

à�gl�v.bMp.dfn&qi�lMhclgi�uiq�  
�O.q�u.nnfiq�.bhdhnlgiq�ufv.n1bin1�M.7b�gl�Mbivh&bi�r.hq�7n�

b(gi�u7�c.vMgi0i� b7véq�ulnq� gl� r.nc1h.n�l7uh1hJi
� i�Mg7q��n.1bi�lnlg9qi�v.bMp.g.dhQ7i�u7�

cibJil7�cpix�7ni�q.7bhq�v71fi�M.7b�iSf3�q7dd&bi�7ni�p9M.Mglqhi�u7�c.bMq�clggi70
�A.71�c.vvi�

ÈMqv���iSf3�M.7bblh1�’1bi�à�gü.bhdhni�uü7ni�q7buh1f�q9nub.vhQ7i�clblc1fbhqfi�Mlb�uiq�q7buh1fq�i1�

uiq�ln.vlghiq�cfbféblgiq
��

�

�

�

�

�





 

8i8�
�

�

 

�lièja�
����Cdho�a:�Utmy���djvyar:ar:�èr�djsnlm�h-aQdjayylsr�ylblmtlja�htry�may���	��������������C7i�
ui� q7brlci� à� B��B�� ui� güfMh1pfgh7v� l7uh1hr
� � ������Dn� hvv7n.vlbQ7ldi� lJic� uiq� ln1hc.bMq� ln1h�Blgq��
�vldin1l��i1�ln1h�NMux��c9ln������i1�7ni�viq7bi�Mlb�ghni�qcln�ui�gühn1inqh1f�ui�rg7.biqcinci��c.bbiqM.nuln1�
l7� bic1lndgi�églnc��q7b� gühvldi��� ����vi11in1�in�fJhuinci�7ni�c.�g.clghql1h.n�ui�NMux�lJic�Blgq��à� gl�
q7brlci�lMhclgi�ui�gl�  ���������Dn�hvv7n.vlbQ7ldi�lJic�uiq�ln1hc.bMq�ln1h�Blgq���vldin1l��i1�ln1h�sU��
�AP���c9ln������i1�7ni�viq7bi�Mlb�ghni�qcln�ui�gühn1inqh1f�ui�rg7.biqcinci�c.bbiqM.nuln1�l7�bic1lndgi�églnc�
q7b� gühvldi�  � ���� q7dd&bin1� 7ni� i0Mbiqqh.n� ui� Blgq�� l70� AP��� ������ Dn� hvv7n.vlbQ7ldi� lJic� uiq�
ln1hc.bMq�ln1h�Blgq�� �vldin1l��i1�ln1h�8��qMic1bhn� �MglQ7i�c71hc7glhbi� ��c9ln�� ����i1�7ni�viq7bi�Mlb� ghni�
qcln� ui� gühn1inqh1f� ui� rg7.biqcinci� c.bbiqM.nuln1� l7� bic1lndgi� églnc� q7b� gühvldi� T� ���� q7dd&bin1� 7ni�
i0Mbiqqh.n�ui�Blgq��l7�u.vlhni�lMhclg�ui� gl�  ��� ������Dn�hvv7n.vlbQ7ldi�lJic�uiq�ln1hc.bMq�ln1h�
È;h�� �vldin1l�� i1� ln1h�Blgq�� �c9ln�� ���� i1� 7ni� viq7bi� Mlb� ghni� qcln� ui� gühn1inqh1f� ui� rg7.biqcinci�
c.bbiqM.nuln1�l7�bic1lndgi�églnc�q7b�gühvldi�È�����vi11in1�in�fJhuinci�7ni�c.�g.clghql1h.n�ui�È;h��lJic�
Blgq��à�gl�q7brlci�lMhclgi�ui�gl�  
��T1.hgi��	����B.hn1�ui�ufMlb1�ui�gl�viq7bi�Mlb�ghni�qcln���Abhlndgi���M.hn1�
ui�rhn�ui�gl�viq7bi�Mlb�ghni�qcln
�Tcpiggi����çv
�

�



 

8i9�
�

�

�lièja� 
����Cdho� ay:� aQdjlbva� f� mt� yèjntpa� tdlptma� hay���� f� U��	� ������� �����C7i� ui� q7brlci� ui�
güfMh1pfgh7v�l7uh1hr�à�B��
� ������Dn�hvv7n.vlbQ7ldi�ui�NMux��c9ln��i1�ui�È;h���vldin1l��lJic�ui� gl�
Mplgg.!uhni��dbhq��q7dd&bi�7ni�i0Mbiqqh.n�à�gl�q7brlci�lMhclgi�ui�NMux�i1�È;h�������i1�7ni�i0Mbiqqh.n�ui�
È;h��l7�q.vvi1�uiq�q1fbf.chgq�����������LiMbfqin1l1h.n�qcpfvl1hQ7i�uü7ni�J7i�ui�q7brlci�uü7ni�cigg7gi�
chghfi� �  ��lJic� gi�Mb.rhg� uüi0Mbiqqh.n�uiq�Mb.1fhniq�NMux�i1�È;h��.éqibJf�q7b� giq� hvldiq���i1����� ����
LiMbfqin1l1h.n�qcpfvl1hQ7i�uiq�Mglnq�uülcQ7hqh1h.nq�uiq�hvldiq�c.nr.clgiq�Mbhqiq�in���i1�����������C7i�
ui� q7brlci� ui� güfMh1pfgh7v� l7uh1hr� à� B��� uü7ni� q.7bhq� c.n1b(gi� i1� uü7ni� q.7bhq� iSf3�P.l

� Dn�
hvv7n.vlbQ7ldi� ui� ÈMqv�� lJic� ui� gl� Mplgg.!uhni� v.n1bi� güi0Mbiqqh.n� ui� ÈMqv�� l7� q.vvi1� uiq�
q1fbf.chgq�cpix�giq�q.7bhq�c.n1b(giq�����i1�giq�q.7bhq�iSf3�P.l
�����������Éiq�Mbivh&biq�Q7ln1hrhcl1h.nq��n����
q7b� ciq� hvldiq�ni�vi11in1� Mlq�in�fJhuinci�7ni�uhrrfbinci�ui� g.nd7i7b� uiq� q1fbf.chgq� in1bi� giq� q.7bhq�
c.n1b(giq�i1�giq�q.7bhq�iSf3�P.l

� ��� hq1lg���B���Bb.0hvlg
�Tcpiggi����çv
����

�
 



 

8i0�
�

�
�
�lièja�
����Ot�hvma:lsr�ha��iPC�c
���iPC�c
�����daj:èjéa�mt�bsjdesmsila�a:�mt�psevylsr�ha�mt�:sènna�
plmltlja	�������C7i�ui�q7brlci�à�T�����ui�güfMh1pfgh7v�c.cpgflhbi�uü7ni�q.7bhq�c.n1b(gi�����i1�uü7ni�q.7bhq�
�2CIvN��� �����vlbQ7f�lJic�ui�gl�Mplgg.!uhni���������C7i�ui�q7brlci�à�T�����ui�güfMh1pfgh7v�c.cpgflhbi�
uü7ni�q.7bhq�c.n1b(gi�����i1�uü7ni�q.7bhq��2CIvN��� �����hvv7n.vlbQ7f�lJic�7n�ln1h�È�h���vldin1l��i1�
lJic�ui�gl�Mplgg.!uhni��dbhq�
�Tcpiggi����çv
�
�
�
�





 

8ia�
�

�
�lièja�
����Oay�:ay:y�tèhl:lny�annap:èvy�f�U
��a:�U���peao�may�ysèjly��nNg�sQi��yabémar:�psrhèlja�f�
èra�yèjhl:v�djsijayylPa�a:�yvPgja	�����LiMbfqin1l1h.n�dblMphQ7i�biMbfqin1ln1�gi� ghct�i1�gi�1.ni��7uh1.b9�
�blhnq1iv�LiqM.nqi����L�
� iq�viq7biq� hnuhQ7in1�7ni�l7dvin1l1h.n�Mb.dbiqqhJi�u7�qi7hg�l7uh1hr� �� ����
LiMbfqin1l1h.n�dblMphQ7i�ui�gülvMgh17ui�ui�gü.nui�E�u7� ghct���L��bfM.nqi�u7�nibr�l7uh1hr��in�r.nc1h.n�u7�
nhJil7�q.n.bi
� iq�viq7biq�q7dd&bin1�7ni�l7dvin1l1h.n�ui� gülvMgh17ui�ui�ci11i�.nui�cpix� giq�q.7bhq�
iSf3H.0d��������LiMbfqin1l1h.n�dblMphQ7i�ui�gl�gl1inci�ui�gü.nui�E�q7b�giq� ghct���L�in�r.nc1h.n�u7�nhJil7�
q.n.bi
� iq�viq7biq�q7dd&bin1�7ni�l7dvin1l1h.n�ui�gl�gl1inci�ui�ci11i�.nui�cpix�giq�q.7bhq�iSf3H.0d���
���� LiMbfqin1l1h.n� dblMphQ7i� uiq� viq7biq�  BU�Tq� �uhq1.bqh.n� uiq� .1.fvhqqh.nq� lc.7q1hQ7iq�
�  iq�
viq7biq�q7dd&bin1�Q7i�giq�  T�q.n1�lrric1fiq�cpix�giq�q.7bhq�iSf3H.0d��� 1g��n�����iSf3H.0d���n���
��
�





 

8ii�
�

�
�lièja������O-trtm/ya�y:jèp:èjamma�hè�pajPatè�hay�ysèjly�iSf3�I.
�yèiigja�èra�e/dsdmtyla�hè�psjdy�
ptmmaèQ������Evv7n.vlbQ7ldi�ui�NMux��vldin1l��cpix�uiq�q.7bhq�c.n1b(giq
� i�vlbQ7ldi�q7dd&bi�7n�
vlbQ7ldi�q9nlM1hQ7i�ui�ci11i�Mb.1fhni���������NlbQ7ldi�à�B���ui�gl�v9fghni��rhébi�l0.nlgi��i1�u7� �BE�
�n.9l70��q7b�uiq�c.7Miq�c.b.nlgiq�ui�q.7bhq�c.n1b(giq�����.7�ui�q.7bhq�iSf3�I.
�����������LiMbfqin1l1h.n�
dblMphQ7i� ui� güfMlhqqi7b� u7� c.bMq� clggi70� �rg&cpi� b.7di�� cpix� 7ni� q.7bhq� c.n1b(gi� �dbhq�� i1� 7ni� q.7bhq�
iSf3�I.
��vldin1l�
� iq�u.nnfiq�Mbfghvhnlhbiq�q7dd&bin1�7ni�bfu7c1h.n�ui�güfMlhqqi7b�u7�c.bMq�clggi70�
�n���
�Tcpiggi������çv
��

��

�



 

8ig�
�

�

�

�
�

�

�lypèyylsr�a:�dajydap:lPay��
� �



 

8in�
�

�	��dyb
���èra�djs:vlra�pjl:luèa�dsèj�mt�dsmtjl:v��mt�bt:èjt:lsr�a:�mt�nsrp:lsr�ha�mt����

�7�ufé71�ui�vl�1p&qi��gl�v71l1h.n�ui��uei��f1lh1�c.nn7i�M.7b�’1bi�lqq.chfi�l7�q9nub.vi�

u7�  p7ugi9� Nc 7gg.7dp� � N G��� 7ni� Ml1p.g.dhi� blbi� c.nn7i� M.7b� uiq� q7buh1fq� qfJ&biq� i1�

Mbfc.ciq�lqq.chfiq�à�ui�n.vébi7qiq�ln.vlghiq�cfbféblgiq�i1�uiq�1b.7égiq�c.dnh1hrq��1cvgacC����

� hlx�S.b1l�i1�lg
�������� .pib19�i1�lg
��������Vlgqp�i1�lg
�������
�Éiq�bfq7g1l1q�.é1in7q�Minuln1�

ciq���lnq�.n1�Mibvhq�ui�ufcphrrbib�7ni�élqi�v.gfc7glhbi�M.7b�ci11i�Ml1p.g.dhi��1.71�in�huin1hrhln1�

7n�n.7Jil7�b(gi�v.gfc7glhbi�M.7b�ÈMqv�
�

�	� L)ma�ha��dyb
�htry�mt�bt:èjt:lsr�tdlptma�ha�mt����

Enh1hlgivin1��gi�c.vMgi0i�ÈMqv��È�h��l�f1f�huin1hrhf�i1�ufcbh1�M.7b�q.n�b(gi�q7b�gl�v.u7gl1h.n�
u7�c91.qQ7igi11i�ui�17é7ghni�g.bq�ui�gl�uhJhqh.n�lq9vf1bhQ7i�uiq�cigg7giq�� .g.vé.�i1�lg
�������
�

Tn�������n.1bi�fQ7hMi�lhnqh�Q7ü7ni�fQ7hMi�clnluhinni�.n1�ufv.n1bf�Q7i� 1b&q� 1(1�l7�c.7bq�u7�

ufJig.MMivin1� �u&q�T������� gi�c.vMgi0i�ÈMqv��È�h��lcQ7hib1�7ni�lcc7v7gl1h.n�lq9vf1bhQ7i�
uhq1lgi�à�gl�q7brlci�lMhclgi�ui�gl�  �nfciqqlhbi�à�gl�vhdbl1h.n�1blnqgl1h.nniggi�u7�thn.chg��Txln�i1�

lg
��������Albcphnh�i1�lg
�������
�Dni�v71l1h.n�uiq�d&niq�.7�7ni�léqinci�uüi0Mbiqqh.n�uiq�ui70�

Mb.1fhniq� ui� ci� c.vMgi0i�� dG� bdbP� i1� dG� bd12P�� c.nu7h1� à� 7n� Mpfn.19Mi� B B� lJic� 7n�vl7Jlhq�

M.qh1h.nnivin1�u7�thn.chg�i1�uiq� 1.7rriq�chghlhbiq�vlg�.bhin1fiq�i1�vlgr.bvfiq
� iq�f17uiq�.n1�

lé.71h�à�gl�ufc.7Jib1i�uü7ni�l71bi�J.hi�ui�qhdnlghql1h.n�ui�gl�B B�hn1ibJinln1�ulnq�uiq�cigg7giq�

M.q1�vh1.1hQ7iq
� i11i�J.hi�ui�qhdnlghql1h.n��c.vM.qfi�uiq�Mb.1fhniq�ÈMqv��i1�È�h�l�lg.bq�f1f�
lMMigfi�J.hi�ui�gl�B B�ufMinuln1i�uiq�Mb.1fhniq�Èh��Txln�i1�lg
�������
��

Bg7q� bfcivvin1�� yülh� M7�v.n1bib� gl� Mbfqinci� uiq� Mb.1fhniq� u7� c.vMgi0i�ÈMqv��È�h�� l7�
q.vvi1�uiq�q1fbf.chgq��lJic�7n�inbhcphqqivin1�Mb.dbiqqhr�u&q�T�����y7qQ7ül7�q1lui�lu7g1i
� i�

Mb.rhg�uüi0Mbiqqh.n�q7ddfblh1�7n�b(gi�ui�ci�c.vMgi0i�ulnq�güfg.ndl1h.n�uiq�q1fbf.chgq��c.vvi�M.7b�

giq�Mb.1fhniq�u7�c.vMgi0i�N9.��
�Tn�irri1��giq�Mb.1fhniq�N9.����Vphbghn�i1�TMq��c.vM.qln1�ci�

c.vMgi0i�� q.n1� Mbfqin1iq� l7� q.vvi1� uiq� q1fbf.chgq� i1� y.7in1� 7n� b(gi� iqqin1hig� ulnq� gi7b�

fg.ndl1h.n�i1�vl17bl1h.n���ig9ln1qiJl�i1�lg
��������N.dinqin�i1�lg
��������slvMhnh�i1�lg
�������
�

Éüléqinci�ui�gü7ni�ui�ciq�Mb.1fhniq�iq1�à�gü.bhdhni�ui�q1fbf.chgq�ln.bvlgivin1�c.7b1q��Mg7q�fMlhq��

Mg7q�n.vébi70�i1�ui�gl�Mib1i�ui�gü.bdlnhql1h.n�in�1lhggi�cb.hqqln1i�uiq�q1fbf.chgq
� i�Mpfn.19Mi�

iq1�uhbic1ivin1�in�ghin�lJic�uiq�q7buh1fq�cpix�gl�q.7bhq�vlhq�l7qqh�cpix�güp.vvi
�O.1bi�lnlg9qi�

v.bMp.g.dhQ7i�ui�güfMh1pfgh7v�l7uh1hr�cpix�uiq�q.7bhq�v71fiq�M.7b�giq�d&niq��SNI����SNI��P.l
��

i1��Gcd����Gcd��P.l
��l�vhq�in�fJhuinci�uiq�q1fbf.chgq�ln.bvlgivin1�c.7b1q��Mg7q�fMlhq��i1�gl�Mib1i�

ui�gü.bdlnhql1h.n�in�1lhggi�cb.hqqln1i�uiq�q1fbf.chgq��qhvhglhbiq�l70�Mpfn.19Miq�.éqibJfq�ulnq�giq�

v71ln1q�i)P
���Dhd2gdG�i1��SN�
�Blb�c.nqfQ7in1��1.71�c.vvi�giq�Mb.1fhniq�u7�c.vMgi0i�N9.����



 

8g7�
�

giq�Mb.1fhniq�ÈMqv��i1�È�h��q.n1�iqqin1higgiq�à�güfg.ndl1h.n�i1�gl�vl17bl1h.n�ui�gl�1.7rri�chghlhbi
��

 i�rlj.n�huin1hQ7i�l70�v71ln1q�M.7b�gl�i)P
���gl�Dhd2gdG�.7��SN���uiq�1iq1q�l7uh1hrq�q7b�giq�

v71ln1q�c.nuh1h.nnigq��SNI����SNI��P.l
��ufv.n1bin1�7ni�q7buh1f�Mbfc.ci�i1�qfJ&bi�uiq�q.7bhq�

u&q���qivlhniq
� iq� bfq7g1l1q�qhvhglhbiq�lJlhin1�f1f�M7éghfq�Mbflglégivin1�Mlb� güfQ7hMi�u7� b�

�Jblplv�cpix�giq�q.7bhq� �n4����p.ntib�i1�lg
��������M7hq�c.nrhbvfq�Mlb�gi� b�Albcphnh�cpix�giq�

q.7bhq�  �n��� �Albcphnh� i1� lg
�� �����
� Éiq�q.7bhq� �n��� i1��SNI��P.l
� M.qq&uin1�7ni�v71l1h.n�

qhvhglhbi�lé.71hqqln1�à� gl�q9n1p&qi�uü7ni�r.bvi�1b.nQ7fi�ui�ÈMqv��i0Mbhvln1�7nhQ7ivin1� giq�

ui70�Mbivhibq�u.vlhniq�ABL
�I7ln1�à�gl�q.7bhq� �n4���iggi�M.qq&ui�7ni�v71l1h.n�lé.71hqqln1�à�

gl�q9n1p&qi�uü7ni�r.bvi�1b.nQ7fi�Mg7q�g.nd7i�ui�ÈMqv��nüi0Mbhvln1�Mg7q�giq�u.vlhniq�È.É.c.�

in� �1ibvhnlg��mdlC2a����
�Él�c.vMlblhq.n�uiq�fMh1pfgh7vq�l7uh1hrq�ui�ciq�1b.hq�q.7bhq�v71ln1iq�

q7dd&bi�Q7i�giq�q.7bhq�M.qqfuln1�güi0Mbiqqh.n�uiq�r.bviq�1b.nQ7fiq�ui�ÈMqv��giq�Mg7q�c.7b1iq�

� �n��� i1��SNI��P.l
�� M.qq&uin1� l7qqh� 7ni� lg1fbl1h.n� ui� güfMh1pfgh7v� l7uh1hr� Mg7q� qfJ&bi� Mlb�

blMM.b1�l70�q.7bhq�M.qqfuln1�güi0Mbiqqh.n�uü7ni�r.bvi�1b.nQ7fi�ui�ÈMqv��Mg7q�g.nd7i�� �n4��
�

Un�Mi71�u.nc�Minqib�güi0hq1inci�uü7n�ghin�in1bi�gl�1lhggi�ui�gl�r.bvi�1b.nQ7fi�ui�gl�Mb.1fhni�ÈMqv��

i1�gl�qfJfbh1f�u7�Mpfn.19Mi�ui�güfMh1pfgh7v�l7uh1hr
� iMinuln1��ciq�1b.hq�v71ln1q�uhrrfbin1q�.n1�1.7q�

7n�Mpfn.19Mi�qfJ&bi�ui�q7buh1f�Mbfc.ci��q7ddfbln1�7ni�léq.g7i�nfciqqh1fi�ui�gühn1fdbh1f�ui�gl�

Mb.1fhni
� iq�.éqibJl1h.nq�q7dd&bin1�u.nc�Q7i�gülg1fbl1h.n�ui�güfMh1pfgh7v�l7uh1hr�nüiq1�Mlq�gl�qi7gi�

.bhdhni�ui�ciq�q7buh1fq
���

O.7q�lJ.nq�c.nq1l1f�Q7i�gl�v71l1h.n�ui��Gcd����Gcd��P.l
��indinubi�7n�Mpfn.19Mi�v.hnq�

qfJ&bi�c.vMlbf�à�gl�v71l1h.n�ui��SNI����SNI��P.l
���n.n�qi7givin1�uü7n�M.hn1�ui�J7i�q1b7c17big�

vlhq� l7qqh� r.nc1h.nnig
� Tn� irri1�� gl�v71l1h.n� ui��SNI�� c.nu7h1� à� 7ni� g.nd7i7b� ln.bvlgi� ui�

güinqivégi� uiq� q1fbf.chgq�� c.n1blhbivin1� à� gl� v71l1h.n� ui��Gcd�� .»� uiq� q1fbf.chgq� ui� 1lhggiq�

n.bvlgiq� Mibqhq1in1� Mlbvh� giq� q1fbf.chgq� ln.bvlgivin1� c.7b1q� l7� qihn� uü7ni� v’vi�   
� Tn�

léqinci�ui�È�h���gl�qfJfbh1f�ui�ci�Mpfn.19Mi�qivégi�dblu7iggi�gi�g.nd�ui�gül0i�1.n.1.MhQ7i�lJic�
gülMi0�ui�gü.bdlni�ui� .b1h�v.hnq�lrric1f�Q7i�gl�élqi��u.nnfi�n.n�v.n1bfi�
� iq�bfq7g1l1q�q.n1�

c.pfbin1q�lJic�giq�bfq7g1l1q�uiq�1iq1q�l7uh1hrq�Q7h�v.n1bin1�Q7i�giq�pl71iq�rbfQ7inciq�q.n1�Mg7q�

lrric1fiq� Q7i� giq� élqqiq� rbfQ7inciq� cpix� gi� v71ln1� �Gcd��P.l
� �Nl7bhlc� i1� lg
�� �����
�  iq�

.éqibJl1h.nq�q7dd&bin1�7ni�c.vMinql1h.n�ui�gl�r.nc1h.n�ui�È�h��Mlb�7ni�l71bi�hq.r.bvi�ui�ci11i�
Mb.1fhni�à�gülMi0�ui�gl�c.cpgfi
�Èbèci�à�7ni�c.gglé.bl1h.n�lJic�giq�Bb�O:bnéibd�i1� b�L:11hdib��

n.7q�lJ.nq�Jlghuf�7ni�c.vMinql1h.n�ui�gl�r.nc1h.n�ui�È�h��Mlb�È�h��à�gülMi0�ui�gl�c.cpgfi���iib�
Slvvib�i1�lg
�� �����
�O.7q�lJ.nq�M7�lhnqh�v.n1bib�Q7i� gl�v71l1h.n�ui��Gcd�� ��Gcd��P.l
��ni�

Mib17béi�Mlq� gl�v.bMp.g.dhi�ui�güfMh1pfgh7v�l7uh1hr�lg.bq�Q7i�gl�v71l1h.n�qhv7g1lnfi�uiq�d&niq�

�Gcd�� i1��Gcd�� ��Gcd����P.l
�� indinubi� uiq� q1fbf.chgq� ln.bvlgivin1� c.7b1q� gi� g.nd� ui� gül0i�
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1.n.1.MhQ7i��ui�rlj.n�qhvhglhbi�à�gl�qhvMgi�v71l1h.n�ui��SNI���vlhq�ui�rlj.n�Mg7q�qfJ&bi�Q7i�gl�

qhvMgi� v71l1h.n� ui� �Gcd�
�  iq� .éqibJl1h.nq� c.!nchuin1� lJic� gi� Mb.rhg� uüi0Mbiqqh.n� ui� ciq�

Mb.1fhniq�.éqibJf�gi�g.nd�ui�gül0i�1.n.1.MhQ7i
�O.7q�lJ.nq�lhnqh�v.n1bf�Q7i�È�h��iq1�i0Mbhvfi�
1.71�gi�g.nd�ui�gül0i�1.n.1.MhQ7i�ui�gl�c.cpgfi�lg.bq�Q7i�güi0Mbiqqh.n�ui�È�h��iq1�ghvh1fi�à�gülMi0
��

��ci�y.7b��gü.bhdhni�ui�ci11i�uhrrfbinci�u7�Mb.rhg�uüi0Mbiqqh.n�ui�ciq�Mb.1fhniq�gi�g.nd�ui�gül0i�

1.n.1.MhQ7i�biq1i�hnc.nn7i
� iMinuln1��hg�M.7bblh1�’1bi�inJhqldf�Q7i�ci�Mpfn.v&ni�q.h1�cl7qf�

Mlb�gi�rlh1�Q7i�gülMi0�i1�gl�élqi�ui�gl�c.cpgfi�ni�q.hin1�Mlq�lMMlb7q�l7�v’vi�v.vin1�l7�c.7bq�

ui�güfJ.g71h.n
�Tn�irri1��gülnlg9qi�ui�r.qqhgiq�bfJ&gi�Q7ühnh1hlgivin1�giq�Mbhvl1iq�Mbfqin1lhin1�7ni�

c.cpgfi�c.7b1i�lJic�7ni�dblnui�bfq.g71h.n�M.7b� giq�pl71iq�rbfQ7inciq��élqi�ui�gl�c.cpgfi��i1�

7ni� rlhégi� qinqhéhgh1f� l70� élqqiq� rbfQ7inciq� �lMi0� ui� gl� c.cpgfi�
� B7hq�� Mb.dbiqqhJivin1�� l7�

c.7bq�ui� güfJ.g71h.n�7n�lgg.ndivin1�ui� gl�c.cpgfi�qüiq1�.Mfbf��lé.71hqqln1�à� gl� r.bvl1h.n�uü7n�

.bdlni�1.n.1.MhQ7i
��rhn�ui�vhnhvhqib�l7�vhi70�ci1�inc.vébivin1��gl�c.cpgfi�l�f1f�c.n1blhn1i�

ui�qüinb.7gib� q7b�iggi�v’vi�l7�qihn�u7�cbèni� � .givln�lnu��.9ib�������
� i11i�v.uhrhcl1h.n�

v.bMp.g.dhQ7i� l� c.nu7h1� à� 7ni� l7dvin1l1h.n� ui� gl� qinqhéhgh1f� l70� élqqiq� rbfQ7inciq��

c.bbiqM.nuln1�à�7ni�i01inqh.n�u7�u.vlhni�lMhclg
��70�J7iq�ui�ciq�hnr.bvl1h.nq��.n�Mi71�u.nc�

fvi11bi�güp9M.1p&qi�Q7ü7ni�n.7Jiggi�hq.r.bvi�ui�È�h��q.h1�lMMlb7i�l7�c.7bq�ui�güfJ.g71h.n�ulnq�
gl�Mlb1hi�lMhclgi�u7�clnlg�c.cpgflhbi
� i11i�n.7Jiggi�hq.r.bvi��f1ln1�È�h���l7blh1�u.nc�7ni�r.nc1h.n�
biu.nuln1i� ui� È�h�� ulnq� ci11i� bfdh.n
� Éüi0Mbiqqh.n� ui� È�h�� gi� g.nd� ui� gül0i� 1.n.1.MhQ7i�
q7ddfbiblh1�u.nc�Q7üiggi�iq1�gühq.r.bvi�”lnciq1blgiF
��

O.q�f17uiq�c.vM.b1ivin1lgiq�irric17fiq�q7b�n.q�q.7bhq��SNI��P.l
�vi11in1�in�fJhuinci�7n�

c.vM.b1ivin1�p9Miblc1hr�lhnqh�Q7ü7n�ufrl71�uü.bhin1l1h.n�ulnq�güiqMlci��ufMglcivin1�in�cibcgi�
�

 i�c.vM.b1ivin1�iq1� ghf�à�uiq�ufrl71q�u7�q9q1&vi�Jiq1hé7glhbi�� gü.bdlni�ui� güfQ7hghébi��i1�Mg7q�

Mlb1hc7gh&bivin1�l70�q1fbf.chgq�ln.bvlgivin1�c.7b1q�uiq�  �Jiq1hé7glhbiq��Nl7bhlc�i1�lg
��������

Albcphnh�i1�lg
�������
� i� rlj.n�q7bMbinln1i��ci�Mpfn.19Mi�Jiq1hé7glhbi�nül�Mlq�f1f�vin1h.nnf�

ulnq� giq�uhrrfbin1q�clq�cghnhQ7iq�uiq�Ml1hin1q�l11ihn1q�u7� N G
�Un�M.7bblh1�inJhqldib�Q7i�ci�

ufrl71��éhgl1fblg��c.nu7hblh1�à� gl�vhqi�in�Mglci�ui�vfclnhqviq�ui�c.vMinql1h.n� 1b&q�Mbfc.ciq�

cpix� ciq� Ml1hin1q
� �7� c.7bq� u7� ufJig.MMivin1� ui� güinrln1�� güf1b.h1i� c.gglé.bl1h.n� in1bi� ���� gi�

q9q1&vi� Jiq1hé7glhbi�� ���� gi� q9q1&vi� Jhq7ig�� i1� ���� gi� q9q1&vi� qinq.bhig� �Mb.Mbh.ciM1h.n�� Jl�

Mibvi11bi�gülcQ7hqh1h.n�à�gl�r.hq�ui�gl�q1léhghql1h.n�u7�bidlbu�l7�c.7bq�uiq�ufMglcivin1q�ui�gl�1’1i�

i1�à�gl�q1léhghql1h.n�u7�1b.nc�ulnq�uiq�c.nuh1h.nq�u9nlvhQ7iq�i1�q1l1hQ7iq
� i�n.vébi7qiq�f17uiq�

.n1�ufv.n1bf�Q7i�gülg1fbl1h.n�u7�q9q1&vi�Jiq1hé7glhbi�u&q�gl�nlhqqlnci�f1lh1�à�gü.bhdhni�uü7n�bi1lbu�

uülcQ7hqh1h.n�u7�c.n1b(gi�M.q17blg�u7�c.bMq�i1�Mlb�c.nqfQ7in1�7n�bi1lbu�ui�gl�vlbcpi
� iMinuln1��

cpix�ciq�inrln1q�gi�ufJig.MMivin1�lccb7�u7�q9q1&vi�Jhq7ig�i1�u7�q9q1&vi�Mb.Mbh.ciM1hr�Mibvi1�
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7ni�c.vMinql1h.n�ui�gl�ufrlhgglnci�u7�q9q1&vi�Jiq1hé7glhbi��Mibvi11ln1�uülJ.hb�7ni�Jhi�n.bvlgi
�

Un�Mi71�inJhqldib�Q7i�giq�Mb.ég&viq�Jiq1hé7glhbiq�cpix�giq�Ml1hin1q�M.b1i7bq�u7� N G�n*.n1�Mlq�

M7� ’1bi� ufcigfq� à� cl7qi� ui� ci11i� c.vMinql1h.n
� �rhn� ui� Jlghuib� Q7i� ci� Mpfn.19Mi� iq1� l7qqh�

Mbfqin1�cpix�güp.vvi��hg�iq1�MbfJ7�Q7i�gi�Bb�Hbhiuvln��lJic�Q7h�n.7q�q.vviq�in�c.gglé.bl1h.n��

bflghqi�uiq�1iq1q�Jiq1hé7glhbiq�uhbic1ivin1�cpix�ciq�Ml1hin1q
�Eg�i0hq1i�uhrrfbin1q�1iq1q�Mibvi11ln1�

ui�Jlghuib�7n�ufrhch1�Jiq1hé7glhbi��gi�Mg7q�c.7bln1�iq1�gi�1iq1�ui�qic.7ivin1�ui�gl�1’1i
� lnq�ci�clq��

giq�Ml1hin1q�M.b1in1�uiq� g7ni11iq�.MlQ7iq�lrhn�ui� giq� hvvibdib�ulnq� gü.éqc7bh1f�i1�uüfJh1ib�7ni�

c.vMinql1h.n� Jhq7iggi� Minuln1� gi� 1iq1
�  iq� g7ni11iq� q.n1� bighfiq� à� 7ni� clvfbl� hnrblb.7di�

Mibvi11ln1�uüinbidhq1bib�gi�bfrgi0i�.c7glhbi
� lnq�ci�1iq1��gl�1’1i�u7�Ml1hin1�iq1�1.7bnfi�Minuln1�

Mg7qhi7bq� qic.nuiq� ui� ub.h1i� à� dl7cpi
� �Mb&q� gülbb’1� u7� v.7Jivin1�� gi� bfrgi0i� .c7glhbi� iq1�

inbidhq1bf
�  pix� 7n� Ml1hin1� qlnq� ufrhch1� l7c7n� v.7Jivin1� .c7glhbi� ni� u.h1� ’1bi� uf1ic1f
� Tn�

biJlncpi��7n�Ml1hin1�lJic�7n�ufrhch1�Jiq1hé7glhbi�v.n1bibl�7ni�.qchggl1h.n�n.n�c.n1b(gfi�ui�gü–hg��

1fv.hdnln1�uü7ni�gfqh.n�Jiq1hé7glhbi
��

�7�c.7bq�ui�n.1bi�f17ui��n.7q�lJ.nq�c.nq1l1f�Q7i�gülcc7v7gl1h.n�ui�ÈMqv��i1�È�h��qivéglh1�
’1bi�biq1bihn1i�l7�q.vvi1�uiq�q1fbf.chgq�giq�Mg7q�g.ndq��blndfi���
�A.71ir.hq��ci11i�léqinci�ui�

vlbQ7ldi�ulnq�giq�l71biq�blndfiq�ui�gl�1.7rri�chghlhbi�nüi0cg71�Mlq�Q7i�ciq�Mb.1fhniq�M7hqqin1�9�

’1bi� i0Mbhvfiq� in� v.hnubi� Q7ln1h1f�� uhrrhchgivin1� uf1ic1légiq
� Lfcivvin1�� gi�  b� AluiniJ� l�

q7ddfbf�güléqinci�uüi0Mbiqqh.n�ui�ÈMqv���È�h��i1�Vphbghn�l7�q.vvi1�uiq�v.9inniq�i1�Mi1h1iq�
blndfiq�ui�q1fbf.chgq��blndfi���i1���
�Eg�Jl�Mg7q�g.hn�ulnq�q.n�lnlg9qi�in�lrrhbvln1�Q7i�gl�Mbfqinci�

biq1bhc1hJi�ui�ciq�Mb.1fhniq�l7�q.vvi1�uiq�q1fbf.chgq�ui�gl�Mbivh&bi�blndfi�Mibvi1�ui�uf1ibvhnib�

gühuin1h1f�ui�ci11i�blndfi�i1�ui�Mibvi11bi�gü.bdlnhql1h.n�uiq�q1fbf.chgq�in�1lhggiq�cb.hqqln1iq
�Eg�élqi�

ci11i� lrrhbvl1h.n� q7b� gi� rlh1� Q7üin� güléqinci� ui�ÈMqv�� i1�È�h��� gl� Mbfqinci� uiq� Mb.1fhniq� u7�
c.vMgi0i�N9.���nüiq1�Mlq�q7rrhqln1i�M.7b�Mibvi11bi�7ni�fg.ndl1h.n�c.bbic1i�uiq�q1fbf.chgq
� Eg�

.éqibJi�Q7üin�güléqinci�ui�ÈMqv��i1�È�h���giq�Mb.1fhniq�u7�c.vMgi0i�N9.����q.n1�lcc7v7gfiq�
ui� rlj.n� p.v.d&ni� i1� lJic� 7ni� hn1inqh1f� Mg7q� rlhégi� l7� q.vvi1� ui� 1.7q� giq� q1fbf.chgq��

c.n1blhbivin1�à�7ni�c.nuh1h.n�c.n1b(gi�.»�iggiq�q.n1�Mbfrfbin1higgivin1�lcc7v7gfiq�l7�q.vvi1�

uiq�q1fbf.chgq�ui�gl�Mg7q�dblnui�blndfi
�O.q�hvv7n.vlbQ7ldiq�ui�gl�N9.���q.n1�in�lcc.bu�lJic�

ci11i�.éqibJl1h.n
� iMinuln1��c.n1blhbivin1�l7� b�AluiniJ�n.7q�.éqibJ.nq�7ni�uhvhn71h.n�ui�

gühn1inqh1f�ui�gl�Vphbghn�in�léqinci�ui�ÈMqv��i1�È�h�
�Un�Mi71�Minqib�Q7i�ci11i�uhrrfbinci�Mi71�
’1bi�u7i�l7�rlh1�Q7i�n.7q�lJ.nq�71hghqf�uiq�ln1hc.bMq�ni�bic.nnlhqqln1�Mlq�gl�v’vi�bfdh.n�ui�gl�

Vphbghn�i1�u.nc�ni�bic.nnlhqqln1�Mlq�giq�v’viq�hq.r.bviq�ui�ci11i�Mb.1fhni
�Tn�irri1��ulnq�n.1bi�

f17ui�� güln1hc.bMq�71hghqf� bic.nnlê1� gl� r.bvi� g.nd7i�ui� gl�Vphbghn�� lg.bq�Q7i�ulnq� güf17ui�u7� b�

AluiniJ�güln1hc.bMq�71hghqf�Mibvi1�ui�bic.nnlê1bi�gl�r.bvi�c.7b1i�ui�ci11i�Mb.1fhni
�Tn�qi�élqln1�

q7b�gi�rlh1�Q7i�ciq�ui70�hq.r.bviq�q.n1�i0Mbhvfiq�l7�q.vvi1�uiq�q1fbf.chgq��.n�Mi71�u.nc�Minqib�
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Q7i� gl� v71l1h.n� ui� �SNI�� hvMlc1i� uhrrfbivvin1� ciq� ui70� hq.r.bviq
�  i11i� uhvhn71h.n� ui�

gühn1inqh1f�ui�rg7.biqcinci�uiq�Mb.1fhniq�u7�c.vMgi0i�N9.���.éqibJfi�in�léqinci�ui�ÈMqv��i1�

È�h��q7dd&bi�7n�irri1�q7b�gi�1blnqM.b1�.7�gi�vlhn1hin�uiq�Mb.1fhniq�u7�c.vMgi0i�N9.���l7�q.vvi1�
uiq�q1fbf.chgq�Mlb�giq�Mb.1fhniq�ÈMqv��i1�È�h�
�Él�r.nc1h.n�q1léhghql1bhci�ui�ÈMqv��q7b�gl�Vphbghn��
Q7i�n.7q�lJ.nq�ufc.7Jib1�dG�bd12P��binr.bci�ci11i�hufi
� i�rlj.n�hn1fbiqqln1i��n.7q�lJ.nq�.éqibJf�

7ni�hn1ibufMinulnci�in1bi�giq�Mb.1fhniq�ÈMqv���È�h��i1�Vphbghn� dG�bd12P�vlhq�l7qqh� dG�bdbP
�Tn�
irri1��n.7q�lJ.nq�.éqibJf�Q7i�güléqinci�ui�ÈMqv��.7�È�h��ni�Mibvi11lh1�Mlq�gl�g.clghql1h.n�ui�
gl�Vphbghn�l7�q.vvi1�uiq�q1fbf.chgq�i1�bdya�ba2Nc
� iq�u.nnfiq�q7dd&bin1�u.nc�gl�Mbfqinci�uü7n�

vlcb.c.vMgi0i�c.vM.qf�uiq�Mb.1fhniq�N9.����Vphbghn��TMq���ÈMqv��i1�È�h��l7�q.vvi1�uiq�
q1fbf.chgq�� nfciqqlhbi� à� güfg.ndl1h.n� ui� ci11i� q1b7c17bi
�  i11i� p9M.1p&qi� qivégi� uül71ln1� Mg7q�

Mgl7qhégi�Q7i�güléqinci�ui�cplc7ni�ui�ciq�Mb.1fhniq�c.nu7h1�à�7n�Mpfn.19Mi�qhvhglhbi�lJic�uiq�

q1fbf.chgq�Mg7q�c.7b1q��Mg7q�fMlhq�i1�7ni�Mib1i�ui�gi7b�.bdlnhql1h.n�in�1lhggiq�cb.hqqlnciq
��7�c.7bq�

ui�qiq�1blJl70��gi� b�AluiniJ�ufv.n1bi�fdlgivin1�7n�dbluhin1�ui�gühn1inqh1f�ui�rg7.biqcinci�ui�

gl�N9.���in1bi�ciq�uhrrfbin1iq�blndfiq��lJic�7ni�Mg7q�r.b1i�i0Mbiqqh.n�ui�ci11i�Mb.1fhni�ulnq�gl�

blndfi�gl�Mg7q�g.nd7i�ui�q1fbf.chgq
�Glcpln1�Q7i�gl�Q7ln1h1f�ui�N9.���l7�q.vvi1�uiq�q1fbf.chgq�

iq1�Mb.M.b1h.nniggi�à�gl�g.nd7i7b�ui�ci11i�q1b7c17bi��Lxluxhnqtl�i1�lg
������l���.n�Mi71�Minqib�Q7i�

gl�Mib17bél1h.n�ui�ci�dbluhin1�uühn1inqh1f�ui�N9.���iq1�uhbic1ivin1�in�ghin�lJic�gl�Mib17bél1h.n�

ui�gl�1lhggi�uiq�q1fbf.chgq�in�léqinci�ui�ÈMqv��i1�È�h�
��7�J7�ui�n.q�bfq7g1l1q��ci11i�bfMlb1h1h.n�
riblh1�hn1ibJinhb�gi�c.vMgi0i�ÈMqv��È�h��Q7h�Mibvi11blh1�7n�bicb71ivin1�vlhn1hin�ui�gl�N9.���ui�
rlj.n�Mg7q�hvM.b1ln1i�ulnq�giq�q1fbf.chgq�ui�gl�Mbivh&bi�blndfi
�Blb�c.nqfQ7in1��in�güléqinci�

ui� ÈMqv�� i1� È�h��� gi� bicb71ivin1�vlhn1hin� uiq� Mb.1fhniq� u7� c.vMgi0i� ui� gl� N9.��� qiblh1�
Mib17béf� ci� Q7h� c.nu7hblh1� à� 7ni� bfMlb1h1h.n� p.v.d&ni� ui� ciq� Mb.1fhniq� i1� u.nc� à� uiq� 1lhggiq�

fQ7hJlgin1iq�ui�q1fbf.chgq
��

�Éi�  b� AluiniJ� q7dd&bi� güi0hq1inci� ui� ui70� c.vMgi0iq� uhq1hnc1q� �� gi� c.vMgi0i�

N9.���TMq��Vphbghn�ÈMqv��È�h�� l7� q.vvi1� uiq� q1fbf.chgq� giq� Mg7q� g.ndq� i1� gi� c.vMgi0i�
N9.���TMq��l7�q.vvi1�uiq�v.9inniq�i1�Mi1h1iq�blndfiq�ui�q1fbf.chgq
� i11i�.bdlnhql1h.n�qiblh1�

iqqin1higgi�à�gü.é1in1h.n�ui�q1fbf.chgq�ui�1lhggi�cb.hqqln1i
���ci�y.7b��giq�vfclnhqviq�Mibvi11ln1�

güi0Mbiqqh.n�uiq�Mb.1fhniq�ÈMqv��i1�È�h��7nhQ7ivin1�l7�nhJil7�uiq�q1fbf.chgq� giq�Mg7q� g.ndq�
q.n1� hnc.nn7q
� iMinuln1��.n�Mi71�Minqib�Q7i�gülcc7v7gl1h.n�lq9vf1bhQ7i�ui�ÈMqv��È�h��in�
M.qh1h.n�uhq1lgi�l7�M(gi�lMhclg�ui�gl�  ��uibbh&bi�gl�Mbivh&bi�blndfi�ui�q1fbf.chgq�� y.7i�7n�b(gi�

uf1ibvhnln1�M.7b�Q7i�ciq�Mb.1fhniq�q.hin1�i0cg7qhJivin1�i0Mbhvfiq�ulnq�ci11i�Mbivh&bi�blndfi
�

B.7b�cigl��.n�Mi71�Minqib�Q7i�giq�Mb.1fhniq�Enqc��Blb��i1�lBR �hn1ibJhinnin1�ulnq�ci11i�r.nc1h.n
�

Tn� irri1�� gi� b� Albcphnh� q7dd&bi� Q7i� gl� Mb.1fhni� Enqc� i1� gi� c.vMgi0i� ui� Mb.1fhniq�Blb��lBR �
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qüi0cg7in1� à� gl� q7brlci� lMhclgi� ui� gl�   �� Mibvi11ln1� uüin� ufrhnhb� giq� u.vlhniq� Mb.0hvlg�

�g.clghql1h.n�ui�Blb��lBR ��i1�uhq1lg��g.clghql1h.n�ui�Enqc�ÈMqv��È�h����Albcphnh�i1�lg
������l�
�Eg�
q7dd&bi�Q7i�güléqinci�ui�Enqc�c.nu7h1�à�gl�Mib1i�ui�gl�g.clghql1h.n�ui�ÈMqv��à�gl�q7brlci�lMhclgi�

ui�gl�  �in�rlJi7b�uü7ni�bi�g.clghql1h.n�ui�ci11i�Mb.1fhni�l7�q.vvi1�uiq�q1fbf.chgq
� i�Mg7q��in�

léqinci�ui�Enqc�7ni�i0Mlnqh.n�ui�güi0Mbiqqh.n�ui�Blb��lBR �iq1�.éqibJfi
�Un�Mi71�u.nc�Minqib�

Q7i�gl�Mb.1fhni�Enqc�l�7ni�r.nc1h.n�ui�q1léhghql1h.n�i1�ui�vlhn1hin�ui�güi0Mbiqqh.n�lq9vf1bhQ7i�ui�

ÈMqv��i1�È�h��à� gl�q7brlci�lMhclgi�ui� gl�  ��lg.bq�Q7üà� gühnJibqi� giq�Mb.1fhniq�Blb��i1�lBR �
rlJ.bhqiblhin1�güi0Mbiqqh.n�ui�ÈMqv��l7�q.vvi1�uiq�q1fbf.chgq
���


	� �vpsèPaj:a�h-èra�rsèPamma�nsrp:lsr�a:�h-èr�rsèPatè�dtj:artlja�dsèj��dyb
���Ot�
Seljmlr��

Blb� hvv7n.MbfchMh1l1h.n�� n.7q� lJ.nq� ufc.7Jib1� güi0hq1inci� uü7n� n.7Jig� hn1iblc1i7b� M.7b�

ÈMqv����gl�Vphbghn
� i11i�hn1iblc1h.n�l�f1f�bfcivvin1�Jlghufi�Mlb�gi� b�AluiniJ��AluiniJ�i1�lg
��

����l�
� Bg7q� Mbfchqfvin1�� dbèci� à� uiq�ÈGA�B7gg�u.2n�� n.7q� lJ.nq� ufv.n1bf� 7ni� hn1iblc1h.n�

in1bi�gi�u.vlhni�O�1ibvhnlg�ui�ÈMqv��i1�gi�u.vlhni� �1ibvhnlg�ui�gl�Vphbghn
�O.7q�lJ.nq�f1f�

Mg7q�g.hn�ulnq�n.1bi�lnlg9qi�in�ufv.n1bln1�Q7i�ÈMqv��q1léhghqi�güi0Mbiqqh.n�ui�gl�Vphbghn�dG�bd12P��

O.7q�lJ.nq�fdlgivin1�.éqibJf�7ni�hn1iblc1h.n�in1bi�È�h��i1�Vphbghn��cGGa.a�A�mdlC2a��
�
� i11i�
hn1iblc1h.n�l�bfcivvin1�f1f�Jlghufi�Mlb�gi� b�AluiniJ��AluiniJ�i1�lg
��������ci�Q7h�q7dd&bi�Q7i�

ÈMqv��i1�È�h��M.7bblhin1�1.71iq�giq�ui70�lJ.hb�gl�clMlch1f�ui�ghib�gl�Vphbghn
�

�hin�Q7i�gl�Mbfqinci��.7�güléqinci��ui�ÈMqv��i1�È�h��v.u7gi�gi�bl1h.�uülc1hni�H�lc1hni�È�
ulnq�uiq�cigg7giq�STR���A�i1�uiq�ni7b.niq�in�c7g17bi��n.q�bfq7g1l1q�ni�ufv.n1bin1�Mlq�7n�b(gi�

uhbic1�ui�ÈMqv��q7b� gl�M.g9vfbhql1h.n�uülc1hni
� lnq� gi�é71�ui�Jlghuib�7ni�fJin17iggi� r.nc1h.n�

uhbic1i�ui�È�h��q7b�gl�M.g9vfbhql1h.n�uülc1hni�n.7q�lJ.nq�71hghqf�7n�th1�Mibvi11ln1�ui�viq7bib�gl�
chnf1hQ7i� ui� M.g9vfbhql1h.n� uülc1hni� in� 1ivMq� bfig� in� Mbfqinci� ui� Mb.1fhni� È�h�� M7bhrhfi�
�c91.qtigi1.n�“�th1��R����
�Nlgpi7bi7qivin1��gi�1lvM.n�Mibvi11ln1�ui�M7bhrhib�i1�ui�vlhn1inhb�gl�

c.nr.bvl1h.n�È B�ui�È�h���r.bvi�ghfi�à�ÈMqv���lJlh1�7n�irri1�n7cgfl1i7b�Mb.Mbi�n.7q�ivM’cpln1�
ui�c.ncg7bi�q7b�7n�irri1�ui�ci11i�Mb.1fhni�qi7gi
�O.7q�lJ.nq�fdlgivin1� 1iq1f�in�c.gglé.bl1h.n�

lJic� gi� b�P
��hbu�7n�irri1�uhbic1�ui�È�h��q7b� gl�Jh1iqqi�ui�ufMglcivin1�ui� gl�N9.���q7b�uiq�
rhglvin1q�uülc1hni�dG�NdgdyP��gà�l7qqh�qlnq�q7cc&q
��

Tn�Mlblgg&gi��n.7q�lJ.nq�cpibcpf�à�uf1ibvhnib�qh�giq�r.bviq�1b.nQ7fiq�ui�ÈMqv��M.7Jlhin1�

hvMlc1ib�uhrrfbivvin1�gi�1l70�ui�M.g9vfbhql1h.n�uülc1hni�i1�lJ.hb�7n�irri1�u.vhnln1�nfdl1hr
�B.7b�

cigl��n.7q�lJ.nq�71hghqf�uiq�cigg7giq�pf1fb.g.d7iq�� UG����Q7h�dfn&bin1�ui�n.vébi70�i1� g.ndq�

rhg.M.uiq�g.bq�uü7ni�c.�1blnqric1h.n�lJic�gl�N9.���i1�gl�Vphbghn
� lnq�n.1bi�c.nuh1h.n�c.n1b(gi��giq�
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cigg7giq�i0Mbhvlhin1�gl�N9.���i1�gl�Vphbghn��lg.bq�Q7i�ulnq�n.1bi�c.nuh1h.n�1iq1�iggiq�i0Mbhvlhin1�

gl�N9.���i1�gl�Vphbghn�in�Mbfqinci�ui�ÈMqv��.7�ui�r.bviq�1b.nQ7fiq�ui�ÈMqv�
�Tn�viq7bln1�

gl� g.nd7i7b� uiq� uhJibq� rhg.M.uiq�� Q7h� iq1� Mb.M.b1h.nniggi� à� gl� u9nlvhQ7i� ui�

M.g9vfbhql1h.n�ufM.g9vfbhql1h.n� uülc1hni�� n.7q� lJ.nq� bivlbQ7f� Q7i� güi0Mbiqqh.n� ui� gl� r.bvi�

in1h&bi�ui�ÈMqv��l7dvin1i�qhdnhrhcl1hJivin1�gl�g.nd7i7b�uiq�rhg.M.uiq��lg.bq�Q7üà�gühnJibqi�giq�

r.bviq�1b.nQ7fiq�uhvhn7in1�ui�rlj.n�qhdnhrhcl1hJi�ci11i�g.nd7i7b
�Tn�rlh1��giq�rhg.M.uiq�dfnfbfq�

lJic�7ni� r.bvi� 1b.nQ7fi�ui�ÈMqv��f1lhin1�in�v.9inni�Mg7q�c.7b1q�Q7i�ci70�dfnfbfq�Mlb� gl�

Mbfqinci�ui�N9.���i1�Vphbghn�qi7giq��q7ddfbln1�7n�irri1�u.vhnln1�nfdl1hr�uiq�r.bviq�1b.nQ7fiq�

ui�ÈMqv�
�Éüinqivégi�ui�ciq�r.bviq�M.qq&ui�1.7y.7bq�güi0Mbiqqh.n�ui�gi7b�u.vlhni�O�1ibvhnlg�

�u.vlhniq�ABL�
�Un�Mi71�u.nc�Minqib�Q7i�ciq�c.nq1b7c1h.nq�vlhn1hinnin1�gi7bq�hn1iblc1h.nq�in�

O�1ibvhnlg�vlhq�ég.Q7in1�uiq�J.hiq�ui�qhdnlghql1h.n�l70Q7iggiq�iggiq�Mlb1hchMlhin1�in�ni�ghln1�Mg7q�

gi7bq�Mlb1inlhbiq�Mb.1fhQ7iq�in� �1ibvhnlg
��

 i11i�r.nc1h.n�u7�c.vMgi0i�ÈMqv��È�h��q7b�gl�v.u7gl1h.n�u7�c91.qQ7igi11i�uülc1hni�M.7bblh1�
i0MghQ7ib� gl� Mbfqinci� uiq� q1fbf.chgq� ln.bvlgivin1� c.7b1q� i1� Mlb� c.nqfQ7in1� giq� q7buh1fq�

bi1b.7Jfiq�cpix�giq�Ml1hin1q�l11ihn1q�u7� N G
� i�Mg7q��ci11i�Jlbhléhgh1f�ui�Mpfn.19Miq�.éqibJfi�

dG� bd12P� hnu7h1i� Mlb� giq� uhrrfbin1iq� r.bviq� 1b.nQ7fiq� ui� ÈMqv�� M.7bblh1� ’1bi� à� gü.bhdhni� ui� gl�

Jlbhléhgh1f�ui�Mpfn.19Miq�bi1b.7Jfq�cpix�giq�Ml1hin1q�M.b1i7bq�u7� N G
��

�	� ��dyb
��� èra� djs:vlra� rvpayytlja� f� mt� nsrp:lsr� y/rtd:luèa� ha� mt� ��� a:� tè�
hvPamsddabar:�hè�itrimlsr�ydljtm�����

�hin�Q7i�gülg1fbl1h.n�ui�gl�g.nd7i7b�uiq�q1fbf.chgq�g.bq�ui�gl�v71l1h.n�ui��SNI����Gcd��i1�

�Gcd����qivégi�’1bi�gl�cl7qi�vlyi7bi�uiq�q7buh1fq�bi1b.7Jfiq�cpix�ciq�v71ln1q�v7bhnq��.n�Mi71�

fdlgivin1�inJhqldib�Q7i�uül71biq�ln.vlghiq�ui�gl�  �M.7bblhin1�Mlb1hchMib�à�ciq�q7buh1fq
��

�� gülhui� uühvldiq� .é1in7iq� in� vhcb.c.Mhi� fgic1b.nhQ7i� à� élgl9ldi�� n.7q� lJ.nq� vhq� in�

fJhuinci�Q7i�giq�1hM�ghntq�in1bi�giq�q1fbf.chgq�q.n1�1.7y.7bq�Mbfqin1q�cpix�giq�v71ln1q��SNI��P.l
�

i1��Gcd��P.l

� i11i�.éqibJl1h.n�q7dd&bi�u.nc�Q7i�giq�clnl70�ui�vfcln.1blnqu7c1h.n�.n1�1.7y.7bq�

gl� M.qqhéhgh1f� uü’1bi� .7Jib1q
� �� gülhui� u7� c.g.bln1� HNE���� Mibvflégi� l70� clnl70� ui�

vfcln.1blnqu7c1h.n�� gi�  b� Albcphnh� l� ufv.n1bf� Q7i� q7b� 7n� v.u&gi� v7bhn� v71f� M.7b��SNI��

� �n�����i1�7n�v.u&gi�v7bhn�hnlc1hJf�M.7b�gl�J.hi�ui�qhdnlghql1h.n�uiq�Mb.1fhniq�È�h��q.7bhq�ursc���
giq� clnl70� ui� vfcln.1blnqu7c1h.n� q.n1� r.nc1h.nnigq� �Albcphnh� i1� lg
�� �����
�  iMinuln1�� in�

lnlg9qln1�gi7bq�bfq7g1l1q�.n�Mi71�.éqibJib�Q7i�gühn1inqh1f�ui�HNE����iq1�Jhqhégivin1�uhvhn7fi�cpix�

ciq�v71ln1q�Mlb�c.vMlblhq.n�l70�q.7bhq�c.n1b(giq
�Un�Mi71�q7MM.qib�Q7i�ci11i�uhvhn71h.n�ui�

gühn1inqh1f� ui� rg7.biqinci� q.h1� in� ghin� lJic� 7ni� uhvhn71h.n� ui� gl� r.nc1h.nnlgh1f� ui� ciq� clnl70�
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hnu7h1i�Mlb�uiq�q1fbf.chgq�Mg7q�c.7b1q�lhnqh�Q7i�Mlb�gl�Mib1i�ui�gü.bdlnhql1h.n�in�1lhggi�cb.hqqln1i�

uiq�q1fbf.chgq
� i11i�lg1fbl1h.n�ui�gülbcph1ic17bi�ui�gl�1.7rri�chghlhbi�c.nu7hblh1�à�7ni�uhvhn71h.n�ui�

gl�1inqh.n�i0ibcfi�Mlb�giq�1hM�ghntq�i1�Mlb�c.nqfQ7in1�à�7ni�uhvhn71h.n�ui�gl�Mb.éléhgh1f�uü.7Jib17bi�

uiq� clnl70� ui� vfcln.1blnqu7c1h.n
�  i� Mpfn.19Mi� M.7bblh1� u.nc� M.1in1hlghqib� giq� q7buh1fq�

bi1b.7Jfiq�cpix�n.q�v.u&giq�v7bhnq
�

Un�Mi71�l7qqh�inJhqldib�Q7ü7ni�l11ihn1i�q9nlM1hQ7i�à�gl�élqi�uiq�  E�M.7bblh1�Mlb1hchMib�à�

ciq�q7buh1fq
�Tn�qi�élnqln1�q7b�uiq�hvv7n.vlbQ7ldiq�uiq�clnl70�GR���  �hvvl17bi��i1��R�

�  �vl17bi��� gi�  b� L:11hdib� l� ufv.n1bf� Q7i� gl�v71l1h.n� ui��Gcd�� .7��Gcd�� nülrric1i� Mlq� gl�

vl17bh1f�q9nlM1hQ7i�lg.bq�Q7i�gl�v71l1h.n�qhv7g1lnfi�ui�ciq�ui70�d&niq�c.nu7h1�à�uiq�q9nlMqiq�

hvvl17biq���iib�Slvvib�i1�lg
�������
�Lfcivvin1��Mlb�gü71hghql1h.n�uiq�v’viq�vlbQ7i7bq�i1�Mlb�

7ni�lnlg9qi�v.bMp.g.dhQ7i�à�gl�élqi�ui�gl�  E��ci11i�hvvl17bh1f�l�l7qqh�f1f�.éqibJfi�Mlb�gi� b�

Piln�ulnq�giq�q.7bhq� �n���i1�ursc��Piln�i1�lg
�������
� i�Mg7q��hg�ufv.n1bi�Q7i�giq�Mb.1fhniq�

È�h�i1�ÈMqv��q.n1�iqqin1higgiq�à�gl�vhqi�in�Mglci�u7�dbluhin1�ui�1lhggi�uiq�q9nlMqiq�à�b7éln�à�
gl�élqi�uiq�  E
�Tn�irri1��c.n1blhbivin1�à�7ni�c.nuh1h.n�c.n1b(gi�.»�7n�dbluhin1�ui�gl�1lhggi�uiq�

q9nlMqiq�à�b7éln�iq1�.éqibJf�lJic�uiq�q9nlMqiq�Mg7q�J.g7vhni7qiq�u7�c(1f�Mb.0hvlg��v.uh.glb��

i1�uiq�q9nlMqiq�Mg7q�Mi1h1iq�u7�c(1f�uhq1lg��Mhgglb��� .l1i�lnu�Riggi9��������Éhéibvln�i1�lg
���������

gühnlc1hJl1h.n�uiq�Mb.1fhniq�È�h��NPC2dN�ursc���güléqinci�ui�È�h����Gcd��� ��i1�ÈMqv��� �n����
c.nu7hqin1� à� 7ni� 1lhggi� huin1hQ7i� ui� ciq� q9nlMqiq� gi� g.nd� ui� ci1� l0i� �Piln� i1� lg
�� �����
�

 iMinuln1��hg�.éqibJi�dbèci�à�7n�hvv7n.vlbQ7ldi�uiq�Mb.1fhniq�LE�TaT� 1�B��Q7i�gi�n.vébi�

ui�q9nlMqiq�à�b7éln�ni�qivégi�Mlq�’1bi�lrric1f�g.bq�ui�gühnlc1hJl1h.n�uiq�Mb.1fhniq�È�h��NPC2dN�
ursc�
�  iMinuln1�� ci11i� hnr.bvl1h.n� nüiq1� Mlq� hnuhQ7fi� M.7b� giq� q.7bhq�  �n��� i1� hg� qiblh1�

hn1fbiqqln1� ui� gi� uf1ibvhnib
� �7� nhJil7� r.nc1h.nnig�� hg� .éqibJi� 7ni� l7dvin1l1h.n� u7� c.7bln1�

clgchQ7i� in� ghin� lJic� 7ni� l7dvin1l1h.n� u7� n.vébi� ui� clnl70�  lJ�
�� à� gl� élqi� ui� gl�   E
�

Éüinqivégi� ui� ciq� bfq7g1l1q� iq1� in� rlJi7b� uü7ni� hvvl17bh1f� ui� gl�  E
�Tn� Mg7q� ui� gülg1fbl1h.n�

v.bMp.g.dhQ7i�ui�gl�1.7rri�chghlhbi�à�gülMi0�ui�gl�  ��ci11i�lg1fbl1h.n�q9nlM1hQ7i�à�gl�élqi�ui�gl�

  E� M.7bblh1� u.nc� Mlb1hchMib� l70� q7buh1fq� cpix� ciq� v.u&giq� v7bhnq
� Tn� lcc.bu� lJic� gi7bq�

hn1ibMbf1l1h.nq�� .n� Mi71� c.ncg7bi� Q7i� giq� Mb.1fhniq�È�h� i1� ÈMqv��� Mlb1hchMin1� à� 7n� c.vMgi0i�
v.gfc7glhbi�à�gl�élqi�ui�gl�  E�nfciqqlhbi�à�gl�vl17bl1h.n�ui�ciggi�ch
��

��ci� y.7b��.n�ni�c.nnlh1�Mlq�ui�élqi�v.gfc7glhbi�in� ghin�lJic� gi�c.vMgi0i�ÈMqv��È�h��
r.nc1h.nnln1�à�gl�élqi�ui�gl�  E
� iMinuln1��.n�Mi71�inJhqldib�Q7i�gi�vlcb.c.vMgi0i�r.bvf�Mlb�

giq�Mb.1fhniq�uiq�c.vMgi0iq�ÈMqv��È�h��i1�gl�Vphbghn�l7�q.vvi1�uiq�q1fbf.chgq�q.h1�l7qqh�Mbfqin1�
à� gl� élqi� ui� gl�   E
� Gh� n.7q� Mbin.nq� güi0ivMgi� uiq� Mp.1.bfciM1i7bq� ui� gl� bf1hni� Q7h� iq1� 7n�

q9q1&vi�1b&q�Mb.cpi�uiq�  �ui� gl�c.cpgfi�� gl�Vphbghn� hn1ibldh1�i1�Mlb1hchMi�à� gl�uhq1bhé71h.n�uiq�
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clnl70� lJ�
���Ribq1in�i1�lg
���������s.7�i1�lg
�������
�Blb�i01blM.gl1h.n��qlcpln1�Q7i�ciq�v’viq�

clnl70� q.n1� lrric1fq� in� güléqinci�ui�ÈMqv��i1�È�h��� .n� Mi71� Minqib� Q7i� gl�Vphbghn� M.7bblh1�
r.bvib�7n�vlcb.c.vMgi0i�lJic�ciq�Mb.1fhniq�ci�Q7h�M.7bblh1�i0MghQ7ib�Q7i�gi�n.vébi�ui�clnl70�

 lJ�
��q.h1�lrric1f�à�gl�élqi�ui�gl�  E
�

Bi7�ui�cp.qiq�q.n1�inc.bi�c.nn7iq�q7b�gl�r.nc1h.n�ui�È�h��i1�ui�ÈMqv��in�M.q1�q9nlM1hQ7i
�
A.71ir.hq��gi�v71ln1�ursc�qivégi�Mbfqin1ib�uiq�uinqh1fq�M.q1�q9nlM1hQ7iq��BG ����Mg7q�glbdiq�

i1�Mg7q�c.vMgi0iq�in�ghin�lJic�gl�Mib17bél1h.n�ui�gl�bfMlb1h1h.n�uiq�clnl70� lJ�
��l7�nhJil7�Mbf�

q9nlM1hQ7i� �Piln� i1� lg
�� �����
�  i� Mg7q�� gi� b�L:11hdib�vi1� in� fJhuinci� güi0Mbiqqh.n� ui�È�h��
fdlgivin1�l7�nhJil7�u7�dlndgh.n�qMhblg��i1�.éqibJi�in�güléqinci�ui�ci11i�Mb.1fhni�7ni�uhvhn71h.n�

ui� güi0Mbiqqh.n� uiq� bfciM1i7bq� JÈÉDA�� �Jiqhc7glb� dg71lvl1i� 1blnqM.b1ib� ��� in� ghin� lJic� 7ni�

bfu7c1h.n�ui�güi0ch1léhgh1f�ui�ci�ni7b.ni���iib�Slvvib�i1�lg
�������
� iq�bfq7g1l1q�q7dd&bin1�u.nc�

l7qqh�7n�b(gi�uiq�Mb.1fhniq�È�h�in�M.q1�q9nlM1hQ7i
��

�	� Uajydap:lPay�:evjtdaè:luèay�

 lnq�7n�é71�1pfblMi71hQ7i��hg�qiblh1�hn1fbiqqln1�ui�1iq1ib�cpix�n.q�q.7bhq�v71fiq�M.7b��SNI��

qh�7ni�biq1l7bl1h.n�l7uh1hJi�iq1�M.qqhégi�Mlb� hnyic1h.n�ui�Jhb7q� hn1bl�c.cpgflhbi
� i11i� 1icpnhQ7i�

c.nqhq1i� in� gühnyic1h.n� uü7n� Jhb7q� c.uln1� M.7b� n.q� Mb.1fhniq� uühn1fb’1� uhbic1ivin1� ulnq� gü.bihggi�

hn1ibni�in1bi�B��i1�B�
�Blbvh�giq�Jhb7q��ui�n.vébi70�qfb.19Miq�ui�Jhb7q���C�.n1�f1f�1iq1fq�i1�à�

güpi7bi�lc17iggi��gi�qfb.19Mi��O ��É���qivégi�’1bi�gi�Mg7q�irrhclci�lJic�Mb&q�ui�����ui�  E�i1�

  T�hnric1fiq�lhnqh�Q7i�Mb&q�ui�����uiq�cigg7giq�u7�dlndgh.n�qMhblg���pviu�i1�lg
��������G7x7th�

i1�lg
�������
�Gh�.n�Mbinu�güp9M.1p&qi�Q7i�gl�q7buh1f�cpix�n.q�q.7bhq��SNI��P.l
�iq1�vly.bh1lhbivin1�

u7i�à�gl�Mbfqinci�ui�q1fbf.chgq�ln.bvlgivin1�c.7b1q��n.1bi�é71�qiblh1�ui�biq1l7bib� gl� g.nd7i7b�

uiq� q1fbf.chgq� in� q7bi0Mbhvln1� gl� r.bvi� ql7Jldi�ui� ci11i� Mb.1fhni
� i11i� qh17l1h.n� l� ufyà� f1f�

ufcbh1i�M.7b�gi�v71ln1�Dhd2ga2��v71f�M.7b�gl�Dhd2gdG��Q7h�Mbfqin1i�uiq�q1fbf.chgq�ln.bvlgivin1�

c.7b1q�1.71�c.vvi�g.bq�ui�güléqinci�ui�ÈMqv�
� i�v.u&gi�v7bhn�iq1�c.nn7�M.7b�lJ.hb�7ni�q7buh1f�

qfJ&bi�i1�Mbfc.ci�lhnqh�Q7i�uiq�Mb.ég&viq�Jiq1hé7glhbiq
� lnq�gi�é71�uü7ni�biq1l7bl1h.n�l7uh1hJi�

i1�Jiq1hé7glhbi��gi� b�Eqdbhd�l�hnyic1f�Mlb�giq�clnl70�qivh�chbc7glhbiq�7n�Jhb7q���C��qfb.19Mi������

c.uln1�M.7b�gl�Vphbghn
�Blb�ci11i�1icpnhQ7i��hg�.é1hin1�7ni�hnric1h.n�vhnhv7v�ui�����uiq�  
�Eg�

.éqibJi�7ni�biq1l7bl1h.n�1.1lgi�ui�gl�g.nd7i7b�uiq�q1fbf.chgq�uiq�  �hnric1fiq��l7qqh�éhin�ulnq�

gl�c.cpgfi�Q7i�ulnq�gi�Jiq1hé7gi
� i11i�biq1l7bl1h.n�Mibvi1�7ni�biq1l7bl1h.n�1.1lgi�ui�gl�r.nc1h.n�

Jiq1hé7glhbi� cpix� ciq� q.7bhq� hnyic1fiq
�  iMinuln1�� qi7givin1� 7ni� biq1l7bl1h.n� Mlb1higgi� ui�

gül7uh1h.n�iq1�.é1in7i�cpix�giq�q.7bhq�hnyic1fiq
�Eg�fvi1�güp9M.1p&qi�Q7ü7ni�biq1l7bl1h.n�1.1lgi�ui�

gül7uh1h.n�qiblh1�M.qqhégi�lJic�7ni�hnric1h.n�Mg7q�hvM.b1ln1i�uiq�  
�Tn�qi�élqln1�q7b�ciq�f17uiq��



 

8gg�
�

.n�Mi71�q7MM.qib�Q7i�gühnyic1h.n�à�B����cpix�giq�q.7bhq��SNI��P.l
�uü7n�Jhb7q�c.uln1�M.7b�gl�r.bvi�

in1h&bi�ui�ÈMqv��lJic�7n�qfb.19Mi��O ��É����M.7b�lJ.hb�7ni�vihggi7bi� hnric1h.n��Mibvi11blh1�

7ni�biq1l7bl1h.n�ui�gl�g.nd7i7b�uiq�q1fbf.chgq�i1�u.nc�l7�vhnhv7v�7ni�biq1l7bl1h.n�Mlb1higgi�ui�

gl�r.nc1h.n�l7uh1hJi
��

 .vvi�uhqc71f�Mbfcfuivvin1��in�Mg7q�uülrric1ib�güfg.ndl1h.n�i1�gl�v.bMp.g.dhi�ui�gl�1.7rri�

chghlhbi�à�gülMi0�ui�gl�  ��gl�v71l1h.n�ui��SNI��.7��Gcd�q.n1�l7qqh�in�ghin�lJic�7ni�lg1fbl1h.n�

q9nlM1hQ7i�à�gl�élqi�ui�gl�  E
�Éiq�1blJl70�u7� b� 7g.n�in������ufv.n1bin1�Q7i�gl� glbhn���iq1�

iqqin1higgi�à�gl�r.hq�à�gülMi0�ui�gl�  E��M.7b�gl�v.bMp.g.dhi�i1�gl�vlhn1inlnci�ui�gl�1.7rri�chghlhbi��

vlhq�l7qqh�à� gl�élqi�ui� gl�  E�l7�c.7bq�u7�ufJig.MMivin1�uiq�q9nlMqiq�à� b7éln
� lnq�ciq�

1blJl70��hg�ufv.n1bi�Q7i�gühnyic1h.n�hn1bl�c.cpgflhbi�Mlb�gl�rin’1bi�b.nui�in1bi�B��i1�B��uü7n�Jhb7q�

�qfb.19Mi���C�����c.uln1�M.7b�gl� glbhn���cpix�uiq�q.7bhq�v71fiq�M.7b�gl��gc2dG�
�Mibvi1�7ni�

lvfgh.bl1h.n�ui�gl�r.nc1h.n�l7uh1hJi�in�ghvh1ln1�giq�ufrl71q�v.bMp.g.dhQ7iq�ui�gl�1.7rri�chghlhbi�lhnqh�

Q7i� giq�ufrl71q� q9nlM1hQ7iq� � 7g.n�i1� lg
�� �����
��7�J7�ui�ciq� bfq7g1l1q�� .n�Mi71�Minqib�Q7i�

gühnyic1h.n�Jhblgi�hn1blc.cpgflhbi�biq1i�7ni�i0ciggin1i�1icpnhQ7i�M.7b�7ni�biq1l7bl1h.n�ui�gl�r.nc1h.n�

l7uh1hJi�cpix�giq�q.7bhq��SNI��P.l
�Mlb�biq1l7bl1h.n�ui�gl�g.nd7i7b�uiq�q1fbf.chgq�vlhq�l7qqh�in�

ghvh1ln1�giq�ufrl71q�q9nlM1hQ7iq
��

 iMinuln1�� .n� qlh1� Q7i� gl� vhqi� in� Mglci� ui� gl� 1.7rri� chghlhbi� lhnqh� Q7i� giq� c.nnic1h.nq�

q9nlM1hQ7iq�q.n1�ufyà�f1léghiq�à�gl�nlhqqlnci�cpix�gl�q.7bhq�i1�qi�ufJig.MMin1�Minuln1�giq�ui70�

Mbivh&biq� qivlhniq� M.q1�nl1lgiq
�Un� Mi71� u.nc� Minqib� Q7ü7ni� hnyic1h.n� Jhblgi� M.q1�nl1lgi� ni�

Mibvi11i�Mlq�7ni�biq1l7bl1h.n�1.1lgi�u7�Mpfn.19Mi�clb�giq�ufrl71q�hnu7h1q�Mlb�güléqinci�ui�ci11i�

Mb.1fhni�qiblhin1�ufyà�f1léghq
� lnq�gi�clq�.»�l7c7ni�lvfgh.bl1h.n�u7�Mpfn.19Mi�nüiq1�.éqibJfi�

g.bq�uü7ni�hnyic1h.n�Jhblgi�M.q1�nl1lgi��.n�Mi71�Minqib�Q7i�ci11i�hnyic1h.n�iq1�1b.M�1lbuhJi�M.7b�lJ.hb�

7ni�biq1l7bl1h.n�1.1lgi�u7�Mpfn.19Mi
�Eg�qiblh1�u.nc�hn1fbiqqln1�ui�1iq1ib�qh�7ni�hnric1h.n�Jhblgi�dG�

C1a2P�l7blh1�gl�clMlch1f�uühnu7hbi�7ni�vihggi7bi�biq1l7bl1h.n�u7�Mpfn.19Mi���iub.qhln�i1�lg
��������

Vlnd�i1�lg
������é�
��

�hin�Q7i� giq�ui70� 1icpnhQ7iq�uühnric1h.n� �dG�C1a2P�i1�M.q1�nl1lgi��q.hin1� bflghqfiq�cpix� gl�

q.7bhq�� hg� iq1� inc.bi� uhrrhchgi� uüinJhqldib� ci11i� 1icpnhQ7i� cpix� güp.vvi
� Éü7ni� uiq� dblnuiq�

uhrrhc7g1fq�M.7b�1blh1ib�ci1�.bdlni�iq1�q.n�lcciqqhéhgh1f
�A.71ir.hq��éhin�Q7i�ci�q.h1�l7qqh�7n�.éq1lcgi�

M.7b�gü–hg��ui�n.vébi70�iqqlhq�cghnhQ7iq�71hghqln1�uiq���C�.n1�ufé71f�cpix�güp.vvi��AblMlnh�lnu�

�7bhccph.�������
� iq�u.nnfiq� glhqqin1�u.nc�ui� güiqM.hb�M.7b�J.hb�7n� y.7b�7ni�bfdfnfbl1h.n�ui�

gül7uh1h.n�Mlb�hnyic1h.n�Jhblgi
�
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ÈMqv�� iq1� inbhcphi� ulnq� gl� x.ni� ui� dfnfbl1h.n� uiq� Mb.dfnh1i7bq� ni7b.nl70� �Cs�� i1� iq1�

c.nn7i�M.7b�q.n� b(gi�l7�c.7bq�ui� gl�ni7b.dfn&qi� �R.nn.�i1�lg
�������
�Éüléqinci�ui�ÈMqv��

c.nu7h1� à� 7ni� Mib17bél1h.n� ui� gü.bhin1l1h.n� u7� r7qil7� vh1.1hQ7i� ui� uhJhqh.n� uiq� Mb.dfnh1i7bq�

ni7b.nl70�indinubln1�7ni�uhrrfbin1hl1h.n�Mbfc.ci�i1�7n�fM7hqivin1�Mbfvl17bf�uiq�Mb.dfnh1i7bq�

lMhcl70
��7c7ni�ln.vlghi�v.bMp.g.dhQ7i�u7�c.b1i0�nülJlh1�f1f�.éqibJfi�cpix�ci�v71ln1�Mlb�gi�

 b� R.nn.� �R.nn.� i1� lg
�� �����
� O.1bi� Mb.Mbi� lnlg9qi� v.bMp.g.dhQ7i� u7� cibJil7� uiq� q.7bhq�

�SNI��I.
� bfJ&gi� 7ni� p9M.Mglqhi� u7� c.bMq� clggi70�� 7n� uiq� Mpfn.19Miq� q9q1fvl1hQ7ivin1�

bi1b.7Jfq� cpix� giq� Ml1hin1q� l11ihn1q� u7�  N G
�  i11i� vlgr.bvl1h.n� Mi71� lJ.hb� l7� v.hnq� ui70�

.bhdhniq��� ���� 7ni� Mib17bél1h.n� u7� n.vébi� ui� Mb.dfnh1i7bq� ni7b.nl70� i1�.7� ���� 7n� ufrl71� ui�

güfg.ndl1h.n� i1� u7� d7huldi� l0.nlg� Q7h� q.n1� 1.7q� giq� ui70� uiq� vfclnhqviq� ufMinuln1q� u7�

c91.qQ7igi11i�uülc1hni�i1�ui�17é7ghni
��Él�Mb.yic1h.n�uiq�l0.niq�c.vvhqq7bl70�q7b�güpfvhqMp&bi�

c.n1b.gl1fblg�iq1�M.qqhégi�dbèci�l7�ufMglcivin1�u7�c(ni�ui�cb.hqqlnci� bhcpi�in�lc1hni
�O.7q�

lJ.nq�u.nc�ulnq�7n�Mbivhib�1ivMq�lnlg9qf�gühvMlc1�ui�gl�v71l1h.n�ui��SNI��q7b�gl�v.1hgh1f�u7�

c(ni� ui� cb.hqqlnci
� O.1bi� lnlg9qi� dG� bd12P� bfJ&gi� 7ni� uhvhn71h.n� ui� gl� Jh1iqqi� lhnqh� Q7ü7ni�

l7dvin1l1h.n�u7�n.vébi�ui�Ml7qiq�u7�c(ni�ui�cb.hqqlnci
� i�Mpfn.19Mi�ni�qivégi�Mlq�’1bi�

ufMinuln1� u7� q7éq1bl1� q7b� giQ7ig� ciq� ni7b.niq� q.n1� c7g1hJfq
� Blb� c.nqfQ7in1�� giq�v.gfc7giq�

uülupfqh.nq�ni�qivégin1�Mlq�Mlb1hchMib�l7�blgin1hqqivin1�u7�c(ni�ui�cb.hqqlnci��Q7h�qiblh1�u)�à�

7n�Mpfn.v&ni� hn1bhnq&Q7i�l7�ni7b.ni
� i�Mpfn.19Mi�M.7bblh1� ’1bi�i0MghQ7f�Mlb� gi� rlh1� Q7i� gl�

v71l1h.n�ui��SNI��c.nu7h1�à�7ni�Mib17bél1h.n�ui�gl�u9nlvhQ7i�uülc1hni�l7�qihn�ui�ci11i�q1b7c17bi
�

 iq�ln.vlghiq�qiblhin1�à�gü.bhdhni�ui�gl�bfu7c1h.n�ui�gl�v.1hgh1f�u7�c(ni�ui�cb.hqqlnci�i1�u.nc�à�

gü.bhdhni� ui� güp9M.Mglqhi� u7� c.bMq� clggi70� cpix� ci�v.u&gi�v7bhn�vlhq� l7qqh� cpix� giq� Ml1hin1q�

l11ihn1q�u7� N G
��

 i� rlj.n� .bhdhnlgi�� n.q� 1blJl70� vi11in1� u.nc� in� lJln1� 7ni� élqi�v.gfc7glhbi� c.vv7ni��

c.vM.qfi�uiq�Mb.1fhniq�u7�c.vMgi0i�ÈMqv��È�h���i0MghQ7ln1�à�gl�r.hq�giq�q7buh1fq�i1�güp9M.Mglqhi�
u7� c.bMq� clggi70
�  .vvi� gi� c.vMgi0i� ÈMqv��È�h�� Mlb1hchMi� l7qqh� à� gl� v.u7gl1h.n� u7�
c91.qQ7igi11i�uülc1hni�ulnq�giq�ni7b.niq��n.7q�M.7J.nq�Minqib�Q7i�ciq�Mb.1fhniq�Mlb1hchMin1�l7�

v’vi�vlcb.c.vMgi0i�Mbfqin1�l7�q.vvi1�uiq�q1fbf.chgq�lJic�giq�Mb.1fhniq�u7�c.vMgi0i�ui�gl�

N9.��
� Tn� qi� élqln1� q7b� uiq� hvv7n.MbfchMh1l1h.nq� rlh1iq� à� Mlb1hb� ui� g9ql1� phMM.clvMhQ7i� i1�

v.n1bln1�7ni�hn1iblc1h.n�in1bi�ÈMqv��i1�gl�Vphbghn��.n�Mi71�Minqib�Q7i�gl�Vphbghn�Mlb1hchMi�l7qqh�

à�ci�vfclnhqvi
� lnq�giq�ni7b.niq�phMM.clvMhQ7iq��gl�N9.����p.v.g.d7i�ui�gl�N9.����y.7i�
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7n� b(gi� iqqin1hig� ulnq� gi� ufJig.MMivin1� ni7b.nlg� in� bfd7gln1� uiq� rlc1i7bq� iqqin1higq� l7�

biv.uigldi�ui�gülc1hni��Éhn�i1�lg
�������
�Un�Mi71�u.nc�Minqib�Q7i�gl�N9.���l7qqh�M7hqqi�r.bvib�

7n�c.vMgi0i�lJic�ÈMqv���È�h��i1�gl�Vphbghn�ulnq�giq�ni7b.niq
�A.71ir.hq��n.7q�lJ.nq�ufc.7Jib1�
Mlb� 2iq1ibn� ég.1� q7b� 1hqq7� phMM.clvMhQ7i� rblhq� Q7i� gl�N9.��� f1lh1� l7qqh� i0Mbhvfi� l7� nhJil7�

cfbféblg� �u.nnfi� n.n� v.n1bfi�
� Un� Mi71� u.nc� Minqib� Q7i� gi� c.vMgi0i� ÈMqv��È�h�� Mi71�
fdlgivin1�hn1ibldhb�lJic�gi�c.vMgi0i�ui�gl�N9.���l7�nhJil7�cfbféblg
� i�vlcb.c.vMgi0i�M.7bblh1�

lg.bq� y.7ib�ql�r.nc1h.n�q7b� gl�v.u7gl1h.n�ui� gl�u9nlvhQ7i�u7�c91.qQ7igi11i�uülc1hni�ulnq�ci11i�

q1b7c17bi�ui�rlj.n�qhvhglhbi�l70�q1fbf.chgq
���

�hin� Q7i�n.7q� l9.nq� 7ni� élqi�v.gfc7glhbi� M.7b� giq� p9M.Mglqhiq� u7� c.bMq� clggi70�� n.7q�

biq1.nq�qlnq� bfM.nqi�M.7b� gü.bhdhni�uül71biq�ln.vlghiq�cfbféblgiq�Mbfqin1iq�cpix� giq�Ml1hin1q�

l11ihn1q� u7�  N G
�  lnq� gi� clq� uiq� pf1fb.1.Mhiq� .7� uiq� M.g9vhcb.d9bhiq� gü.bhdhni� Mi71� ’1bi�

c.vv7ni� i1� Mi71� ’1bi� i0MghQ7fi� Mlb� 7ni� Mib17bél1h.n� ui� gl� ni7b.dfn&qi�� ui� gl� vhdbl1h.n�

ni7b.nlgi� .7� ui� ciq� ui70� Mlblv&1biq� c.véhnfq� ��7cpqél7v� lnu�  lMMigg.�� ����é�
� B.7b�

uf1ibvhnib�qh�ÈMqv��y.7i�l7qqh�7n�b(gi�l7�c.7bq�ui�gl�vhdbl1h.n�ni7b.nlgi��n.7q�lJ.nq�cp.hqh�

uü71hghqib�gl�1icpnhQ7i�ui�güfgic1b.M.bl1h.n� dG�C1a2P����g.nd�1ibvi��dbèci�à�ci11i�1icpnhQ7i��n.1bi�

.éyic1hr� qibl� uülnlg9qib� gühnrg7inci� ui� gl� q7bi0Mbiqqh.n� ui� ÈMqv�� �ÈMqv�HÉ�� i1� uü7ni� r.bvi�

1b.nQ7fi� ui� ci11i� Mb.1fhni� �ÈMqv�L���Y��� Q7h� c.bbiqM.nu� à� 7ni� uiq� r.bviq� indinubln1� giq�

ln.vlghiq�cfbféblgiq�giq�Mg7q�qfJ&biq��q7b� gl�vhdbl1h.n�ni7b.nlgi�cpix�giq�Ml1hin1q�l11ihn1q�u7�

 N G� �1cvgacC� ��
� Glcpln1� Q7i� gl� vhdbl1h.n� ni7b.nlgi� iq1� 7n� vfclnhqvi� ufMinuln1� u7�

c91.qQ7igi11i� uülc1hni� i1� ui� 17é7ghni� i1� Q7i� ÈMqv�� hnrg7inci� ciq� Mlblv&1biq�� n.7q� n.7q�

l11inu.nq�à�ci�Q7i�gl�q7bi0Mbiqqh.n�ui�ÈMqv�HÉ�.7�ÈMqv�L���Y�Mib17béi�gl�vhdbl1h.n�ni7b.nlgi�

l7�nhJil7� c.b1hclg
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Nom (Invert br s) Nom (mammifères) Sub localisation 
cellulaire 

Expression dans 
l’ pith lium 
cochl aire

Souris Mutantes Ph notypes mutants R f rences 

Strabismus (Stbm)/
Van Gogh (Vang)

Va  Gogh Like 1-2 
(Va gl) T5a160e0b5a1a.5e Pô/e ).67a/ )e6 C 

Loop )a l (Lp/Lp) : 
mu)a) on (pon)anée 

de Vangl2 
P-é127;3e PCP M217(2848.2/ e7 a/. 

2003

Vangl1-/- 
P-é127;3e PCP /é,e5 

(203a5é à /a 
087a7.21 Vangl2Lp/Lp

T25ba1 e7 a/., 2008

Vangl2 KO (Vangl2 
ΔTM(/ΔTM()

Le7-a/ 
(C5a1.25a(-.6(-.6.6) - 
3-é127;3e PCP

C23/e; e7 a/., 2012, 
Y.1 e7 a/., 2012

Vangl2 CKO (Pax2 
cre)

P-é127;3e PCP 
G5a).e17 )e 6évé5.7é 
CCI<CCE1<CCE2<C
CE3 - Re67a85a7.21 )8 
3-é127;3e e1 3267 

1a7a/

C23/e; e7 a/., 2012

Vangl2LP/ΔTM(

P-é127;3e PCP 3/86 
f257 48e /e 087a17 

Va1,/2 ΔTM6/ΔTM6  (Effe7 
)20.1a17 1é,a7.f )e /a 

087a7.21 Lp)

Y.1 e7 a/., 2012

Vangl1+/- / Vangl2+/- 
cKO 

 évè5e 3-é127;3e 
PCP T25ba1 e7 a/., 2008

Frizzled (Fz) Frizzled 1 à 10 (Fz) T5a160e0b5a1a.5e Pô/e 352:.0a/ )e /a 
CC FZ3-/- / FZ6-/- P-é127;3e PCP Wa1, e7 a/., 2006

Flamingo (Fmi) / 
Starr  night (Stan)	
	 	

Celser 1, 2 et 3 
(Celsr) T5a160e0b5a1a.5e Pô/e 352:.0a/ e7 ).67a/ 

)e /a CC

(p n c-cle (Sc-) e) 
cra(h (Cr(h) : 

M87a7.21 63217a1ée 
)e Ce/651

P-é127;3e PCP C857.1 e7 a/., 2003

Cel(r1 KO P-é127;3e PCP D8(a1 e7 a/., 2017 ; 

Dishevelled (Dsh) Dishevelled 1, 2 et 3 
(Dvl) C tosolique Pô/e ).67a/ )e /a CC

D+l1-/-  ;  D+l2-/- ; 

D+l3-/-  ; D+l1+/- / D+l3-/- 
O5.e17a7.21 1250a/e 
)e6 728ffe6 (./.a.5e6

Wa1, e7 a/., 2005 ; 
E7-e5.),e e7 a/., 2008D+l2+/- / D+l3+/-  ;  

D+l1+/- / D+l3-/- ; 

D+l1+/- / D+l2+/-
P-é127;3e PCP

Prickle (Pk) / Spin  leg 
(Sple) Prickle like 1 à 4 (Pk) C tosolique N21 e:35.0ée M257 e0b5;211a.5e - Dea16 e7 a/., 2007

Diego (Dgo) A krd6 / I versi  / 
diverti  C tosolique Pô/e 352:.0a/ )e /a 

CC 
Ankrd6-/-  e7 Ankrd6-/- ; 

Vangl2+/lp

P-é127;3e PCP 48e 
e1 35é6e1(e )’81e 

087a7.21 
-é7é52<;,27e )e 

Vangl2

J21e6 e7 a/., 2014
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