
University of Nebraska Medical Center University of Nebraska Medical Center 

DigitalCommons@UNMC DigitalCommons@UNMC 

Journal Articles: Pharmacology & Experimental 
Neuroscience Pharmacology & Experimental Neuroscience 

2017 

Kiss-and-Run Is a Significant Contributor to Synaptic Exocytosis Kiss-and-Run Is a Significant Contributor to Synaptic Exocytosis 

and Endocytosis in Photoreceptors. and Endocytosis in Photoreceptors. 

Xiangyi Wen 
University of Nebraska Medical Center, xiangyi.wen@unmc.edu 

Grant W. Saltzgaber 
University of Nebraska Medical Center, grant.saltzgaber@unmc.edu 

Wallace B. Thoreson 
University of Nebraska Medical Center, wbthores@unmc.edu 

Follow this and additional works at: https://digitalcommons.unmc.edu/com_pen_articles 

 Part of the Medical Pharmacology Commons, and the Neurosciences Commons 

Recommended Citation Recommended Citation 
Wen, Xiangyi; Saltzgaber, Grant W.; and Thoreson, Wallace B., "Kiss-and-Run Is a Significant Contributor to 
Synaptic Exocytosis and Endocytosis in Photoreceptors." (2017). Journal Articles: Pharmacology & 
Experimental Neuroscience. 52. 
https://digitalcommons.unmc.edu/com_pen_articles/52 

This Article is brought to you for free and open access by the Pharmacology & Experimental Neuroscience at 
DigitalCommons@UNMC. It has been accepted for inclusion in Journal Articles: Pharmacology & Experimental 
Neuroscience by an authorized administrator of DigitalCommons@UNMC. For more information, please contact 
digitalcommons@unmc.edu. 

http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/com_pen_articles
https://digitalcommons.unmc.edu/com_pen_articles
https://digitalcommons.unmc.edu/com_pen
https://digitalcommons.unmc.edu/com_pen_articles?utm_source=digitalcommons.unmc.edu%2Fcom_pen_articles%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/960?utm_source=digitalcommons.unmc.edu%2Fcom_pen_articles%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1010?utm_source=digitalcommons.unmc.edu%2Fcom_pen_articles%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/com_pen_articles/52?utm_source=digitalcommons.unmc.edu%2Fcom_pen_articles%2F52&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu


��������������	

�����������������������
��������� !"#$%����������� &

'())*+,-*�.,�)+�(/,(01+,2
	3,24(5.23423�6,+72(1�831623)()
+,-�,-31623)()(,9:3234;1;7234)

<=>?@A=BC?DEFEGH>?IBJK>LIM@>NCHF>?OB>LL>PCQJRSTHCUT?DEFV
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&(-). -̀*,/2/(0W026-87*062K9*-*58))*.9/6'4A*-6/,4)
5/5*66*58))*-D\4-/2'/1*K; /̀5*66*2'43629*-*,(46*.9/6'
.*064)94U;̀/5*66*29*-*3/))*.9/6'D/07RKZMJ]2d)8,(046*>
eJ]2d)864746*>?JH_B])>f;M\4])>?]4])I>?R1])I>
c;eR1BH̀>J;MdH̀+\4>M_dHB D5F a;IK;R*7:-40*
,454,/640,*9427*428-*.9/6' 5'42*6-4,G/01'4-.94-*
/06*1-46*./06(6'*V56(546,'475)/3/*-D]4/-0C*2*4-,'K>
4,g8/-*.9/6'])475*U?J;e2(3694-*DR()*,8)4-b*A/,*2K>40.
404)=S*.9/6'])4753/6?J;e2(3694-*;T*-/*2-*2/2640,*DC2K>
7*7:-40*-*2/2640,*DC7K>40.,454,/640,*D]7K4A*-41*.Z
Ic;[h?;MRiDC2K>IJJ;fhIJ;eRiDC7K40.MO;ahI;c5<
D]7K3(-,(0*2DjkaK/02)/,*2QfM;Jhe;?Ri>IIM;Mh
eO;IRi>40.If;Mh ?;[5<3(--(.2Dj k[K/02)/,*2Q
fO;JhM;?Ri>??JI;JhIfO;ORi>40.?M;?hJ;a5<3(-
/2()46*.,(0*2DjkaKQ40.fe;Mhf;eRi>e?J;fhOJ;eRi
40.?M;?h?;f5<3(-/2()46*.-(.2Djk?IK;]'4-1/01,8-A*2
(3-(.240.,(0*24-*9*))3/6:=2/01)**U5(0*06/4)2/0./,46/01
4,(754,6*)*,6-(6(0/,26-8,68-*DE40F((G40.H'(-*2(0>
IJ?IK;C*25(02*29*-**U,)8.*./3'()./01,8--*062*U,**.*.
IMJ5B>4,,*22-*2/2640,**U,**.*.MJRi>(-/36'*-*9*-*
)4-1*,'401*2/0C2.8-/016'*6*2626*5;̀'(6(-*,*56(-29*-*
.*5()4-/S*.9/6'4IM7226*53-(7 YaJ7E6(Y?J7E;
]454,/640,*7*428-*7*0629*-*:*180436*-64/),8--*062'4.
28:2/.*.,(75)*6*)=>6=5/,4))=XIMJ72436*-6*-7/046/016'*6*26
26*5;C46*2(3*0.(,=6(2/29*-*.*6*-7/0*.:=3/66/01,454,/640,*
.*,)/0*29/6'42/01)**U5(0*06/4)380,6/(0;

lm!n�op�� ���nqn�!��������
������� ����
B36*-)*66/01,*))22*66)*(06(,(A*-2)/52>/2()46*.5'(6(-*,*56(-2
9*-*/0,8:46*.9/6'TC?J?>f+>?J+>aJ+Gb4.*U6-40+,(0r8146*.
H*U42C*.>(-?J+Gb4.*U6-40+,(0r8146*.5F-(.(DR()*,8)4-
-̀(:*2>W0A/6-(1*0>aPRK/0475'/:/4024)/0*3(-f(-?J7/0;
L424)-*)*42*9427*428-*.:=/0,8:46/015'(6(-*,*56(-23(-
?J7/09/6'.=*/0]4Is+3-**>'/1'+R1Is2()86/(0,(064/0/01
J;?7R].Is;]*))29*-*285*-382*.9/6'(U=1*046*.475'/:/40
24)/0*3(-46)*426?J7/0:*3(-*7*428-*7*062;

W0*U5*-/7*0629/6'.=042(-*DB:,47K40.5/626(5+I>-*6/04)
5/*,*29*-*5-*+6-*46*.9/6'.-81/0]4Is+3-**'/1'+R1Is24)/0*
3(-IJ7/040.6'*06-4023*--*.6(42()86/(0,(064/0/01.=*
D[aPRf+Gb4H*U42C*.(-MJPR?J+Gb4H*U42C*.K40.
.-813(-?J7/0;̀'(6(-*,*56(-29*-*/2()46*.40.5)46*.436*-
.=*)(4./01;
&'()*+6*-7/04)3)8(-*2,*0,*9427*428-*.(040/0A*-6*.

7/,-(2,(5* DV)=7582 Wta?K 6'-(81' 4 ?;eM \B@[JN>
(/)+/77*-2/(0(:r*,6/A*;<)8(-*2,*0,**7/22/(0942,())*,6*.
9/6'eJ+72*U5(28-*6/7*2:=40_R]]b,47*-4DF47474628
W741*_RK6'-(81'4[Jc07 DMe07 9/.*K:40.54223/)6*-
DT*7-(,GK;L4,G1-(80.3)8(-*2,*0,*9427*428-*./04.r4,*06
-*1/(02(862/.*6'*,*))40.28:6-4,6*.3-(77*428-*7*062(3
6*-7/04)3)8(-*2,*0,*;b4649*-*4,g8/-*.40.404)=S*.82/01
R*64R(-5'2(3694-*DR()*,8)4-b*A/,*2K;

uvwxyz{|%�qn�!��������������� ����
H(,(754-*/06-46*-7/04)3)8(-*2,*0,*7*428-*.9/6'./33*-*06
.=*2>6'*:-/1'60*22(3*4,'.=*9427*428-*.}~�}���46
6'-**5(/0624)(016'*2'436(34.=*+3/))*.546,'5/5*66*
DJ;IM\B@?JN (:r*,6/A*QV)=7582K;H'*7()4-3)8(-*2,*06
:-/1'60*22D��@PRK3(-*4,'.=*942ZTC?J?ZIM>JeJ4-:/6-4-=
3)8(-*2,*0,*80/62D4;8;K@PR>f+Gb4.*U6-40+,(0r8146*.H*U42
C*.ZI>JOe4;8;@PR>?J+Gb4H*U42C*.Z?J>a?[4;8;@PR>aJ+Gb4
H*U42C*.ZII>Ofa4;8;@PR>40.5F-(.(Z?I>OOI4;8;@PR
D5FkM;MKQ[cJ?4;8;@PRD5Fka;OK;b*U6-40+,(0r8146*.f+>?J+>
aJ+Gb4H*U42C*.4-*28)3(0=).*-/A46/A*2(3TC?J?;b*U6-40+
,(0r8146*.?J+Gb45F-(.(/245F2*02/6/A*3(-7(3-'(.47/0*
6'46/2:-/1'6*-/04,/./,*0A/-(07*062;<)8(-*2,*0,*(35F-(.(
9427*428-*.46:(6'5FM;M40.a;O;H(,4),8)46*-*)46/A*
3)8(-*2,*0,*A4)8*2.8-/019'()*6*-7/04)7*428-*7*062(3
*0.(,=6(2/2>9*82*.5F-(.(3)8(-*2,*0,*7*428-*.465FM;M;

|%���n����������� ������������n
�n����
<(-268./*2(3-*)*42*3-(7-*6/04)2)/,*2>5/*,*2(3/2()46*.-*6/04
9*-*)(4.*.:=/0,8:46/(0/0.4-G0*229/6'TC?J?DOfPR>
fJ7/0K>f+Gb4H*U42C*.D?ffPR>eM7/0K>?J+Gb4H*U42C*.
D?JJPR>[J7/0K>(-aJ+Gb4H*U42C*.Df[PR>[J7/0K;B36*-
/0,8:46/(0>-*6/045/*,*29*-*942'*./0]4Is+3-**>'/1'+R1Is

24)/0*40.2)/,*29*-*5-*54-*.42.*2,-/:*.4:(A*;H'*-*,(-./01
,'47:*-9425)4,*.(04085-/1'63/U*.+2641*7/,-(2,(5*
D\/G(0_[JJ<\K*g8/55*.9/6'425/00/01./2G)42*-,(03(,4)
2,40'*4.D̀*-G/0_)7*-�)6-4E/*9�]WK;b=*29*-**U,/6*.46
M[O079/6'40B-@̂-)42*-;_7/66*.)/1'6942,4568-*.6'-(81'
[JJ07/06*-3*-*0,*3/)6*-2:=4,(()*.]]b,47*-4DF47474628
V-,4_CK;_U,/646/(040.*7/22/(09*-*,(06-())*.:=4�47:.4
?J+I3/)6*-9'**)40.,(06-())*-DT866*-W026-87*06K;W741*29*-*
4,g8/-*.(0,*5*-7/086*40.404)=S*.9/6'\WT+_)*7*062BC
2(3694-*D\/G(0K;B36*-,())*,6/01:42*)/0*.4643(-M7/0>-*)*42*
94226/78)46*.:=455)=/01MJ7R ]̂)24)/0*D/07RZ[O;[\4])>
MĴ ])>?;O]4])I>J;MR1])I>M1)8,(2*>40.?JF_̀_T>5Fa;OK
3(-40(6'*-?M7/0;

#n����!�����!��!�%
<(-*)*,6-(07/,-(2,(5=>-*6/04)5/*,*29*-*)(4.*.9/6'
f+(-?J+Gb4H*U42C*.DaPR>)=2/0*3/U4:)*K/0]4Is+3-**>
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MNOMPQORSTUVNWXYZ[R\NWUW] M̂XWNW_̀aÛX]NWUTZV̀̂NZW
_ZŴUNWNWObcd\Q eURS UW]Rf\Q gS TUVNWXhN̂M M̂X
TU\X]iXTYZ[XNOM̂ U]]N̂NZWUV\NẀ X̂TcjX̂NWUVkNX_XThX[X
M̂XWhUTMX]hN̂MeURSPY[XXlMNOMPQORSTUVNWX̂M[XX̂N\XTYZ[
m\NWUkNX_XcjX̂NWUVkNX_XThX[XYNnX]ZoX[WNOM̂ ÛpqeNW
RrOV̀̂U[UV]XMi]XlRrkU[UYZ[\UV]XMi]XlUW]fcbQsZ[XWTXWtT
kMZTkMÛXàYYX[ukvwxcpyczŶX[YNnÛNZWl[X̂NWUThX[XhUTMX]
NWfcbQ{[NTàYYX[ukvwxc|yYZ[R\NWUW]M̂XWNW_̀aÛX]
NWfcfbrmlm}P]NU\NWZaXW~N]NWX X̂̂[UMi][Z_MVZ[N]Xu�z�yNW
fcbQ {[NTàYYX[YZ[bf\NWc�iXThX[XkMẐZ_ZWoX[̂X]YZ[
mf\NWNW M̂Xk[XTXW_XZY�z�uQU[UŴZlb�dR�s_M\̀ X]
UW]sWUoXVilb��myai|f�W\ VNOM̂ M̂[Z̀OMUfcR��zl

bf�Za�X_̂NoXczŶX[kMẐZ_ZWoX[TNZWl[X̂NWUVkNX_XThX[XhUTMX]
ĥN_XNWkMZTkMÛXPàYYX[X]TUVNWXUW] M̂XWkVU_X]NWbr
ZT\Ǹ\ X̂̂[ZnN]XcsU\kVXThX[X]XMi][ÛX]M̂[Z̀OMUO[U]X]
X̂MUWZVTX[NXTlYZVVZhX]aîM[XXhUTMXThN̂Mbffrk[ZkiVXWX
ZnN]XcsU\kVXThX[XVXŶZoX[WNOM̂NWUb�b\Nn̂̀ [XZYz[UV]N̂X
X\aX]]NWO\X]Ǹ\UW]k[ZkiVXWXZnN]XlX\aX]]X]NWY[XTM
z[UV]N̂XNWTNVN_ZW[̀aaX[\ZV]TlUW] M̂XWkVU_X]NWUWZoXW
Û|�qeZoX[WNOM̂cjXT̀V̂NWOaVZ_�ThX[X̂MNWTX_̂NZWX]ZWU
�XN_U�e|̀ V̂[U\N_[ẐZ\XUW]kVU_X]ZWRff\XTM_ZkkX[O[N]Tc
sX_̂NZWThX[XT̂UNWX]hN̂Mbr [̀UWiVU_X̂ÛXUW]jXiWZV]tTVXU]
_N̂[ÛXcsX_̂NZWThX[XXnU\NWX]NWU���{X_WUN�R{�QZkX[ÛX]
Ûdf��c
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�̂��_�̀abcdebfgh
ijklmlknopqrjostlumvqlupvqwvxvmlqnoplyvkljxzktvx{ljopq
nqlj|}i~�� oqkvquxl�vksxvmlznqpr���vjvtop��������
�zplk�qtotvpoqvxq����j{ zx���j{��vppvq�xlzt�wvxv
�zunqvkz���o�lqt�xzn|�t�vz��vutlmv���������������zlp
l{{vxqlzj��pr{snq�qzt�ott�v�vo{njkvxwvjttztopljtvxjop
xv�pvutlzjott�vljtvx�ouv�vtwvvjt�vuzmvxqplsojkzmvxprlj|
uvpp{v{�xojvzxo�nvznqqzpntlzj��vnqvkojljulkvjt
oj|pvz�����t�ot|vjvxotvqojvmojvquvjtwomvwlt�t�lq
z��vutlmvv��l�ltlj|pvj|t�uzjqtojtqz����j{ojk���j{
�zx���j{ojk���j{poqvxq�xvqsvutlmvpr��pnzxvquvjtv{lqqlzj
woquzppvutvkt�xzn|��� j{�ojksoqq���j{wlkv��v{xzu¡�
zx���¢���j{£���¢���j{�ojksoqq���xz{o��lptvxqnqlj|
oj¤���¥uo{vxo�¦o{o{otqni{o|v¤��ot��{q£�xo{v
wlt�osl�vpqlyvz���j{£sl�vp�}i~�� kotowvxvou�nlxvk
nqlj|�vto�zxs�qz�twoxvojkojopryvknqlj|�vto�zxs�ojk
i{o|v§�

}zpzokkrv�zx}i~�� v�svxl{vjtqzjxvpvoqv�tlqqnv
woqklqqvutvkojkxvtljoqwvxvlqzpotvkljkox¡jvqqnqlj|
�vjiiil{o|vljtvjql�lvxq��ltv{otv��̈ ��©lttzjijknqtxlvq�
{znjtvkzjoklqqvutlj|{luxzquzsv��oljtoljlj|xvtljovljo
kox¡�okostvkqtotv¡vvsqs�ztzxvuvstzxqotoxvqtlj|{v{�xojv
sztvjtlopz�ossxz�l{otvprª��{̈ ojkt�nqsxz{ztvqmvqlupv
xvuruplj|�~vtljopslvuvqwvxvtrsluopprljun�otvkljkrv�zxo
q�zxttl{vtzpzokzjproq{oppsvxuvjto|vz�mvqlupvq«�~���
����1�����{lj����¡¥o}v�oq~vk������1�����{lj�����¡¥o
}v�oq~vk���1���{lj��ojks¦xzkz���1���{lj���v
ljun�otvktlqqnvwlt����¡¥o}v�oq~vk�����1���zx��{lj
�vuonqvltpzokvk�nltvszzxpr�
�rjostlumvqlupvxvpvoqvwoqqtl{npotvk�rkvszpoxlylj|xzk

tvx{ljopqwlt�o��qsn��z���{� ¬�pkvplmvxvk�xz{ o
|poqqsotu�slsvttvnqlj|osxvqqnxvmopmvqrqtv{ �}zz�vr
�z{sojr��sql��}�vslsvttvtlswoqszqltlzjvk��¢��1{
�xz{xzktvx{ljopq��zx}i~�� v�svxl{vjtqzjvjkzurtzqlq
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��==�$!�""����"���!��7��� ���$!�����"7������<"�$#���$���
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"7�"��������@�AB(=���47��7(3�AB������=��A ��>-�=!�"7��
�� �"#���$��$�$�����!����"7��<�����4�������"���������7"(
���<"����"����%����! ���"���"7� ��"7%���7"�7�"����7"
=��)* ��%�=��������$!%�"���>8��%���� ���!�� ��"�=
����$�"������@�AB(=���$����"����4������������� <���=
��"����=�����"7��A ��0=���"�"���=: ��6��@�AB(=���47��7(
3�AB������>C����$����� <��4��=�������"7�=���"A ���=
��$!%�"�����@�AB(=���47��7(3�AB��������"7A ����$!%�"���
������!"���$��"������)>; 3@�AB���A* 3DB������>
8="�������"������<��"���4���������.� ������"7�<�����$��=
@�AB0*>) 36"�%��$+@�AB$7����������� �"=!�"7��#���$��
$�$����>E.$�"�"��������"����"��%�"����FG)� ���:;;� 
0'*=�� ���<��$�4:*( �H=�� �6�"):*( ���"��#���>?�!���
C ���I"�����"�=�"7�"�� ����=��"<���"�����$�� �.� ���
�#�����-C/93� ����"7�"����!���"�$�!�""7��! %���=
���(������#���$���>
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��"��J:K)���1L1<�.���������=��"����"���������5��>8�
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