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ATCC American Type Culture Collection 
AVED  ataxia with vitamin E deficiency 
BSA bovine serum albumin 
CDP cytidine diphosphate 
Cho choline 
CDP-DAG CDP-diacylglycerol 
CL cardiolipin 
COX cytochrome c oxidase 
CTP cytidine triphosphate 
DAG diacylglycerol 
DOPC 1,2-dioleoyl-sn-glycero-3-phosphocholine 
DOPE 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine 
DOPS 1,2-dioleoyl-sn-glycero-3-[phospho-L-serine] 
EDTA Ethylenediamine-N,N,N’,N’-tetraacetic acid 
EGFP enhanced green fluorescence protein 
EMC endoplasmic reticulum membrane protein complex 
ER endoplasmic reticulum 
ERMES  endoplasmic reticulum-mitochondria encounter structure 
ESI electorospray ionization 
Etn ethanolamine 
EUROSCARF EUROPEAN SACCAROMYCES CEREVISIAE ARCHIVES 

FOR FUNCTIONAL ANALYSIS 
FFAT two phenylalanines in acidic tract 
FRET fluorescence resonance energy transfer 
HOPS homotypic fusion and vacuole protein sorting complex 
IPTG isopropyl-b-D-1-thiogalactopyranoside 
LTP lipid transfer protein 
MCS membrane contact site 
NAA 1-naphthaleneacetic acid
NVJ nucleus-vacuole junction
OSBP oxysterol binding protein
ORD OSBP-related domain
ORF open reading frame
PA phosphatidic acid
PBS phosphate buffered saline
PC phosphatidylcholine
PE phosphatidylethanolamine
PG phosphatidylglycerol
PGP phosphatidylglycerol phosphate
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PH domain pleckstrin-homology domain 
PI phosphatidylinositol 
PI3P phosphatidylinositol-3-phosphate 
PI(3,4)P2 phosphatidylinositol-3,4-bisphosphate 
PI(3,5)P2 phosphatidylinositol-3,5-bisphosphate 
PI4P phosphatidylinositol-4-phosphate 
PI(4,5)P2 phosphatidylinositol-4,5-bisphosphate 
PLOA protein lipid overlay assay 
PMME phosphatidylmonomethylethanolamine 
POPA 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphate
PS phosphatidylserine
S1P sphingosine-1-phosphate
SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis
Ser serine
SFH Sec Fourteen Homolog
SMP synaptotagmin-like mitochondrial-lipid-binding protein
START steroidogenic acute regulatory protein-related lipid transfer
TBS Tris buffered saline
TLC thin-layer chromatography
TIM translocase of the inner membrane
TOM translocase of the outer membrane
VAP vesicle-associated membrane protein-associated protein
vCLAMP vacuole and mitochondria patch
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� Ƶ¤ǽ/�ĀŶǁ-ǻȬ�ɐĥ-<>Ĳŋ�@�ǣǹ.ÀɌ*ĉƻB�6"L�Nj

}.ÀɌBǣǹȬ�?
/ĉɌ*ɣ(?ǣǹ-*%(Ŀɮ.ŋÆ)�?�Ƶ¤ǽ/ǣǹ

;L�Nj}� .ƊǺBž"���).ɐȓ,ÕĐÝŀ.ă;�ƭȬ�ŅĂ.;>*

>.ăBŜ¨�?�

� Ƶ¤ǽBƇŋ�?ǻȬŋÆ-/�R~]�~�ǻȬ (��~�ǻȬ)�[pF�VǻȬ�
ǞǻȬ�[e���,+1,000Bȯ�?ǒ.ǽǻȬ�ďú�?*șA@(
?�Ʈ-�~
�ǻȬ/ű:Ċ�ďú�?ǽǻȬ)�?�Ƶ¤ǽ.�ȓƇŋŋÆ)�?~�ǻȬ-/�

 .ƅŁɰɌ.ƇȾ�=
�&�.ǒɳ�ďú�?�ÅȂɎƒSaccharomyces cerevisiae-
�
(/u[pDcZ�U~� (PC)�u[pDcZ�Jak��Ex� (PE)�u[pD
cZ�GkYg�� (PI)�u[pDcZ�]~� (PS)�M�ZL~o� (CL)��ȓ,~
�ǻȬ)�? (Fig. 0-11)��Ɍ.ǣȄ)PC�PI�Ȕ=@,
*
�§ĉ/�?��Óƭ�
=ǣȄ6)¼(.Ƶƭ�ĀŶǁ-5@=.~�ǻȬBƵ¤ǽ.�ȓƇŋŋÆ*�(ÉƷ

�(�>�¼(.Ƶƭ-�
(~�ǻȬ/ɩĨ-ɐȓ,ĵÎBœ%(
?*
�?�

� Ƶ¤ǽ/�ƭƳǁ�ÕĐǁ-ŁȬ.ƾ,?Ċƈ,ǒ.ǽǻȬ.ǥŋBĈÕ��?5*

)ƢĭĈÕǙ-<?ǻȬǽ.ǅȲǐ,+-ĝŀ��łĨŁBǪŕ�?�6"Ƶ¤ǽ/�

PE;CL.<�-ƅŁɰɌ.WG\�Ġ��ǽ-ůƱBƵ7Å�ǻȬBÉƷ�(ǽ.Ĳ
ŉBċ��ĈÕ��?*ǲ�=@(
?�ǣǹ;L�Nj}/�Ƶ¤ǽ�5.<�-b

GixdQ-ǽƇȾBĈÕ��?5*)ƴĄ.ĈÕ-ĝŀ�?�

� �Ũ)�Ƶ¤ǽ/ȉä*ÆȎBǰ>ȹ�(�>�ĲƯ/Ĩ-Óǁ,Ưŉ-�?�§�

0�ĠǹȴȻ-��?ÅȂ*ȉä�L�Nj}.ÆȎ*ȉä�ǣǹ.ÆȎ�Śä,+-�


(�Ƶ¤ǽ/bGixdQ,ǽƇȾ.ÁǬŋBȋ%(
?�Ƶ¤ǽ.ƇȾĈÕ/Ŭə

ǁ�Ǖəǁ-ǭĚ,ÊĺBà�(�>�~�ǻȬ:ǥŋ�ÆħBĈÕ��?5*-<>

Ƶ¤ǽ.ƇȾĈÕ-ę��?*ǲ�=@(
?�

� �=-Ƶ¤ǽ�)/�ƈ	,ǒ.ǻȬ�¾ď�?�)�ȖïŁ.ɸ
ǻȬÆĎåć�

ǅ�¥Ʒ�?5*-<>ƮŁ.ƾ,?wGQ�hzG��Ĳŋ�@?*ǲ�=@(


?�wGQ�hzG�/��Ɍ.a�mQȬ.Ģú;ƊǺ-ɐȓ,ĵÎBž"�� .

Ýŀ.ăBŜ¨�">�YRi�¡Ʌ.ÒƱÕ-ę��">�?�6"�u[uGkY

ch;[pF�VǻȬ/GTPase,+.ƊǺa�mQȬ.ȤǛ÷Ď*�(¶�5*;� 
@=.ƛƵ¤�]M�hzd]�Z|�*�(¶�5*�ǈ=@(�>�ǽǻȬ/ǣǹ

ÀŅĂ¡Ʌ-:ɚ��?�~�ǻȬ.�):Ʈ-PS;PA�u[uGkYch,+.ɏŁ
ǻȬ/�ǻȬÆĎ-Ʈƾǁ-ǧä�?a�mQȬBƵ¤ǽ-~Q��g�?¶�BŲ��

 @=.ǻȬ.ĢŌǁ,Æħ.Ŭəǁ�ǕəǁÊĺ-<>ǣǹÀ.ƈ	,r�][-ɚ

��?5*�Ăë�@(
?�
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PS 
� PS/ƅŁɰɌ-]~�BŲ�?ǻȬ)�?�PS/ȪɨȃBŲ��ǣǹǽ.Àĥ³-Ċ
�ďú�?ɏŁǻȬ)�>�PC�PI*åƈ-ǻȬ�ɐĥBƇŋ�?�PS/�S. cerevisiae
.CDP-DAGǦȰ-�
(PE�PC.Ëɶ¤*�(ÉƷ�@?4��PSǿ¤:�Ɍ.ǽa
�mQȬ.ƚŁ;2�[g�[-ŀǚ�"Pkc1.ƚŁÕ3,+-ɚ��(
?�PS/ÅȂɎ
ƒ-�
(ƵǸ-Ŀɮ)/,
��PSäŋƋŞƁ/SjfFǦȰB��"PE�PC.äŋ
BƵǸ-Ŀȓ*�?�

PE 
� PE/�ƅŁɰɌ-Jak��Ex�BŲ�?ƵǸ-Ŀɮ.�ŁGL�Ł.ǻȬ)�?�
PE/ƅŁɰɌ�Ġ���ǅ�-ƕǢǧäBĲŋ�;�
5*�=�ĨƢ)pH�5-8.ƕ�
-�
(ȼ¢.sOWVi�ƇȾ (HIIƇȾ)B*>Ĺ?*ǲ�=@(
?�PE/xgU�
h~E.ƊǺ;ĲŉǪŕ-Ŀɮ)�PEƋ�Ưŉ.xgU�h~E/íéƊǺƋŞ*,?�
6"�PE/�Atg8*.¾ŲǧäB��(L�gpDZ�-Ŀɮ.ĵÎBž"�">�R
~UY�u[pDcZ�GkYg�� (GPI)E�M�äŋ.ɄǑ)u[uJak��E
x�B¨��">�?,+ǣǹÀ.ƈ	,r�][-Ʈƾǁ�&ɐȓ,ĵÎBœ��

PC 
� PC/�ƅŁɰɌ-U~�BŲ�(�>�PE*åƈ-�ŁGL�Ł.ǻȬ)�?�PC/�
PE*Ɠȳ�?*3&.zc�ĀBŲ�(
?Æ<>ċ�,ƅŁɰɌBŲ��¿ýǁ,Y~
�b�ý.ƇȾB*?�ɐĥƇŋǻȬ)�?�PC/�S. cerevisiaeǣǹÀ.~�ǻȬ.�
)ű:ďúɒ�Ċ
ǻȬ)�?�PC/Ƶ¤ǽ.�ȓƇŋ÷Ď*
�#�),��ǻȬz
d]�Z|�.~X�l�*�(.ƊǺ:Ų�?�PC/u[u~m�^D-<>PA-�
u[u~m�^C-<>ZEY�R~]��� (DAG)-�u[u~m�^A-<>~`
PC*ɂɦǻǷɏ-ÐƕÆȘ�@?��5@=.ƶƭ/
�@:ŅĂ¡Ʌ-ɚ��?ǻȬ
)�?�§�0�ǹĎĲŋ.ɄǑ)/�u[u~m�^DƚŁBŲ�?Spo14-<?PAƶ
Ƶ.ĀȬ-,?4�5.<�,ŁȬ�=�PC/ƵǸ-Ŀɮ.ǻȬ*ǲ�=@?��S. 
cerevisiae/Ƶ¤À-/Ŷźďú�,
u[pDcZ�r�mk��Ex�BPC.�Ű
*�(ÉƷ�ƵǸ)�?*
�Ăë:�?5� 

PI 
� PI/�ƵǸ-Ŀɮ.ȪɨȃBŲ�?�ɐĥƇŋǻȬ)�?�PI/�ǽ.Ƈŋ÷Ď*,?
#�),��GPIE�M�.äŋ-ÉƷ�@">�YRi�¡Ʌ-ɚ��?u[uGkY
ch.ËɶƭȬ*,%">�?�6"S. cerevisiae-�
(�PI.GkYg��/[pF
�VǻȬ.äŋ-ÉƷ�@?�
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CL 
� CL/�xgU�h~E.ƊǺ-Ŀɮ,~�ǻȬ)��-xgU�h~EÀǽ-Ģú�
?�CL/íéɔȒä¤.đĔÕ�ƚŁÕ�xgU�h~E.ĲŉǪŕ-ɚ��?�CL/
S. cerevisiae.ƵǸ-Ŀɮ)/,
��xgU�h~E.PEäŋɎǢPsd1*CLäŋɎǢ
Crd1.�ŨBƋč�?*ǣǹ/ȀƎ*,?�CL/R~]���ɷƃB2&Ų�(�>�ƅ
ŁɰɌ�Ġ���HIIƇȾB*?�

u[uGkYch

� u[uGkYch/�PI.GkYg��ƴ�~�ɏÕ¯ɵBà�?5*)äŋ�@?�
u[uGkYch/�ǣǹÀ.ďúɒ/ġ,
��ƵǸ-ɐȓ)�?�S. cerevisiae�-
ďú�?u[uGkYch/�PI3P�PI(3,5)P2�PI4P�PI(4,5)P2)�>� .�):PI4P
.äŋɎǢBU�h�?PIK1�STT4*�PI4P�=PI(4,5)P2Bäŋ�?ɎǢBU�h�?

MSS4/ƵǸ-Ŀɮ)�?5*�=�PI4P�PI(4,5)P2/ƵǸ-Ŀɮ)�?*ǲ�=@?�u

[uGkYch/�Fig. 0-2-ǌ�<�-ƮĔ.ǽ-Ģú��a�mQȬBǄǁ.ǽ-~
Q��g�">�]M�hzd]�Z|�.GkYg��~�ɏB¨��">�?5*

)�ƈ	,ǣǹr�][.Êĺ-ɚ��?�6"ȸĩ)/�u[uGkYchBÉƷ�

?5*-<>�ƧĭÔɍ-ȼ=%(ǻȬBǽə)ĠǹȴȻɩ©ďǁ-ȴȻ�?*
�{

f�:Ŝó�@(
?6, 7� 

�<>4�
����=.�*'��R�
� ǻȬÆĎ/ǣǹÀ)�ü�-Æħ�(�>�ãL�Nj}/ @!@ƾ,%"ǻȬǥ

ŋBŲ�? (Fig. 0-2, Table. 0-18)�~�ǻȬ-&
(:�§�0PS/ǣǹǽ-Ċ�Ģú��
CL/xgU�h~E-.7Ģú�?,+±%"ÆħBǌ��6"�ǻȬÆĎ/�ǻȬ�
ɐĥ.Àĥ�ĉĥə-�
(:ɩĝǏ-Æħ�(�>�§�0ǣǹǽ)/PS;PE�Àĥ
³-Ċ�Æħ�(
?5*�ǈ=@(
?�5.<�,L�Nj}�*.�6"�Ƶ¤

ǽÀĥ�ĉĥə.±%"ǻȬÆħ/L�Nj}.ƮŁ;ƊǺ-ɐȓ)�?*ǲ�=@(


?�L�Nj}�*.ƾ,?ǻȬǥŋ/ǻȬ.ĢŌǁ,äŋ*�Ȧ�Ü1ŨæŁB:

%"ȴȻ-<>Ĳŋ�@�Ǫŕ�@?*ǲ�=@(
?�6"�ǽ.Àĥ�ĉĥə.ɩĝ

ǏÆħ/�ǻȬ�ɐĥ.Àĥ�ĉĥə)ǻȬÆĎBȴȻ�?g}�[�M�^-<>Ƶ

7Å�@�Ǫŕ�@?*ǲ�=@(
?9� 

�<>4�
����=.��'"/�
� S. cereisiae-�
(�~�ǻȬäŋ-ɚ��?ɎǢ/45¼(åĔ�@(
? (Fig. 0-
3)�S. cereisiae-��?~�ǻȬäŋǦȰ)/�6�R~]����~�ɏ-2&.EY
�ɔ�ɭƌȲǐ�@�u[pDcZ�ɏ (PA)�äŋ�@?�ǩ
(PA*CTP�=Ġǹ¤
.CDP-ZEY�R~]��� (CDP-DAG)äŋɎǢCds16"/xgU�h~E.Tam41
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-<>CDP-DAG�äŋ�@?�CDP-DAGǦȰ)/�Ġǹ¤.PIäŋɎǢPis1�CDP-DAG
-myo-GkYg��B�Ð�(PIB�Ġǹ¤.PSäŋɎǢPss1�CDP-DAG-L-]~�B
�Ð�(PSBäŋ�?�PS.�Ɍ/xgU�h~EÀǽ-Ģú�?PSǼƨɏɎǢPsd1�
6"/J�h_�y-Ģú�?Psd2-<>Ǽƨɏ�@�PE2*Ĉŝ�@?�PE.�Ɍ/
Ġǹ¤.PEzc�ÕɎǢPem1�Pem2-<?3Ƒɢ.zc�ÕBà�(PC*,?�6"�
xgU�h~E-�
(/CDP-DAG.�Ɍ/Pgs1-<>u[pDcZ�R~]���
~�ɏ (PGP)-Ĉŝ�@��=-PGP/Gep4-<?Ǽ~�ɏÕBà�(u[pDcZ�
R~]��� (PG)*,?�PG*CDP-DAG�=Crd1-<>CL�äŋ�@?��=-�CL
/u[u~m�^)�?Cld1*EY�g}�[pI}�^)�?Taz1-<?EY�ɔ.
~{f~�RBà��ŋƫ�"CL-,?� 
� 5@=.ǦȰ.�-�PE�PC-ɚ�(/SjfFǦȰB��"äŋ:ȋA@?�Ja
k��Ex�/ǣǹȬ�)Eki1-<?~�ɏÕBà�u[uJak��Ex�*,>�
Ect1-<>CTP*Ýŀ��CDP-Jak��Ex�-Ĉŝ�@?�űķ-�Ġǹ¤.Ept1-
<>DAG-�Ð�@�PE*,?�U~�:6"åƈ-ǣǹȬ�)Cki1-<?~�ɏÕB
à�(u[uU~�2��=-Cct1-<>CDP-U~�2Ĉŝ�@�Ġǹ¤6"/V�Z
¤-Ģú�?*ǲ�=@(
?Cpt1-<>DAG-�Ð�@(PC*,?�SjfFǦȰ)
/PE;PC.ÆȘ-<>Ƶ�"Jak��Ex��u[uJak��Ex��U~��u
[uU~�:PE�PC.Áäŋ-ÉƷ�@?*ǲ�=@?�6"�Dpl1-<?[pF�V
Y�-1-~�ɏ (S1P) .ÆȘ�=Ƶ�"u[uJak��Ex�:PE.äŋ-ÉƷ�@
?�

� 6"�CL#�),�� .�.~�ǻȬ:u[u~m�^*EY�g}�[pI}�
^-<?EY�ɔ.~{f~�RBà�?5*�ǈ=@(
?�S. cereisiae-��?~�
ǻȬEY�ɔ.~{f~�R.ŇǱ*�(/�ɏÕ,+-<?ɥėBà�"EY�ɔB

ɠÛ¯Ļ�?5*;��ɴïĭ.ƾ,?EY�ɔ*�ŝ�?5*)ǽ.ƜÓŁBĈÕ�

�">�?5*)�?*ǲ�=@(
?�

� �ț.*�>�~�ǻȬ.äŋ-ɚ��?ɎǢ/ @!@ƮĔ.L�Nj}-ÆŤ�

(Ģú�(
?� ."9CDP-DAGǦȰ-<?ǻȬäŋ)/�PS;PE.ÒƱǁ,ȴȻ�
PE;PC.äŋ-ɐȓ)�?*ǲ�=@? (Fig. 0-4) � 
� u[uGkYch/�PI.GkYg��ƴ.ƕɏĀ.~�ɏÕ-<>äŋ�@?�PI3P
/�J�h_�y;Ɲǹ.PI-3Oi�^Vps34-<>PI.GkYg��ƴ.3’¢.ƕɏĀ
�~�ɏÕBà�(äŋ�@?��=-PI3P/�Ɲǹ.PI3P-5Oi�^Fab1-<>5’¢�
~�ɏÕBà�PI(3,5)P2*,?�VPS34�FAB1/+$=:ƵǸ-Ŀɮ)/,
��ǊĆ-
<>ƵǸ.ńÕ�7=@?��Ũ�PI4P/V�Z¤.Pik1�?
/ǣǹǽ.Stt4�Ɲǹ.
Lsb6.3ǒ.PI-4Oi�^-<>PI.4’¢�~�ɏÕBà�(äŋ�@?� .�$Pik1�
Stt4/ƵǸ-Ŀɮ)�?�PI4P/�ǣǹǽ.PI4P-5Oi�^Mss4-<>PI4P.5’¢�~�
ɏÕ�@PI(4,5)P2*,?�Mss4:ƵǸ-Ŀɮ)�?� 
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�<>4�
����=.��'�!8%3�
� ÅȂɎƒ-�
(�ǻȬ.äŋ*�Ȧ.Êĺ/��.4&.�t�)ȋA@?*ǲ�=
@(
?�

ǻȬäŋɎǢɚȿɊ¡Ď.ȲÂÊĺ

� ǻȬäŋɎǢ.ƚŁÊĺ
� ǻȬ.ÆȘ
� ǻȬ.ȴȻ
� 5@=.äŋ��ȦÊĺƊƇ.�$�	.~�ǻȬäŋɎǢɚȿɊ¡Ď.ȲÂÊĺ-

ɚ�(/�ȲÂƚŁÕ÷ĎIno2-Ino4*ȲÂŏÊ÷ĎOpi1-<?ȲÂÊĺ-&
(<�ǉ
ǔ�@(�>�6"�ȲÂƚŁÕ÷ĎVid22�PSD2.ȲÂBÊĺ�?5*�Ăë�@(

?10��Ũ)��-�-ɚ�?ǈȔ/ġ,
��.~�ǻȬȴȻ-ɚ�(/�Ġǹ¤)äŋ
�@"PS.xgU�h~E11, 12�J�h_�y13�ǣǹǽ62.ȴȻƊƇ-&
(.Șż�

Ăë�@(
?��ŵȘū.ɌÆ:Ċ�Ə�@(
?�

=.�1-�
� ǣǹÀ-��?L�Nj}ə.ǻȬȴȻƊƇ*�(/���.4&�ǲ�=@?� 
ǻȬÆĎ.ǿƹŔŤ

� ĠǹȴȻB��"ǻȬ.ǐÓ
� z�q��U�aQgWGg (MCS)B��"ȴȻ 
� ǻȬȴȻa�mQȬ (LTP) -<?ǻȬÆĎ.ǐÓ 

	� ǻȬÆĎ.ǿƹŔŤ-&
(

� ǻȬÆĎ�ǿǀǁ-ǽ�=ő��ƕĥ�-ŔŤ��ǽ*ȉä�?Ýŀ-<?ǐÓ)�

?�4*C+.ǻȬÆĎ/ƕ-ƥ�-�
"9�ǿƹŔŤ-<?ǻȬÆĎ.ȴȻ/ɩĨ

-Ɂ��ɩÒƱǁ)�?*ǲ�=@(
?�

�� ĠǹȴȻB��"ǻȬ.ǐÓ-&
(

� ȴȻĠǹ)/�hi�.L�Nj}ǽ�=Ĳŋ�@"Ġǹ�a�Tdg.L�Nj}

ǽ-ȉä�?"9�l�Q, (�&� =�ɉŒŁ/ @4+ɸ�,
)ǻȬȴȻ�áǺ
)�?*ǲ�=@(
?��Ũ)�ĠǹȴȻɚȿɊ¡Ď.Ĉƾ;ȇÌÄƳ-<>Ġǹȴ

ȻBɝė�(:ǻȬ.ǐÓ/²ƍ�,
5*�=14�ĠǹȴȻ-©ď�,
ȴȻƊƇ�ď

ú�?5*�ū=�-,%(
?�6"�ķȺ�?<�-�xgU�h~E2.ǻȬȴ

Ȼ;xgU�h~E�=.ǻȬȴȻ-/�ĠǹȴȻ/ɚ��,
*ǲ�=@(
?�

�� MCSB��"ǻȬ.ȴȻ-&
( 
� MCS*/�ƾ,?L�Nj}.ǽ*ǽ�ȸŚ�(
?�ȉä/�(
,
ɯþ)�Ġ
ǹ¤*xgU�h~E11�Ġǹ¤*ǣǹǽ15�Ġǹ¤*V�Z¤16�Ƃǽ*Ɲǹ17�Ɲǹ*
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xgU�h~E18, 19,+ƈ	,L�Nj}ə)ȗĜ�@(
?�MCS-�
(L�Nj}
ə.ƭȬ�ŝ�ȋA@?*ǲ�=@(�>�ǻȬ;M�YHyGL�,+.ȴȻ2.ɚ

��Ŝó�@(
?�§�0�Ƃǽ*Ɲǹ-ə-Ĳŋ�@?Nucleus-vacuole junction (NVJ)
/Ƃǽ�.Nvj1*Ɲǹǽ�.Vac8-<>Ƈŋ�@?�NVJ-/[e���ȴȻ-ɚ��
?*ǲ�=@(
?Osh1�Ģú�?5*�=�NVJ-�
([e���ȴȻ�ȋA@?
áǺŁ�ǲ�=@(
?20�"#��ǽ�ȸŚ�(
?#�)ǻȬÆĎ.ǐÓ�Ȯ5?�

+��/�ū)�?�5.<�,5*�=MCS*ķȺ.LTP�×Ȥ�(¶
">�LTPǿ
¤�MCS.Ĳŋ-ɚ��">�?{f�:Ŝó�@(
?21� 
�

� ���Ŷǉǔ*ɚ¬�?U�aQgWGgBĲŋ�?÷Ď-&
(ǜƽǁ-ȡū�?� 

�ERMES (Endoplasmic Reticulum-Mitochondria Encounter Structure) Ȓä¤/�Ġǹ¤-xg
U�h~Eə)U�aQgWGgBĲŋ�?5*�ǌò�@(
?�ERMES/�xgU
�h~E.Ĳŉ�xgU�h~EDNA.Ǫŕ-ɚ��?5*�Ăë�@(
?11�ERMES
/Ġǹ¤ǽ�-Ģú�?Mmm1�xgU�h~Eĉǽ-Ģú�?Mdm10Ü1Mdm34�x
gU�h~EìǮɌ-Ģú�?Mdm12�=,?Ȓä¤)�xgU�h~Eĉǽ-Ģú�
?GTPase.Gem1-<?ÊĺBà�?22�ERMES.ǻȬȴȻ2.ɚ�-ɚ�(/�Ġǹ¤
)äŋ�@"PS.xgU�h~E2.ȴȻ-ERMES�ɚ��?*
�Ăë��?�Ũ
)11� @BçĔ�?ǧž:Ăë�@(
?23�6"�ERMES�xgU�h~E)äŋ�
@"PE.Ġǹ¤2.ȴȻ-ɚ��?�*
�Ʃ-&
(:ƗĔǁ,ǧž/Å(�=�
24�ERMES�~�ǻȬȴȻ-ɚ��?�*
�5*-&
(/ƗǇ/&
(
,
�6
"�ERMES/Óƭ,+ɸǙǆƂƵƭ-/®ď�@(
,
�

�EMC (Endoplasmic Reticulum Membrane Protein Complex) /�ERMES*/ưǖ�(Ġǹ
¤-xgU�h~Eə-U�aQgWGgBĲŋ�?5*�ǌò�@"Ȓä¤)�?12�

EMCBERMES*åŬ-Ƌč��?*ȀƎ*,?��Ġǹ¤-xgU�h~EəB¬Ƽ�
�?"9.�Ħa�mQȬChiMERA.ǀƲ-<>ƵǸ�öĻ�?12�EMCpDx~�-
Ĥ�?Emc1-Emc6�xgU�h~Eĉǽ.Tom5*ǅ�¥Ʒ�?5*)Ġǹ¤*xgU
�h~EBŚȸ��?*ǲ�=@(
?�EMCpDx~�a�mQȬBU�h�?6&.
Ɋ¡Ď.�$.5&BǊĆ�?*�xgU�h~E.PS�PEɒ�Ơġ��íéƊǺBč�
5*�=�EMC-<?U�aQgWGgB��"xgU�h~E2.PSȴȻ�Ŝó�@
"�

�vCLAMP (Vacuole and Mitochondria Patch) /�Ɲǹ*xgU�h~Eə)Ĳŋ�@?U
�aQgWGg*�(2&.R��r-<>Ăë�@"18, 19�vCLAMP.Ƈŋ÷Ď-/J
�h_�y*Ɲǹ.ȉä-ɚ��?HOPSȒä¤.Ƈŋ÷Ď):�?Vps39*GTPase)
�?Ypt7�è6@?*ǲ�=@(
?�vCLAMP*ERMESBåŬ-ƋŞ��?*ȀƎ*
,>�xgU�h~E2.MCSB��"ƭȬȴȻ/ɩĨ-ɐȓ)�?*ǲ�=@?�
vCLAMP*ERMESBŹ�ĈƾƁ-<>åŬ-ƋŞ��?*xgU�h~E.~�ǻȬ
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ǥŋ�ĈÕ�?5*�=�vCLAMP*ERMES/xgU�h~E2.~�ǻȬȴȻ-ɚ�
�?*ǲ�=@(
?�

�Vps13
� Vps13/ËǹĎǽĲŋ;Ɲǹ2.a�mQȬȴȻ,+-ɚ��?ĊƊǺa�mQȬ)
�>�ǆƂƵƭ)ī�®ď�@(
?�Vps13/J�h_�y-xgU�h~Eə)U�
aQgWGgBĲŋ�?5*�Ăë�@"25��=-�Vps13/xgU�h~Eĉǽa�
mQȬ)�?Mcp1*.ǅ�¥ƷB��(Ɲǹ-xgU�h~E)U�aQgWGgBĲ
ŋ�?5*:Ăë�@"26�Vps13*ERMES.�ɐƋŞ/ȀƎ*,>�ERMESØưƋŞ-
<?ȍƲý/VPS132.ƩĈƾ.ğ»;MCP1.ɸǀƲ-<>lGm[�@?5*�=�
Vps13-Mcp1-<?xgU�h~E*Ɲǹ (�?
/J�h_�y).U�aQgWGg
/xgU�h~E2.ƭȬȴȻ-ɐȓ)�?*ǲ�=@?�

�Sfh4
� Sfh4/ķȺ.LTPpDx~�)�?Sec14pDx~�-Ĥ��J�h_�y.Psd2*ǅ
�¥Ʒ�?5*�Ăë�@"27�6"�psd1DƁ-�
(SFH4BǊĆ�"Ɓ/R�U�[
ÿû-�
(:Jak��Ex�ȓƖŁBǌ�"5*�=�Sfh4/Psd2.in vivo.ƚŁ-
ɐȓ)�?5*�ǌò�@"13�Sfh4/áƥŁa�mQȬ)�?��J�h_�y.Psd2
.2&.C2hzG�*ǧä���=-Pbi1*.ǧäB��(Ġǹ¤.Scs2*əŚǁ-ǅ�
¥Ʒ�?5*)�Ġǹ¤*J�h_�yBǯƼ�?*ǲ�=@(
?� .U�aQg

WGg-�
(Ġǹ¤ǽ�)äŋ�@"PS /ÒƱǁ-Psd22ȴȻ�@?*
�{f�
�Ŝó�@"�����PBI1BǊĆ�(:psd1DƁ/Jak��Ex�ȓƖŁBǌ�,�
%"5*�=�Sfh4-Pbi1əǅ�¥Ʒ/Psd2ƚŁ-Ŀɮ)/,
5*�ǌò�@28�6"

Sfh4.in vitro ).PSȴȻƚŁ:7=@(�=�13�Ġǹ¤-J�h_�yə).PS.ȴȻ
ƊƇ/ŵ#Șū�@(
,
�

�� LTP-<?ǻȬÆĎ.ȴȻ-&
( 
� LTP/�ǻȬÆĎBhi�ǽ�=Į�ő��lipid transfer domain (LTD) -<>Ƈŋ�@
?ƿƕŁvSdg-Þǡ�(ƕĥ�BɃş��EQ]ra�ǽ-Ř»�?ǺÏBŕ&a

�mQȬ)�>�5.ŁȬBÉƷ�(ǣǹÀ)ǻȬBȴȻ�?*ǲ�=@(
?�LTP-
<>~N�h.ƮƾŁ�ƾ,>�~�ǻȬ�[e����]}xh,+.ȴȻǺBŲ�

?LTP�5@6)-Ȕ&�%(
?�LTD.ƇȾ-<>LTP.pDx~��ĔǱ�@�
Sec14�OSBP (oxysterol-binding protein)pDx~�,+��ȍǁ,pDx~�)�?�LTP
.�-/�LTD.�-�Ċƈ,hzG�;{c�pBŲ�?:.��>� .<�,hz
G�;{c�pBǽ*.ǅ�¥Ʒ-ÉƷ�?*ǲ�=@(
?�

� °	.LTP.ǻȬȴȻǺ-ɚ�(/in vitro).Șż-<>ǌ�@(�"��ĕɤ-ǣǹ
À)ǻȬȴȻBœ%(
?5*�Ȝū�@"LTP/ġ,
�6"�LTP-<?L�Nj}
.ȟȧ;ȴȻ.ŨæŁ.ƗĔ�+.<�-,�@?��ċ�,ȣɱ*�(Ə�@(


?�
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5@6)-Șż�ȋA@(�"LTP-&
(�ȍǁ,§Bǌ�� 

�CERT
� CERT/ñ�Óƭ-®ď�@"a�mQȬ)�LTD*�(START (steroidogenic acute
regulatory protein-related) hzG�BŲ�?�Ġǹ¤�=ķųV�Z¤2]}xhBȴȻ
��[pF�VxJ~�2.ĈŝBśɀ�?*ǲ�=@(
?�CERT/in vivo-��?
Ɖȧ]}xhBƷ
"Șż�=�ǣǹÀ)]}xhBȴȻ�?5*�ǌò�@(
?29,

30�CERT/�u[uGkYch*.ǧä-ɚ��?PH (pleckstrin homology) hzG�B
��(V�Z¤*�6"�Ġǹ¤-Ģú�?a�mQȬVAP (vesicle-associated membrane 
protein-associated protein) *.ǅ�¥Ʒ-ɚ��?FFAT{c�pB��(Ġǹ¤*ǅ�
¥Ʒ�?*ǲ�=@(
?31�Ɏƒ-/CERT.L�_�R/ȔÅ�@(
,
� 

�OshpDx~�a�mQȬ
� OshpDx~�a�mQȬ/�LTD*�(ORD (Oxysterol binding protein-related domain)
BŲ�?�S. cerevisiae-/OshpDx~�a�mQȬ*�(Osh1�=Osh7.7°.a�m
QȬ�ďú�?�Osh1�Osh2�Osh3/ORD.�-PHhzG�;FFAT{c�pBŲ�?
��Osh4�Osh5�Osh6�Osh7/ORD�ĉ-ǈ=@"hzG�;{c�pBŲ�,
�Osh
a�mQȬBU�h�?Ɋ¡ĎBØư)ǊĆ�(:ƵǸ-Ĵɫ/,
��7&¼(BǊĆ
�?*ȀƎ*,?5*�=�OshpDx~�a�mQȬ/ɐȒ�"ƊǺBŲ�?*ǲ�=
@?�Osh4/�Ħǽə)[e���BȴȻ�?ǺÏBŲ�?5*�Ăë�@(
?�32�

Osh6�Osh7/Ġǹ¤�=ǣǹǽ2.PSȴȻ-ɚ��?5*�Ăë�@(�>6�OshpD
x~�a�mQȬ-¾Ƚ�"ƊǺ/ŵȘū)�?�

�Sec14pDx~�a�mQȬ
� Sec14pDx~�a�mQȬ/�LTD*�(CRAL-TRIOhzG�BŲ�?�S. cerevisiae
-/ Sec14pDx~�a�mQȬ*�(�Sec14* 5&. Sfh (Sec fourteen homolog)a�
mQȬ�ďú�?�Sec14/ƵǸ-Ŀɮ)�?.-ĝ��5&. Sfh/Ƌč�(:ƵǸá
Ǻ)�?5*�=�Sec14/Ʈƾǁ,Ŀɮ.ƊǺBŲ�?*ǲ�=@?�6"�Sec14p
Dx~�a�mQȬBU�h�?Ɋ¡Ď/�5@6)-Tky�ȘȢ�@"¼(.ǆƂ

Ƶƭ�=Ȕ&�%(
?5*�=�ǆƂǣǹ-*%(ɐȓ,ƊǺBŲ�(
?5*��

ņ�@?�

� SEC14/ÆƘ-ƋŞBŕ&sec14Ɓ.ĈƾBǅȐ�?Ɋ¡Ď*�(Øɦ�@"ƵǸ-Ŀ
ɮ.Ɋ¡Ď)�>�Sec14/V�Z¤�=.ÆƘƊƇ-ɚ��?*ǲ�=@(
?�Sec14
;Sfh1.ǧŮƇȾȘż�=�CRAL-TRIOhzG��ƿƕŁvSdgBƇŋ��vSdg
À-~�ǻȬ;ƻɪƚŁÌ,+.~N�h�Ř»�@?5*�ǌò�@"�Sec14/in
vitro)PI;PCBȴȻ�?ƚŁBŲ�?5*�ǌ�@(
?�33�PI;PCB .ƿƕŁv
Sdg-Ř»�(ƕĥ�BȴȻ�?*ǲ�=@(
?��Ũ�Sfha�mQȬ:PIȴȻƚ
ŁBŲ�?��PCȴȻƚŁ/ɩĨ-į
��?
/ŕ",
5*�Ăë�@(
?34�

Sec14/in vitro)PIȴȻƚŁBŕ&5*;�Sec14ƋŞ-<>PI4P�Ơġ�?5*�=35�
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ǣǹÀ)PIBV�Z¤.PI-4Oi�^)�?Pik1-Ŝǌ�?5*)PI4PäŋB­ɀ�?
*
�{f��Ŝó�@(
?35�Osh4/PI4PBPIPu[pDa�^Sac1�Ģú�?Ġǹ
¤-ȴȻ�?5*)PI4P.ÆȘB­ɀ�?ƊǺBŕ&5*�Ŝó�@(
?��OSH4.
ǊĆ-<>Sec14ƋŞ�lGm[�@?5*:5.{f�Bšŕ�?*ǲ�=@?36��

���Sec14.PIȴȻƚŁ-ƋčBŕ&Ĉƾ¤�in vivo)Sec14*�(.ƊǺBǪŕ�?*

�Ăë��>37�5.{f�)/Sec14.ƊǺBĒ¼-ȡū�?5*/)�,
*ǲ�
=@?�6"�Sec14�in vitro)PCȴȻƚŁBŲ�?5*�SjfFǦȰ-��?PCäŋ
ɚȿɎǢɊ¡Ď.ǊĆ�Sec14ƋŞBlGm[�?5*�=38�Sec14/PC.�ȦBȤǛ�
?5*-<%(YRi~�RǻȬ)�?DAG.ďúɒ.Êĺ-ɚ��?*
�ȡ:Ŝó
�@(
?�����5@=lGm[Ĉƾ.ğ»-<?ƵǸ.öĻĭä
/ɌÆǁ,:

.)�>�Sec14.ƵǸ-Ŀɮ.ƊǺ*Sec14pDx~�a�mQȬ.ǣǹÀ).ƵƳǁ
,ƊǺ-&
(/ŵȘū,ɌÆ�Ċ�Ə�@(
?�

�a-TTP
� a-TTP/ñ�ɳ-®ď�@"Sec14pDx~�a�mQȬ.�ǒ)�ǶǾǣǹ)a-gU
pI��� (nax�E) .ȊƦ2.ÆƘ-ɚ��?5*�Ăë�@(
?39�a-TTP/
LTD*�(CRAL-TRIOhzG�BŲ�?��Ūǈ.L�Nj}ƉǁhzG�;{c�p
BŲ�,
�a-TTP/in vitro)a-gUpI���Bǽə)ȴȻ�?ƚŁBŕ&5*�Ăë
�@(
?�a-TTPBU�h�?Ɋ¡Ď/AVED (ataxia with vitamin E deficiency) .Ú÷
Ɋ¡Ď)�>� .Ńǳ.TkyȘż<>åĔ�@"a-TTP.Ĉƾ¤.�-�u[uGk
YchPI(3,4)P2;PI(4,5)P2*.ǧäƋŞBǌ�:.�ďú�"�5@=.Ĉƾ¤/in vitro
).a-gUpI���ȴȻƚŁ/Ǫŕ�(
"��in vivo)/ƊǺBč
�a-gUpI�
��ÆƘ�Ƞğ�@,�%"5*�=�a-TTP�ǣǹÀ)ƊǺ�?��)u[uGkYc
h*.ǧä�ɐȓ)�?5*�ǌò�@"40�LTP/ƿƕŁvSdg-ĝ�(
Ȇ�*,
?ɯþBŲ�?5*�ǧŮƇȾȘż�=Ŝó�@(�>�ƕĥ�)~N�h*,?ǻȬ

BȴȻ�?ɤ/ȆBɗ�( (Closed conformation) ǻȬ.ƜÅBɜ��ǽ*ǅ�¥Ʒ�?
ɤ/ȆBɘ
( (Open conformation) ǻȬ.ß>ȷ7;Ř»Bȋ�*ǲ�=@(
?�ǧ
ŮƇȾȘż�=�a-TTP/u[uGkYch*ǧä�"Ưŉ)/Ȇ�Open*Close.�ə
.Ưŉ)�?5*�ǌò�@"5*�=40�u[uGkYch*.ǅ�¥Ʒ/a-gUpI
���BŘ»�(ɗ�(
"ȆBɘ�Òž��?*�ņ�@"�

=.1-�+9��&)(�
� �Ⱥ.<�-�ǣǹÀǻȬȴȻ.Șū�Ɂ@(
?5*.Ƴƹ*�(�ǽə.ǻȬȴ

Ȼ.Șżƙ�ɞ=@(
?*
�5*�ŗ�=@?�ǻȬȴȻ.Șż-Ʋú�-Ʒ
=

@(
?ōƙ*�(/�

ĉɌ�=ƉȧǻȬBǣǹ-ß>ȷ6�( .ŗÓBȗĜ�? (in vivo) 
� ǻȬ�äŋ�@"L�Nj}�=È.L�Nj}2ȴȻ�@ĈŝBà�?ăä� 

.ĈŝÒƱBȘż�?5*-<>ǻȬȴȻBȝª�? (in vivo�in vitro) 
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� �Ħǽ (~v_�y);ǝȑL�Nj}BƷ
(�hi�ǽ�=EQ]ra�ǽ2.
ƉȧǻȬ.ȴȻBȝª�? (in vitro) 

�ŗ�=@?�

� 	/�ǣǹǽ.ĉĥ�ÀĥəȴȻ.ȝª;�ǣǹǽ�=Ġǹ¤,+.ǣǹÀL�Nj

}2.ȴȻ.ȝª-ÉƷ�?5*�)�?�����5.Ũƙ�ɈƷ)�?./ǣǹǽ

�=.ȴȻ.Șż-ɞ=@(�>�ǣǹÀL�Nj}ə.ǻȬȴȻ.Șż-/ɈƷ)�

,
�6"�J�hWGg�Y[Ǚ.ĠǹȴȻ.Ĵɫ�ƪȕ)�,
*
�ôɱ:�?� 
� �/�§�0Ġǹ¤)äŋ�@"PS�xgU�h~E)PE-Ĉŝ�@?ÒƱBƣĔ�
?5*-<>Ġǹ¤�=xgU�h~E2.PS.ȴȻBin vivo�in vitro)ȝª�?*

�<�-�Ǆǁ.ǻȬ.ĈŝBÉƷ�(ǻȬ.ȴȻBȝª�?Ũƙ)�?�5.ōƙB

ÉƷ�(ȴȻ.ȘżBȋ%"ȥŦ:Ċ�ǀȍ�@(
?��ȴȻBȝª)�?ǻȬ*L

�Nj}�ƅ9(ɞĔ�@(
?�6"�L�Nj}-<%(/ĠǹȴȻ.Ĵɫ�ƪȕ

)�,
5*�ĝȩ*,?ǻȬ.äŋÒƱ�£
ăä-ȴȻBȘż�?5*�ɧ�
,

+.ôɱ:�?�

� �/�ŢĞŁå¢¸Ǣ;ȈºÆĎ)Ɖȧ�"ǻȬ.hi�ǽ�=EQ]ra�ǽ2.

ǐÓBȘż�?Ũƙ)�?�Ʈ-~�ǻȬ.ȴȻBȝª�?ăä�ȴȻ�?ǻȬ.Ʈƾ

Ł�ɸ
ăä-/ôɱ,
��~N�h*,?ǻȬǒ�Ċ
ăä-/L�Nj}ǽ;~

v_�yǽBƇŋ�?ǻȬ6)ȴȻ�(�6�"9�ȴȻÒƱ.ȝª�ɧ�
*
�ô

ɱ�Ƶ�?�6"�ƉȧǻȬ.ǒɳ�ɞ=@(
?*
�ôɱ:�?�

� �=-�L�Nj}ə.ǻȬȴȻ-/Ȓť.ƊƇ;ǦȰ��?ăä:Ċ��ǻȬȴȻ

-ɚ��?5*�ņĔ�@?÷ĎBƋŞ��(:��.ƊƇ�ǦȰ-<?ȴȻ�ȋA@

?"9�ȝª�øɧ)�?*
�ôɱ:�?�

��������=.�
� xgU�h~E/¼(.ǆƂǣǹ-ďú��QJ�ɏöȰ�ɏÕǁ~�ɏÕ,+�ǣ

ǹ.Jj�P��Ȧ-�
(ɐȓ,Ýŀ�ȋA@?õē)�?�xgU�h~E/Jj

�P��Ȧ.�-:��Ɍ.ǻȬ;u�{�.äŋ�Evg�Y[.Êĺ,+-:ɚ�

�?�ǻȬ/5@=.xgU�h~E.ƊǺ-:ɐȓ,ĵÎBž"�(�>�§�0�

PE;CL/íéɔȒä¤.đĔÕ;ƚŁ-Ŀȓ)�?41, 42�6"�PE;CL/ǽɨ¢.Ǫŕ
-:Ŀȓ)�>�Ƌč�?*xgU�h~E.ȉä-ƋŞ�Ƶ�43�TOMȒä¤;TIMȒ
ä¤B��"xgU�h~E2.a�mQȬȴȻ�£��?5*41, 44�Ăë�@(
?� 
� �)Ⱥ3"<�-�xgU�h~E.PEÜ1CL/�xgU�h~EÀǽ-Ģú�?
Psd1�Crd1-<>äŋ�@�ÉƷ�@?�xgU�h~E-��?PEäŋ.ĀȬ*,?
PS;CLäŋ.ĀȬ*,?PA/Ġǹ¤)äŋ�@?"9�xgU�h~E2ȴȻ�@?Ŀ
ȓ��?�6"�PE;CL�ĉ.ǻȬ-&
(:�.L�Nj})äŋ�@?"9�xg
U�h~E2.ȴȻ�Ŀɮ)�?�S. cerevisiae-�
(xgU�h~E*�.L�Nj
}.ə)ĠǹȴȻ�ȗĜ�@,
5*�=�5@=.ǻȬ/ĠǹȴȻ-©ď�,
ƊƇ

-<>ȴȻ�@?*ǲ�=@?�ĸ%(�xgU�h~EBĝȩ*�"ǻȬȴȻ/�Ġ
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ǹȴȻ.ĴɫBǲ�?Ŀȓ�,
�6"�xgU�h~EǻȬ.ƾĨ/íéƊǺ-Ĵɫ

�?ăä��>�xgU�h~E2.ǻȬȴȻBíéBĿȓ*�?ɩǀɎŁƨǢƤÿû

).ƵǸ-<>ǜ«-ȝª�?5*�áǺ)�?*ųĶ�@?���.5*�=�xg

U�h~E/�ĠǹȴȻ-©ď�,
ǣǹÀǻȬȴȻƊƇ.ȘūBɀ9?��)ȁ
{

f�L�Nj}*�(ÉƷ)�?*ǲ�=@?�

�02�;$�

� 556)Ⱥ3(�"<�-�~�ǻȬ/Ƶ¤ǽ;L�Nj}-*%(ɐȓ,ĵÎBŲ

�(
?�ǻȬ.ȴȻ/ǽ;L�Nj}.ƇȾ;ƊǺ��=-ǻȬ.äŋ;�Ȧ-ƞ�

ɚA?ɐȓ,Ʋȩ)�?��~�ǻȬ.ǣǹÀȴȻƊƇ-&
(/PS.ȴȻ-ɚ�?ǉ
ǔ��Ɍɀ9=@(
?4�/�4*C+ŵȘū)�?�

� Ŷǉǔ)/L�Nj}ə~�ǻȬȴȻƊƇ.ȘūBǄǁ*�(�S. cerevisiaeBƷ
(
ȘżBȋ%"�ıǉǔĖ)/�xgU�h~E.PEäŋƋŞƁ)�?psd1DƁ.xgU�
h~EPEɒ.£�*íéƊǺƋŞBɸǀƲ-<>öĻ��?Ɋ¡Ď*�(SFH1BåĔ
�� .ƊǺ.ȘżBɀ9(�"����,�=�Sfh1�+.<�,ƊƇ-<>xgU�
h~E2.PE¨ǨɒBą;�� .ƊǺBöĻ��?�ŵȘū)�%"� 
� ǘ1Ǘ)/�Sfh1.ƵƳǁƊǺ.ȘūBǄǁ*�"ȘżBȋ
�Sfh1�Ġǹ¤-J�h_
�yə.~�ǻȬȴȻ-ɚ��?*
�{f�BŜó�"�6"�xgU�h~E2.

PEȴȻ2.MCS.ɚ�-&
(Șż�"� 
� ǘ2Ǘ)/�Sfh1*Sec14.ƊǺ.Ɇ
BƵ�?ȓ÷.ȘūBǄǁ*�(Sfh1*Sec14.
ƓȳȘżBȋ
�Sfh1.J�h_�y*.ǅ�¥Ʒ�ɐȓ)�?5*Bǌò�?ǧžB
Ĺ"��=-�Sfh1.Ƶ¤ǽ*.ǅ�¥ƷƊƇ-&
(ȘżBȋ%"� 
� ǘ3Ǘ)/�Sfh1�ĉ.Sec14pDx~�a�mQȬ�ǣǹÀ~�ǻȬȴȻ-ɚ��?
�BƄȚ�?"9�¼(.Sec14pDx~�a�mQȬBƋŞ��"Ɓ.¥ȑ*ȘżBȋ
%"�

14



ホ
ス
フ
ァ
チ
ジ
ル
エ
タ
ノ
ー
ル
ア
ミ
ン
（

PE
）

ホ
ス
フ
ァ
チ
ジ
ル
セ
リ
ン
（

PS
）

ホ
ス
フ
ァ
チ
ジ
ル
コ
リ
ン
（

PC
）

ホ
ス
フ
ァ
チ
ジ
ル
イ
ノ
シ
ト
ー
ル
（

PI
）

O
H

P O
-

O

O
H 2
CCH

O

CH
2

O

C

R1 R2

C O O

O
CH

2
CH

2
N+

CH
3CH
3

CH
3

O
CH

2
CH

2
NH

3+

O
CH

2
CH

NH
3+

CO
O
-

ホ
ス
フ
ァ
チ
ジ
ン
酸
（

PA
）

O

H
O

O
H

O
HO
H

H
O

1

2

3
4

5

6

O
CH

2
CH

CH
2

O
H

O
H
ホ
ス
フ
ァ
チ
ジ
ル
グ
リ
セ
ロ
ー
ル
（

PG
）

O
P O

O
H 2
CCH

O

CH
2

O

C

R1 R2

C O O

O
-

CH
2

CH
O
H

CH
2

O P O
-

O
O

H 2
CCHCH

2

O O

C C

R 3 R 4
O O

カ
ル
ジ
オ
リ
ピ
ン
（

C
L）

Fi
g.

0-
1
主
要
な
グ
リ
セ
ロ
リ
ン
脂
質
の
構
造

15



Fi
g.

0-
2
出
芽
酵
母
に
お
け
る
リ
ン
脂
質
の
分
布

代
表
的
な
オ
ル
ガ
ネ
ラ
の
リ
ン
脂
質
、
ホ
ス
ホ
イ
ノ
シ
チ
ド
に
つ
い
て
、
そ
れ
ぞ
れ
左
か
ら
多
い
順
に
示
し
た
。

16



Zinser E. and Daum G. Yeast 11, 493-536 (1995)

Sub-cellular fraction
% of total phopholipid

PC PE PI PS CL PA others

Plasma membrane 16.8 20.3 17.7 33.6 0.2 3.9 6.9

Secretory vesicles, sec1 (sec6-4) 35.0 
(37.6)

22.3 
(19.5)

19.1 
(19.5)

12.9 
(16.8) 0.7 1.2 8.8 

(6.7)
Golgi ~26 ~25 ~27 ~24 - - -

Heavy microsomes 45.2 21.9 11.4 8.0 1.0 4.1 5.6

Light microsomes 49.6 22.6 8.0 9.6 0.7 2.1 4.5

Nucleus 44.6 26.9 15.1 5.9 <1.0 2.2 4.3

Vacuoles 46.5 19.4 18.3 4.4 1.6 2.1 7.7

Peroxisomes 48.2 22.9 15.8 4.5 7.0 1.6 -

Mitochondria 40.2 26.5 14.6 3.0 13.3 2.4 -

Inner mitochondrial membrane 38.4 24.0 16.2 3.8 16.1 1.5 -

Outer mitochondrial membrane 45.6 32.6 10.2 1.2 5.9 4.4 -

Mitochondrial membrane contact 
sites 31.1 34.9 4.9 0.4 17.0 0.9 10.8

Lipid particles 36.4 20.0 31.6 5.4 ND 2.7 3.9

Table 0-1 出芽酵母における各オルガネラのリン脂質組成
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