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ʡŞ 
 

� ʃĭ07 ďÕƮǀÚʻ£Ś�E:ɞƔÕLĆƽ#H a-k��{�� Cʆȁ
6ǽk�b�±Ĳǜ1!/ȷȞ I) vasohibin i�v[Ůɬĵǲ6 X ǔĎƗ
ĬǨ¾ǈ4-�/ȧB)� 

� vasohibin 7ďÕȾɛņ，�Œǀ#HďÕƮǀ£Ś1!/ȷȞ I)�wo4
��/�-6a{iQ| vasohibin1(VASH1) 1 vasohibin2(VASH2) �Ǯ｡! 
2+FC small vasohibin binding protein(SVBP) 1�Ȟ4ɬĵǲLĆƽ! ņ，
Å;1ɮɚ IH�Ȼ4ɐǀƏáȃÄ6ďÕȾɛņ，0ďÕȾɛņ，Ǧƨ£Ś
(VEGF)4E,/ʙȸ I VASH1 7ďÕƮǀ4（ƻȢ VASH2 7ˁƳȢ4ȵ
��1�ȅFI/�H�Ȼ4�M4��/7ņ，Ǧƨ1ò4ďÕƮǀ7ƃʡ3
ʒÍL¸)!/�G Ǳ�6�Mņ，0 VASH26ɐĚʳ6ĨƟ�@FI)� 

ĀɅ ďÕƮǀD�M17ɲ4Ʋĉņ，ƬȖ6ʴ 4��/ vasohibin 7 a
-k��{��6ǽk�b�±Ĳǜ1!/ȷȞ I)��6ɹĶLɛǋG4 ɬ
ƺ6ĎƗĬǨ�ɹĶ I)�ĎƗĬǨ6čȞ4EG SVBP16ɬĵǲĆƽDÝ
Ů6Ƀū ĲǜÎƼ6ɮŚâĬ�ʍF�13,)�ǟʔi�^lo1!/EGĚ
ůȢ3êʿ�¶ɇ43,)¡、0 vasohibin ĲǜÎƼ6ƻĢDǰ6óȵ#H£
Ś16ÚĄƼ ņ，Å;6ɮɚĉʼ32ɦʍ3ȩ�Ǳ�ŕ,/�H� 

ʃĭ0ʍF�4!) vasohibin 6ĎƗĬǨ7 ɹĶ I)ɬƺ6ĎƗĬǨ1Ǚ
ǲȢ3ĬǨ7¡ȉ!/�)� Nʆȁʴ 4Ǹ�3Ŀ���,)�'�0 Ɲņ
4əË!/Ď¸ ʃĎƗĬǨ4��/7 ĎƗȍ6 2¿ȨǳƙŬ6ʶǌ VASH1

ɮŚ1 N ʆȁʴ L¼!/}m�ŗʳǲLĆƽ!/�H�1�ʍF�13,)�
}m�ŗʳǲ7 56ɗʐ�F 67ɗʐ6O�tŔŕÝ�FƽH Nʆȁʴ LǢĠ
4ĤÓ!ĵ��10�Ȟ±!/�)�N ʆȁʴ 6ƹǜĎĵ�E:ǚƹƼĎĵ
6vi��7 }m�ɁʳǲLĆƽ#Hǰ6ĬǨ1�3H�1CʍF�43,
)� F4 ɮŚȶʵÌb����b��Lį,)1�J }m�ŗʳǲ7Ǚǲ
ĬǨ6�ȞƼ�ŧĽ I)�14µ� }m�Ɂʳǲ4ə</ N ʆȁʴ 6ɴ
ȶ�（ƻ I/�)� 

� ʃĕíEG VASH1/SVBPɬĵǲ4��/Ʈä3}m�ŗʳǲ6Ćƽ1 Nʆ
ȁʴ 6¶ȶƼ�ɐĖ I)�10 ĲǜÎƼ6ƻĢâĬ3F:4ņ，Åɮɚ
ĉʼ4Ú#HƮ)3¶ɇƼ�ŧĽ I)� 
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ʬģ¡ʧ 
 

VASH  vasohibin 

 

SVBP  Specific Vasohibin Binding Protein 

 

aa  Amid Acid 

 

VEGF  Vascular Endothelial Growth Factor (ďÕȾɛņ，Ǧƨ£Ś) 

 

MD  Molecular Dynamics (ɮŚȶʵÌ) 

 

MBP  Maltose Binding Protein 

 

TEV  Tabacco Etch Virus 

 

IPTG  IsoPropyl b-D-1-ThioGalactopyranoside 

 

DLS  Dynamic Light Scattering(ȶȢĥőʦ) 

 

TLP  Trypsin Limited Proteolysis(o�|b�ĜȞɮ¾) 

 

SDS-PAGE Sodium Dodecyl Sulfate PolyAcrylamide Gel Electrophoresis 

 

SEC-MALS Size Exclusion Chromatography Multi-Angles Light Scattering 

(aQeɊƒ[��o\�zP�ǱÊȯĥőʦ) 

 

RMSD  Root Mean Square Deviation 

 

RMSF  Root Mean Square Fluctuation 

 

SASA  Solvent Accessible Surface Area(ʟɎʽƅɢʎǉ) 
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ǹ 1ƚ� Ƒʿ 
ɐǼ!)ǝƩ(ǧÜ)07ďÕ��?3�ȑGƌF I/�/ ŔǜD¨ʣǜȲ
LƈÔ %H�10âɇL�Ť!/�H�C!ɐǼȃÄ6ďÕƮǀ�ȝş!/
!?�1ǝƩ6ƽȖ7Ƕ,/!?� ďÕƮǀ4šşB���F3�I8�M
326ź˃Lʙɐ#HöI��H�ďÕƮǀLƻĢ#H�17? 4ǀʌ6v
Q|�Q�LÕʩ#H�11ě�H�ǝƩEGCƔ 3ņ，�~�0æ�HQ
~�o6ȍ47 ʸ�8ņ，ɮʺť6Ǔƪǲ6ɮɋDƲĉņ，6ŬōƽȖ32 
ɞƔÕ6ƬƄ�Ǹ�3ʒÍLǿ,/�HC6��H�ɞƔÕ6ƬƄ4�ƣ�æ
�H1ņ，ɮʺť6Ǔƪǲɮɋ6�ƣD Ʋĉņ，6ɮ±4�ƣL�)#¶ɇ
Ƽ��H�¡Ė�?GÚĄ63��IF6Ɂ-6ǀʌĚƞ4ư�Úʜ!/�H
i�v[Ů� vasohibin 0�H� 

vasohibin 7ďÕƮǀ4Úʜ#H£Ś1!/ŃƏ4ɐĖ I ǊșȶɭŹ6Ù
0Ī�ɷǮ I/�H� 2 -6 vasohibin v��\ vasohibin1
VASH1�1
vasohibin2
VASH2�7 Ǘű�ďÕƮǀLǞÆ! ġű�ďÕƮǀLǩƳ#H
âɇLŤ-
Sato, 2013�� vasohibin7 small vasohibin binding protein
SVBP�
1ɬĵǲLĆƽ! ɜɠƉȢ3ĉʼL¼!/|�flb�\�E:ɮɚ IH

Suzuki et al., 2010��  

ĀɅ VASH/SVBP7ƵƔǲ6r����6ɐǼ1ƾƣ3ÝȟʅĆƽ4Úʜ!
/�H�1�K�,)
Pagnamenta et al., 2019; Tanabe et al., 2018�� �6ĉʼ4
��/ vasohibin7 r����6ɮ±LƻĢ!/�H k��{��6ʄʕġ
žƦ4Úʜ!/�H�VASH1/SVBP1 VASH2/SVBPɬĵǲ72+FCW��Y
b�|bj�g1!/âɇ! a-k��{�� Cʆȁ6k�b�ŕÝLǋȂ#
H��6k�b�ŕÝ7 a/b-k��{��ɁʳǲĆƽ4ƃʡ0 vasohibin 7 k
��{��ƃĵǽƃĵɓaQ[�ƻĢ6¡）Lǿ,/�H
Aillaud et al., 2017; 

Nieuwenhuis et al., 2017��ďÕƮǀ4��Hâɇ7�3H� òț6ĲǜÎƼL
ʗ#H32 2-6v��\6��7ɦʍʲ3??0�H� 

¡ɔȢ4|�mO�g7'6ɐĚ�Fâɇ#H?06Ù ɬƺ6ȃÄLĉ/
ɦÎƼą�FÎƼą;1ȔǏ IH�y �8 o�|b�326f��|�mO
�g7 ɦÎƼ3k��^�6Ć0o�|bt�^�1!/ɐĚ I ġ4ǋȂ
 I/ÎƼ± IH(Stroud et al., 1977; Hedstrom et al., 1996)�'!/W�bR�
�o�|b�4õ�Ďĵ#H�10 |�mO�gL�Ȟ±#H(Caldwell, R. A. 

1992) �Odv�Z�Ŕ|�mO�gzN���6�|b� Xdo�b� �
r�326ǰ6|�mO�gCk��^�1!/ɐĚ I |�mO�gp�
Q�4ʻ3H|�f\��oL¼!/ŨğǞÆ IH (Trudeau et al., 2013) ��
6|�f\��o7|�mO�gp�Q�4Ďĵ! ǳƞ£Ś6i�v[Ůɮ
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¾�ř?H?06Ù ɦÎƼ±ƥǵL�Ť#H
Dunn, 2002�Morales et al., 2012�� 
vasohibin 6O�tŔɋ×¾ǈ4EG vasohibin 7 Ca2+ ĎĵƼo��d\�
i�q�gʞbdmQ�|�mO�g4Ǭ#H�1�Ƹǫ I/�H
Sanchez-

Pulido�Ponting, 2016��VASH/SVBP ɬĵǲ6ĎƗĬǨ�FC ƫɎÎƼɪ��
ůŇ4o��d\�i�q�g4ʷţ#H�1�ŧ I/�H
Adamopoulos et 

al., 2019; Li et al., 2019; Liao et al., 2019; Wang et al., 2019; Zhou et al., 2019; Liu et al., 

2019��VASH/SVBP ɬĵǲLØŎ#H1 vasohibin 6�Ȟ±Dņ，Åɮɚ4ɟ
ʡ3 SVBP 7 VASH 6 N ʆȁǪĬǨʴ 4Ďĵ!/�)�k��{���|
kp?)7ǞÆň1ɬĵǲLĆƽ!)ĬǨ�F7 vasohibin 6ÝŮɃūâĬ�
ʍF�43,)
Li et al., 2019; Liao et al., 2019; Wang et al., 2019; Zhou et al., 2019��
!�! �IF6ĎƗĬǨ�F7 VASH/SVBP ɬĵǲ6ȶǵDâɇȔǏ4-�
/6Ɓɮ3ȅĖ7ȺFI/�3�� 

vasohibin7 ʋȊƑ0Ȟ?,)ɁŦĬǨLĆƽ!3� Nʆȁ�E: Cʆȁʴ
 Lʗ!/�H�µ�/ N ʆȁʴ 4Ú!/7v��\Ù06ɋ×ɷǮƼ�Ȝ
��ǐįĕí4EG VASH17 Arg29�E: Arg760ǋȂ IH�1�K�,
/�H
Sonoda et al., 2006��Arg29 06ǋȂ7ĬǨȢǇŵƼ4£H1Į�FI
H�¡、 Arg76 7 SVBP Ďĵ4Úʜ#Ha-}�l[d6¡ɪ0�H�1�F 
�6ŕÝ6|�flb�\7ĬǨƟ6ȶȢȻƼ4£H1Į�FIH� ƾÉ3
ƼŮ7ɦʍʲ3??0�H�'�0 �6ʴ 6ȻƼ1 VASH1/SVBPɬĵǲ6
ĬǨȢȶǵ6Ȕŀ4ȌŸ!)�Ĺ¿ĬǨčȞ!)ĎƗĬǨ7 ǰ6 VASH/SVBP

ĎƗĬǨ47ĖFI3�}m�ŗʳǲLĆƽ!/�/ |�mO�gp�Q�
Ⱦ6 N ʆȁʴ 4¶ȶƼ�ɐĖ I)�ʃĭ07 Ʈ)4ɐĖ I)}m�ŗ
ʳǲ1àǮ6}m�ɁʳǲĬǨLƝņ4əË#H11C4 ɮŚȶʵÌ
MD�
b����b��Lůį!/ ĬǨ6¶ȶƼLəË!)� 

 

 

 

 

 

 

 

 

 

 

 



 6 

ǹ 2ƚ� Ŋʱ1、。 

DNA[��r�\1i�v[ŮȔǃ 

wo VASH1 7ǙȖ 364O�tŔŕÝ0Ĭƽ I)ɮŚʳ 40.825 kDa 6i�
v[Ů0�H�wo VASH11 SVBP6ɁŦĬǨ�E:ȤǘɴƼʴ 4Ú!/'
I(I PredictProtein (Yachdav et al., 2014) 1 DISOPRED (Jones and Cozzetto, 

2015) Lʠ�/〜ǫL!)�ʃʿ4��/ ǙȖ VASH16�+ 56 �F 310 ɗ
ʐ6O�tŔŕÝL VASH1core (�ġ VASH1c?)7 VASH11ɢå) 1Ȟé!
)�wo6ǙȖVASH1 (2-3656O�tŔŕÝ(�ġ aa1ɢå#H) ) 1ǙȖ SVBP 

(2-66 aa) 71C4 pcDNA3.1 ɐĚ~[i�(Kadonosono et al., 2017)�F�ȪŚ
ȂɵL PCR。Lʠ�/Ǧɫ!)�PCRŒɭLÁɴą pMalc2x vector4ȸɂ! 
MCS 6 NʆȁǪ�FMBPǂǃi\ 6xhistidinei\ 5xTEV|�mO�gɃ
ūɋ× VASH1c (56-310 aa)  2xTEV|�mO�gɃūɋ× SVBP (2-66 aa) 6
ƍ0òɐĚ0�H_�do�[o (CSBP255) Lŋǃ!)� 

CSBP255 L One shot BL21 Star (DE3) pLysS (Invitrogen) 4ĆŮȨÓ! 100 

µg/ml 6O�yb��LÛA LB ÐȤɍȆLʠ�/ 300¡ɖɍʣ!/Ǹȓÿ
6ǖɲLį,)�ǖɲġ6_�r�L 100 µg/ml 6O�yb��LÛA LBªǲ
ɍȆ4Ƨÿ!/ 300 OD600 nm = 0.5 43H?0ɍʣLį,)�ſɆȯ 0.2 

mM 43HE�4 IPTG LȦµ!/i�v[Ů6ɐĚLʙȸ!  F4 48 ť
ÙɍʣLį,)�ɍʣªL«ƭâ Avanti HP20 (BECKMAN)0 JLA8.1000��i
� (BECKMAN)Lʠ�/ 6000 rpm 40 15ɮÙ«ƭ! ƟƿLƒ�/ Buffer 

A500 (10 mM Tris-HCl (pH8.0), 500 mM NaCl)0ÿǲLĒǻ!)�ĒǻªL 50 ml 

k��{4ɮȏ! «ƭâ CR 21G˄ (HITACHI), R18A��i� (HITACHI) L
ʠ�/ 6000 rpm,  4, 10ɮÙ6«ƭġ ƟƿLƒ�/-800ȰĎ!)�ȰĎ!
)ÿǲLʚ¾! Buffer A500 L  35 ml 1 EDTA-Free Protease Inhibitor (GE 

Healthcare)Lµ�/ hr]�i� (BRANSON, Duty: 20%, Output control: 10)L
ʠ�/ɡƟ4/ȕ¯Ɉ0ɉŅ!)�ɉŅªL«ƭâ CR 21G˄ (HITACHI), R18A

��i� (HITACHI) Lʠ�/ 12000 rpm, 4, 10 ɮÙ6«ƭLɁȯį� Ɵƿ
L¿ż!)�Ɵƿ7 1.0 µm2 1 0.45 µm2 6zP�i�Lț!)6+ AKTA pure 

(GE Healthcare)LŖʠ!/ 10 ml MBPTrap HPW�� (GE Healthcare)Lʠ�)O
zPrmP[��o\�zP�4E,/ǂǃ!)�ʟƅ»ɮL¿ż! ǂǃi\
LǋȂ#H)B4ſɆȯ 1 mM 6 2-Mercaptoethanol 1 0.1 mg ȡȯ6 TEV 

protease Lļ&/ ŭ®0¡ɖɓ %)�ɓªL BufferA0 (10 mM Tris-HCl 

(pH 8.0)) 0 5Ɍßų! SP Sepharose HPW��(GE Healthcare) Lʠ�/ʢQV
�ĤÓ[��o\�zP�Lį,)�ʟƅʠulzN�4 BufferA100 (10 mM 
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Tris-HCl (pH 8.0), 100 mM NaCl)�F BufferA1000 (10 mM Tris-HCl (pH 8.0), 1 M 

NaCl) Lʠ�/ʻǭȢ3¬ɆȯħɋL-�G ʐȢi�v[ŮLǂǃ!)�¿ż
!)ǂǃªLĜÅ˂ºW��(Amicon Ultra, Millipore)0ɆƄġ Superdex 200 (GE 

Healthcare) Lʠ�/^�˂º[��o\�zP�Lį� Ǿ¡y�[»ɮLŃ
ſǂǃɭ1!/¿ż!)�i�v[Ů6ĎƗ±6)B4łȯĜÅ˂ºW��
(Amicon Ultra, Millipore)Lʠ�/ɆƄ!)ġ ɞʳȴǈʅLʠ�/ʟɎL 10 mM 

CHES (pH 9.4) ;1ȈÓ!)� 

  

ȶȢĥőʦ
DLS�4EHi�v[Ů6½ĵƥǵ6ɣ´ 

ǂǃ!) VASH1-SVBP ɬĵǲ6½ĵƥǵL¾ǈ#H)B4 Zetasizer µV 

(Malvern Inc) Lʠ�/6ȶȢĥőʦǫȞLį,)�i�v[ŮɆȯ6�3H 5

-6ßųĈ×
0.65, 1.25, 2.5, 5, 10 mg/ml�4ǳ!/'I(I¬Ɇȯ6�3H 4

-6ßųĈ×(0, 100, 200, 300, 400, 500 mM)LĵĊ 30Źʷ6ǫȞʠŠʱLȔǃ!
)�Çi�v[Ůʟª7�Q[�Y�~lo4 3 µl ɂI 3¿$-ǫȞLį3
,)�ǫȞĎ¸7 Zetasizer ǒʠ6hzoRSO (Malvern Inc) Lʠ�/¾ǈ!
)� 

 

o�|b�ĜȞɮ¾
TLP�4EHp�Q�ĬǨ6�ȞƼ6ɣ´ 

ǂǃ!) VASH1-SVBP ɬĵǲ6ĬǨ�ȞƼ1p�Q�ĬǨL¾ǈ#H)B
4 o�|b�Lʠ�)ĜȞɮ¾Lį3,)�o�|b�Ɇȯ6�3H 4 -6
ßųĈ×LȔǃ!(0, 1, 10, 100 µM) 2 mg/mL6i�v[Ůʟª 10 µl 4ǳ!/
1 µL6 20 mM CaCl2 7 µL6 BufferA0, ÇɆȯ6o�|b�L 2 µL ļ&/ ŭ
®0 30, 60, C!�7 180ɮÙɓ %)�4�SDS loading buffer L 6 µl Ȧµ
!/ 95℃ 5 ɮÙ6ɄƎʩLį��10ɓLşB SDS-PAGE Lį� 
CoomassieǓƪL#H�10ʐȢ6i�v[ŮLēƅ!)� 

 

aQeɊƒ[��o\�zP�1ǱÊȯĥőʦ。
SEC-MALS�4E

Hʟªȍ06ǱʳǲĆƽƥǵ6¾ǈ 

ǂǃ!) VASH1/SVBPɬĵǲ6ʟªȍ4��HǱʳǲĆƽLaQeɊƒ[�
�o\�zP�ʠW�� Superdex 200 increase 10/300 (GE Healthcare)1ǱÊȯĥ
őʦēƅÜ Wyatt DAWN HELEOS II (Wyatt technology)Lʠ�/¾ǈ!)�W�
�7ǂǃ!) VASH1/SVBP ɬĵǲ6ʟɎ0�H Buffer A500 (10 mM Tris-HCl 
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(pH8.0), 500 mM NaCl)0ɰİ±! ǫȞ#H VASH1/SVBPʟª7 10,000 × g 0
15ɮÙ«ƭġ 0.02 µm2 6zP�i�Lț!/ûƀǲLŷGƒ�)�6 mg/ml ȡ
ȯ6 VASH1/SVBP ʟªL 60 µl ȡȯQ�cS[b��ǒʠ6X�duQO�
(Waters Total Recovery)4ɂI)�X�duQO�LW��f�4ǎȈ!/
VASH1/SVBP ʟªL Superdex 200 increase 10/300 W��4ʭ!)�SEC-MALS 

6bdm�6ƻĢ1ǫȞĎ¸6¾ǈ47ǒʠhzo Astra6 (Wyatt technology) 

Lʠ�)� 

 

ĎƗ±1ĬǨčȞ 

VASH1/SVBP ɬĵǲ6ĎƗ±6)B4 ^�˂ºǂǃġ6i�v[ŮʟªL
ɆƄ! ʟɎL 10 mM CHES (pH 9.4) ;1ȈÓ!/i�v[ŮɆȯ� 17.7 mg/ml 

13HE�4Ȕǃ!)�VASH1/SVBP ɬĵǲ6ĎƗ±47blmP�\p�l
|ãªɰİ。ʠ6ĎƗ±|��o1ȘȬň1!/ NEXTal DWBlock JCSG Core 

Suite II ĎƗ±d[��r�\Ylo(Qiagen) Lʠ�)�17.7 mg/ml6i�v[
ŮʟªL 0.16 M ʮŔO��rR�, 0.08 M ƶŔqo�R� pH 4.6, 20% (w/v) 

PEG4000, 20% (v/v) \�f���6ʟªƤđ°0 20 ƺ�ĐÙǆȈ!/
VASH1/SVBP ɬĵǲ6ĎƗLŋǃ!)�ŋǃ!)ĎƗ7ªǲȋǜ0ƇÙȰĎ! 
-�86ɻŰĥŝǎ PF-BL1A0 Xǔ¿Ǎn�iLǫȞ!)�¿Ǎn�i7 XDS 

(Kabsch, 2010)Lʠ�/Ǝʩ! PHENIX package (Liebschner et al., 2019)Lʠ�/
VASH1-SVBP ɬĵǲ(PDB ID = 6NVQ)LÝ4!)ɮŚȈÓ。4E,/ĬǨčȞ
Lį3,)�ĬǨčȞ4EGȺ)ĬǨ�n�L PHENIX 1 COOT (Emsley et al., 

2010)Lʠ�/ʫǲĬǨ6Ńȣ±Lį3,)�ŃſȢ4ȺFI)ʫǲĬǨ (PDB 

ID = 6LPG) 7 VASH1 (Chain A: 56 - 304 aa) 1 SVBP (Chain B:26-53 aa) �Fƽ
G 4-6ʮŔQV�1 76 ĝ6ƹɮŚLÛM0�)�ʃʿȍ0Ʒŧ!)ʫǲĬ
Ǩ7  COOT 1 BIOVIA Discovery Studio (Dassault systems, Velizy-Villacoublay, 

France) 3F:4 VMD (Humphrey et al., 1996) Lʠ�/ŋƽ!)� 

 

Discovery Studio�E: PDBePISA 4EHĎƗĬǨ6¾ǈ 

VASH1/SVBP ɬĵǲ6 X ǔĎƗĬǨ
PDB ID = 6LPG�6Ɲņ1ǰ6
VASH1/SVBP ɁʳǲĬǨ16əËLį�)B4 BIOVIA Discovery Studio 

(Dassault systems, Velizy-Villacoublay, France) 1 PISA Server 

(https://www.ebi.ac.uk/pdbe/pisa/)  Lʠ�/¾ǈ!)�ɬƺŹʷ6 VASH1/SVBP 

ɬĵǲ6ƃ5ĵK%47 Discovery Studio 6 Align Sequences and Structures �E
: Superimpose Proteins |�o_�Lʠ�)� 
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VASH1/SVBP ŗʳǲ
PDB ID = 6LPG�1 VASH1/SVBP Ɂʳǲ
PDB ID = 

6J7B, 6OCF�6Nʆȁʴ 
57-69 aa�6Ɲņ3ǢĠŋʠ¾ǈ47 Discovery Studio 

6 View Interactions |�o_�1 PISA Server Lʠ�/Ċœ! ɁŦĘǢĠŋʠ
�l|6ŋƷ47 Discovery Studio 6 2D Diagram Lʨʠ!)� 

 

VASH1/SVBP ɬĵǲ6 1 ns ǙO�tŔ CaęŚɮŚȶʵÌ
MD�

b����b�� 

N ʆȁʴ 
56-69 aa�6ʝȶƼLȔ<H)B4 VASH1/SVBP ŗʳǲ
PDB 

ID = 6LPG�1 VASH1/SVBP Ɂʳǲ
PDB ID = 6J7B�L�n�1!/ĬǨȍ6
PO�tŔ6 CaęŚ4ǳ!/ɮŚȶʵÌ。Lʠ�)b����b��(MDb�
���b�� )Lį,)� 1 ns 6 MD b����b��7 BIOVIA 

Discovery Studio (Dassault systems, Velizy-Villacoublay, France)Lʠ�/¾ǈ!)�
7"B4�n�ĬǨ4ǳ!/ Protein Report �E: Prepare Protein |�o_�
Lʠ�/O�tŔɋ×6ɴ�Lƒ� Minimization |�o_�Lʠ�/ʵƢv
���i�4 CHARMM� �Brooks et al., 2009) Lȣʠ!/b����b��6Ə
áĬǨLƉɝ!)�N ʆȁʴ 
56-69 aa��Fɒć� 5.5 ��ȾLƒ��
Harmonic restraint Lȣʠ!)�ÇƏáĬǨLĘ4� Standard Dynamics Cascade |
�o_�Lʠ�/b����b��Lį,)�ŃƏ4ƏáĬǨ4ǳ!/Ńìĳ
°。1òʒħɋ。L'I(I 5000dml|į�4E,/ŨʘTs�Z�LŃƔ
±!)�Ŧ4®ȯL 1000 ps 0 1	300 K 4ȗǔȢ4ƟƖ %)�300 K 0 1000 

ps Ùɰİ±! 1000 ps (1 ns)6MDb����b��Lį,)�zN�n��
��dʵ1ǆȮǢĠŋʠ47'I(I 14 Å 1 11 Å 6WloVzðʪLȣʠ!
)�MDb����b��47 2 fs6ťÙdml|Lȣʠ! SHAKEO�`�
e�4E,/ƻʓ!)
Ryckaert et al., 1977��ĬǨ1Ts�Z�7 10 ps �14
a�|��\!)�²ǠʟɎ�n�47 Generalized Born with a simple SWitching 

(GBSW) (Dominy, B. N. & Brooks, C. L. 1999) Lʠ�)� 

 

VASH1/SVBP ɬĵǲ6 100 ns ǙęŚɮŚȶʵÌ
MD�b����

b��  

N ʆȁʴ 
56-69 aa�6EGƝņ3ʝȶƼ1âɇȢ�éLȔ<H)B4 
VASH1/SVBP ŗʳǲ
PDB ID = 6LPG�1 VASH1/SVBP Ɂʳǲ
PDB ID = 6J7B, 

6OCF�L�n�1!/ĬǨȍ6ǙęŚɮŚȶʵÌ。Lʠ�)b����b��
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(MDb����b��)Lį,)�MDb����b��Lį�Ǘ4 Ç�n�
6ĎƗĬǨȍ6ƹɮŚDǞÆň32LÛA�X�pɮŚLƒî!)�Amber 

(Case et al., 2018) 6 tleap |�\��LŖʠ!/ Ȯ¹6ɳGL Cl-QV�0ȍ
ˀ! TIP3Pƹ�n�LŖʠ!/�l[dȾ6ʟɎˀ1!)�RU�i��l[
d6ɱ1i�v[Ů6ęŚ6Ù6ðʪ x y z、Ĩ0 12 Å4ǎȞ! ŽáôÂ
Ƥđ7#</6b����b��bdm�4ȣʠ!)�ʵƢv���i�47
Amber ff14SB
Maier et al., 2015�Lȣʠ!)� 

ŃƏ4 1000 dml|6Ńìĳ°。 ǭ�/ 1000 dml|6òʒħɋ。4E
,/ĎƗĬǨ6ŨʘTs�Z�LŃƔ±!)�Ŧ4 ®ȯL 1ã�0 100 ps 6
Ù � 1	310 K 4ȗǔȢ4ƟƖ %)�ɰİ±6)B4 310 K �E: 1 atm 0
Țµ6 100 ps MDb����b��Lį,)ġ ɬĵǲ6ĬǨȻƼLɮǈ#H
)B4 100 ns MD b����b��Lůį!)�zN�n����dʵ1ǆȮ
ǢĠŋʠ47 12 Å6WloVzðʪLȣʠ! ȖðʪÙ6ǆȮǢĠŋʠ7ʯŚ
�lb�Tu�o。Lʠ�/Ċœ!)�#</6 MD b����b��4 2 fs

6ťÙdml|Lȣʠ! ƹǜLÛA#</6ĎĵL SHAKEO�`�e�4E
,/ƻʓ!)
Ryckaert et al., 1977��ĬǨ1Ts�Z�7 2 ps �14a�|�
�\!)�®ȯ4Ú!/7��^x�a��dilo
Loncharich et al., 1992�
4E,/ 1.0 ps-16ƛȽɥȯ0ƻĢ!)��ʵ4Ú!/7~��g�u�dil
o
Berendsen et al., 1984�4E,/ 1.0 ps 6�ʵ×ˀťÙ0ƻĢ!)�Ç 

VASH1/SVBP ɬĵǲ4-�/ ��c�u�a��dilo6�3H 3-6ȼ
ʫ!) MD b����b��Lůį!)�?) MD b����b��6ɮǈ
6)B4 ŃƏ6 10 ns 6çȹLŌƒ!)�Çɬĵǲ6 C�ęŚ6ɁƠɰþɰ、
Ļɴȶ
RMSF�7 a�|��\ I)ĬǨLɰþĬǨ4ƃ5ĵK%)ġ4Ċ
œ!)�VASH1/SVBP }m�ŗʳǲ6Ƣĵ AŁ
VASH1�1'6ǳƙŁ0�
H DŁ
VASH1�6 RMSFȄLĝɲ4Ċœ!/ üƐȢ3ɴȶ4ǳ#H ADŁ
Ù6Ǣǳ¦ȶ6§úLŷGƒ�)�#</6 MD b����b��1'6ɮǈ
7 Amber18 �E: AmberTools18 vl]�cLŖʠ!/ůį!)
Case et al., 

2018�� 
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ǹ 3ƚ� Ď¸ 

ɐĚ_�do�[o6ŋǃ1 VASH1/SVBP 6ǂǃ 

� wo VASH1/SVBP 6ĬǨL¾ǈ#H)B4 7"B4ɁŦĬǨ〜ǫ�E:Ȥ
ǘɴƼʴ 〜ǫhzoLʠ�/O�tŔɋ×�FĬǨȢȻȒLȔ<)�'6Ď
¸ 364O�tŔŕÝ�F3HǙȖ VASH16 Nʆ Cʆʰȁ�ĬǨ�ȞƼ6Ȝ�
ȤǘɴƼʴ 0�H�1�K�,)
Ʒ 1A��?) SVBP7ǙǲȢ4a}�l
[dɁŦĬǨLĆƽ#H� ȷť4ȤǘɴƼi�v[Ů0�H1〜ǫ I)
Ʒ
1B���6Ď¸7 SVBPǾȼ07�ȞȢ4i�v[Ů�ɐĚ!3�Ď¸1¡ȉ!
/�)(ɢ 1)�'�0 VASH1 6ɐĚʴ Lɴ�)ɬƺ6ɐĚ_�do�[oL
ŋǃ! i�v[Ů6ɐĚʳLȞƼȢ4əË!)
Ʒ 1C��'6Ď¸ ǙȖ
VASH1(2-365 aa) DC(2-310 aa) DN(56-365 aa) Core(56-310 aa)6ƍ0ɐĚʳ�
Ǧµ!) Ȼ4 N ʆȁ6ȤǘɴƼʴ �i�v[Ů6ɐĚ4§úLʜ�H�1
�ŧĽ I)�NCʰʆȁLŌƒ!) VASH1 (56-310 aa) 1 ǙȖ SVBP (2-66 aa) 

6òɐĚ_�do�[o CSBP255(Ʒ 1D)6ɐĚ1¶ʟƼLēƜ!)1�J �
Ȟ!/ɐĚ!¶ʟƼCĴ��1É�BFI)(Ʒ 1E)�3� CSB_P_02677ɐĚ
~[i�6��4EGɐĚʳ� CSBP255 EGCȜ� CSB_P_0254 1
CSB_P_02567ȷȲʳ6ɐĚLŧ!)� VASH11 SVBPÙ4 TEV proteaseɃū
ɋ×Lʗ! �-Ȗ 6Ȁ�CSBP255 LɐĚ_�do�[o1!/ǖǺ!)(ɢ
1)� 

CSBP255LǸȓÿ BL21Star+pLysSÏC!�7 Rosetta+pLysS Ï4ĆŮȨÓ!/
ɍʣ!)ÿªLȕ¯ɈɉŅ «ƭɮʪLį,/¶ʟƼi�v[ŮʟªL¿ż!
)�¿ż!)i�v[ŮʟªL His i\Lʠ�)OzPrmP�ǂǃLį3,
)(Ʒ 2A, 2B �E: 2C)�ǜțG»ɮ(1	5 ���)1ʟƅ»ɮ(6	12 ���)L
SDS-PAGE 4EGēƅ!)Ď¸ ɐĚ!) MBPhis ǂǃi\ɧ� VASH1/SVBP

6ǂǃ�ÉɃ I)(Ʒ 2C)�Ŧ4 TEV protease 4EGǂǃi\6ǋȂL!)ġ 
ǂǃi\ǋȂŒɭLʢQV�ĤÓW��0ǂǃ!)�(Ʒ 2D,2E �E: 2F)��
61� 100 mM �F 1 M?06¬ɆȯħɋL��/ʟƅ#H�10ǂǃi\
ǋȂŒɭ(VASH1/SVBP)1ʉǋȂɭ(MBP-VASH1/SVBP)LǖGɮ�)(Ʒ 2F)�ʉ
ǋȂɭ(MBP-VASH1/SVBP)6ļɂ�EGƕ3�y�[(Ʒ 2E6 6	8ɗʐ6ʟƅ
»ɮ)L¿ż! Ńġ4^�˂ºǂǃLį,)�ľ¥ǳƙ3Ǿ¡6ʟƅy�[L
ŧ#Ƌȯ6Ĵ� VASH1/SVBP ʟªL¿ż!) (Ʒ 2G,2H�E: 2I)� 
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ǂǃ!) VASH1/SVBP 6ƼŮɣ´ 

� ǂǃ!) VASH1/SVBP ʟªLʠ�/ȶȢĥőʦ(DLS)1o�|b�ĜȞɮ¾
(TLP)Lį� VASH1/SVBP6ƼŮLɣ´!)�DLS 4EGʟªȍ06ɮŚ6½
ĵƥǵLǫȞ!)Ď¸ VASH1/SVBP ɬĵǲ7¬ɆȯDi�v[ŮɆȯ4�Ǯ
%$4Ǿɮőƥǵ0Ǯ｡!/�)
Ʒ 3A���6Ď¸7ʟªȍ6 VASH1/SVBP 

ɮŚ�Ǿ¡6ƥǵ0Ǯ｡!/�H�1Lŧ!/�H�VASH1/SVBP ɬĵǲ6ʯ
Ść7 6.82 nmǗġ0�,)
Ʒ 3B�� 

Ŧ4 o�|b�ĜȞɮ¾Lį3,/ VASH1/SVBP ɬĵǲ6p�Q�ĬǨ
1'6�ȞƼLɣ´!)
Ʒ 3C��VASH11 SVBP71C4Ȝo�|b�Ɇȯ
07�Ȟ0�,)�!�! EGĴ�o�|b�Ɇȯ07ɓÃř 30 ɮġ4
SVBP �ɪɮȢ4ɮ¾ I 180ɮġ47 SVBP �ÑǙ4ɮ¾ I)� �61
�ȩ0 VASH14CK$�4ɮ¾�@FI)� SVBP6 Nʆȁ 15ŕÝ7Ȥǘ
ɴƼʴ 0 o�|b�6ǋȂɠȢ0�HO�Zr��E:�c�ŕÝLÛM
0�H� �Ɵ6Ď¸�F ǂǃ I) VASH1/SVBP ɬĵǲ7�Ȟ0�H� 
SVBP6¡ɪ7əËȢƂȿ0�G SVBP6ɮ¾ġ VASH1cCċȯ6ɮ¾Læ
�!D#� N ?)7 C ʆȁɧĀ6ƺO�tŔŕÝ�ǋȂ IH�1�ŧĽ 
I)� 

� ?) ¿ż!) VASH1/SVBPʟªLʠ�/aQeɊƒ[��o\�zP�1
ǱÊȯĥőʦ。(SEC-MALS)Lį� ʟªȍ06ǱʳǲĆƽ6ƥǵLȔ<)�'
6Ď¸ ʟªȍ07=1M26 VASH1/SVBPɬĵǲ� 34 kDa 0�G VASH1

1 SVBP� 1�16Íĵ0}m�ɁʳǲLĆƽ!/�H�1�ŧĽ I)(Ʒ 3D)�
?) ʟªȍ4��/ƕƺ07�H� 89 kDa 6ǱʳǲCĆƽ I/�)� 

VASH1/SVBP 6ĎƗ± 

� ǂǃ!) VASH1/SVBP ʟª7ƼŮɣ´4EGƁɮ3Ƌȯ1þ¡Ƽ �ȞƼ�
ēƜ I))B ǭ�/ĬǨ¾ǈ4Ĩ�/ĎƗ±Lį3,)�i�v[Ůʟª6
ɆȯDʟɎDȦµɭ6ŹʷLɴ� ĎƗ±ʠ|��oƟ0ǱŹʷ6Șȫň1ǝ
@ĵK%/ʓƺǑ6ĎƗ±ƤđLēƜ!)�'6Ď¸ i�v[ŮɆȯ� 17.727 

mg/ml 6 VASH1-SVBP ʟªL 0.16 M ʮŔO��rR� 0.08 M ƶŔqo�
R�(pH4.6) 20% PEG4000 20�\�f���6ļĵª1 1�10ļ&ĵK%/
200ƺ�ĐǆȈ!)Ƥđ°0ʾÊȎƥĎƗ6Ćƽ�ØŎ I)
Ʒ 4A���6
ĎƗ4 X ǔLƘŰ#H�10Ĵ¾ǥȯ6¿Ǎn�i�ȺFI)
Ʒ 4B, ɢ 2�� 
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VASH1/SVBP 6ĎƗĬǨ 

� VASH1/SVBP6ʫǲĬǨLȺH)B4 ɮŚȈÓ。Lʠ�/āÙă P6122 6
ĎƗĬǨLŃĴ¾ǥȯ 2.3 Å0čȞ!)
Ʒ 5A, ɢ 2��VASH1/SVBPɁʳǲ6
ǙǲȢ3ĬǨ7à4ɹĶ I)ĎƗĬǨ
ɢ 3�16 RMSD6Ȅ� 0.42 �1ý
B/Ĵ�ǢÚLŧ!)
Ʒ 5B��Ʈ)4ŷȺ!)ĎƗĬǨ
PDB ID = 6LPG�0
7 4-6ʮŔQV�� VASH1/SVBP6¬ÝƼɢʎ4Ďĵ!/�)�à4ɹĶ 
I/�)ǰ6 VASH/SVBP ĎƗĬǨ6¡ɪ0C ȷʞ4¬ÝƼɢʎ4Ďĵ!)
ʮŔQV�?)7��ŔQV��Øǫ I/�)
Li et al., 2019; Wang et al., 

2019��øʈư��14 ʮŔQV�6 1-7ÎƼȍƭ6Āʀ4�G Tyr134 
Ser221 �E: Arg2221ǢĠŋʠ!/�)
Ʒ 5C���IF6 3O�tŔŕÝ
7 k��{���|kp1 epoYǞÆňLȗǌɃū#H)B4ƃʡ0�H�1
�ǐįʿɯ0ʍF�43,/�H
Liao et al., 2019; Li et al., 2019��VASH1/SVBP 

7 ŔƼO�tŔ0�H\�i��ŔŕÝ�ɿɨ3 α-k��{�� Cʆȁʴ 
4Ďĵ#H�1�ȅFI/�H�!)�,/ Ďĵ!)ʮŔQV�7 �|kp
/ǞÆň6ǢĠŋʠLʏɸ!/�H¶ɇƼ��H� 

ǙǲȢ3ĬǨȢȻȒ7à4ɹĶ I) VASH1/SVBP ĬǨ1¡ȉ!/�)� Ĺ
¿ɹĶ!)ĎƗĬǨ(6LPG)6 Nʆȁʴ 
56-69 aa�6@ǰ6ĬǨ17ƃ3F$ 
ǢÚƼ6Ĵ� VASH1/SVBP6ȍƭɪɮ�FȽƅ!/�)
Ʒ 5B��?) ÅǪ
;1ƬȖ!) N ʆȁʴ 
56-69 aa�7ĎƗÌȢǳƙƼLC-ʶǌ#H
VASH1/SVBP ɮŚ4ǡɂ I }m�ŗʳǲLĆƽ!/�)
Ʒ 5D��?) 
ɹĶ I/�)ĎƗĬǨ6ȍ47 Nʆȁʴ 
56-69 aa�6ȮŚʊȯ�@�3
�ĬǨC�G VASH1/SVBP }m�ŗʳǲ7 Nʆȁʴ 
56-69 aa��üƐȢ
4ĬǨɴ±Læ�#¶ɇƼLŧĽ!)� 

Nʆȁʴ 
56-69 aa�4Ȍʐ!/ üƐȢ3ĬǨ6Ŀ�LŃCėȐ4ŧ# 2

-6ĎƗĬǨ
6J7B 1 6OCF�LǖǺ!/ 3 -6ĬǨLƃ5ĵK%)�'6Ď
¸ Gly656�Ȉ�Ǹ���3G }m�ŗʳǲLĆƽ!/�H 6LPG 6 Arg64

6ǪŁ7ɓǳ、ĨLĨ�/�)
Ʒ 6A��cis-Pro68EGǗ6 Nʆȁʴ 7Ǹ�
3üƐȢĬǨɴ±Læ�!/�)� Pro68 4ǭ� Val69 �ĳ)7 α-}�l[d
LĆƽ! Ĵ�ǢȷƼLŧ!/�)�Nʆȁʴ 6ɴ±6Ǹ� LǫȞ#H)B
4 Glu71-Pro68-Arg64 6 Cα ęŚ�3#ÊȯLǫȞ!)1�J }m�ŗʳǲ
7Êȯ� 112° 1ŃCǸ��,)�¡、 }m�Ɂʳǲ7EGÊȯ�Ɣ �

6OCF�95° 6J7B�74°� 6J7B4��/7©ÊLƽ!/�)�?) Nʆȁʴ
 6ŶŁɁʎÊLəË!)1�J Gly651 Gly660Ǹ���3G �|kp6
ɓȨLŧ!/�)
ɢ 4���IF6ĬǨɴ±4E,/ }m�ŗʳǲ07 Gly56

�F Arg64?06ʴ � ʁ ǌ#H VASH1/SVBP ɮŚ6ȍƭɪ6Ă@4ǡɂ 
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I/�)
Ʒ 6B�� 

Nʆȁʴ 
56-69 aa�6Ŀ�LEGƝņ4ɮǈ#H)B4 PDBePISAa�
u�
https://www.ebi.ac.uk/pdbe/pisa/�1 Discovery StudioLʠ�/¾ǈ!)�Ǣ
ĠŋʠÂʎ7}m�ŗʳǲ1}m�Ɂʳǲ6Ù0ʷţ!/�)� }m�ŗʳ
ǲ7}m�Ɂʳǲ1əË!/EGǱ�6ǢĠŋʠLʗ!/�G '6Ď¸ ʟɎ
ˀŨʘTs�Z�Ȅ�Ȝ�3,)¶ɇƼ�Į�FIH�
Ʒ 6�E:ɢ 5��}m
�ŗʳǲ07 Val62�F Gly66�ǳƙɮŚ6ȷ"ʴ Ù
Val62�F Gly66�1
ƹǜĎĵLĆƽ!/�)�?) ʶǌɮŚ�Fǡɂ I) N ʆȁʴ 7
VASH1/SVBP ȍƭɪɮ6 Val69 Met77 Phe142 �E: Phe14116ǢĠŋʠL
Ćƽ!/�)
Ʒ 6C��ǰ6O�tŔÙ06ǢĠŋʠ7 }m�ŗʳǲ1}m�
Ɂʳǲ0ȷʞ4ØŎ I Phe60 Phe61 �E: Arg64 7 3 -6ĬǨ#</0
ǢĠŋʠ4Úʜ!/�)
Ʒ 6C 6D �E: 6E��Ȼ4 6OCF7 VASH1_O
ʴ (N ʆȁʴ 
56-69 aa�Lƒ�)ĬǨ¡ȉȯ6Ĵ�ʴ )16ŃƔĜ6ǢĠ
ŋʠ4E,/�Ȟ± I/�)
Ʒ 6E��!)�,/ ŗʳǲĎƗĬǨ7 Nʆ
ȁʴ 6¶ȶƼ1Īɕ3ǢĠŋʠLC)F!�Ȟ±4ıĔ#H¶ɇƼ�Ėƅ 
I)�  

 

MDb����b��4EHqtɤd]��06ïȶ6¾ǈ 

� }m�ŗʳǲ6ĬǨčȞ4EG N ʆȁĬǨ�C-¶ȶƼ1}m�Ɂʳǲ16
ĎĵʞŪ6Ŀ�LƮ)4ɐĖ!)�'�0 Nʆȁʴ 
56-69 aa��26ȡȯ
6¶ȶƼLʗ!/�H6�LēƜ#H)B4 ?$7 1 ns Ù6Ö�Ȣ3MDb
����b��Lį,)� 

ʃĕí0ĎƗĬǨčȞL!) 6LPGLĘ4!) Nʆȁʴ 
56-69 aa�4ǢĠ
ŋʠ�3�ƥǵ1ĎƗĬǨ 6J7B6 Nʆȁʴ 
56-69 aa�4ɮŚȾǢĠŋʠL
Ť-ƥǵLƏáĬǨ1!) 1 ns MDb����b��Lį� Nʆȁʴ 
56-

69 aa�6ʝȶƼLəË!)�Nʆȁʴ 
56-69 aa�4ǢĠŋʠ�3�ƥǵ(6LPG)

4ə< ɮŚȾǢĠŋʠLŤ-ƥǵ(6J7B)07 Val62 1 Gln14016Ù4Ćƽ#
HƹǜĎĵ4E,/ N ʆȁʴ 
56-69 aa�6ȶ�4ƻĜ���,/�)(ȶ»
1 Ʒ 6D)�ǢĠŋʠ�3�ƥǵ4ə<H1 Nʆȁʴ 6ʝȶƼ7Ɣ �� 6J7B 

6 MD b����b��4��/C 1 ns 1��Ȁ�ťÙ6ȍ0 N ʆȁʴ 

56-69 aa�Ǚǲ1!/7ǢĠŋʠɪ��FÅǪ4Ĩ�,/ʝȶ#HʞŚ�ØŎ
 I)�1�F ĎĵʞŪ6Ŀ�� N ʆȁʴ 6ʝȶƼ4§úLʜ�H¶ɇƼ
�ŧĽ I)�'�0Ŧ4 EGƝņ0Ȗ�ťÙ MD b����b��Lį�
�10 Nʆȁʴ 
56-69 aa�6ƼŮLēƜ!)� 

}m�ŗʳǲ1}m�Ɂʳǲ
6J7B1 6OCF�6 100 ns MDb����b�
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�L 3¿ůį!/ Nʆȁʴ 6ĬǨ6¶ȶƼD�ȞƼL¾ǈ!)�3-6ɬĵ
ǲ6 Cα-RMSD7b����b��ťÙǙǲ0 3.5 Åʉʇ0�G
Ʒ 7A, 7B �
E: 7C� VASH1 6ǙǲȢ3ĬǨ7 Ɂʳǲ�ŗʳǲ�4ÚKF$ �Ȟ!/
�H�1LŧĽ!/�)� 

VASH16Nʆȁʴ 47 5-6ʻǭ!)ǚƹƼŕÝ
58�F 62?06VPFFV


VPFFV58-62����G ÎƼȍƭLÛA VASH1ȍƭɪɮ16ǚƹƼ_O6Ć
ƽ4Þʜ!/�H�'�0b����b��ťÙ4ɑ� N ʆȁʴ 6ʝȶƼL
ɢ#śɠ1!/ }m�ŗʳǲ6 AŁ�E: DŁ }m�Ɂʳǲ
6J7B�E:
6OCF�6 VPFFV58-62 6ʟɎǌƫɢʎǉ
SASA�LĊœ!)
Ʒ 7D 7E �
E: 7F��øʈư��14 SASAȄ� 6J7B1 6OCF6 100 ns6Ù4 350 Å2Ǘ
ġ0ɴȶ#H¡、 }m�ŗʳǲ6 SASAȄ7 100 ns6Ù�Ȟ!/ʓ 150 Å2ȡ
ȯL�Ť!/�)�ʸÅȢ4 2ɗʐ6b����b��07 VASH1 (AŁ)6 N

ʆȁ�ƏáȃÄ0 VASH16ǚƹƼ_O�F¾ʪ! b����b��Ǚǲ0Ǹ
��ɴȶ!/�)
Ʒ 7G, 7H�E:ȶ» 2�� 

VASH1 Nʆȁʴ 6 CαęŚ6ɁƠɰþɰ、Ļɴȶ
RMSF�LĊœ!)1�
J 2 ɗʐ6b����b��6 A ŁLƒ�/}m�ŗʳǲ6 RMSF Ȅ�}m
�ɁʳǲEGCK$�4Ȝ� }m�ŗʳǲ07ØŎ I3�y�[�}m�
Ɂʳǲ07ɬƺǮ｡!)
Ʒ 7I, 7J �E: 7K��'�0 y�[�Øǫ I)O
�tŔ6ǢĠŋʠLɮǈ!)�}m�Ɂʳǲ4��H��|ʴ 6 Arg64-Gly65

6y�[7}m�ŗʳǲ07@FI$ ǳƙɮŚ6ȷ"ʴ 4�H Val62 1
Gly66 6ŶŁĸÈÙ4Ćƽ I)ƹǜĎĵ4E,/（ƻ I)¶ɇƼ�Į�F
IH�
Ʒ 3A��ȷʞ4}m�Ɂʳǲ4��/@FI) Glu711 Arg766 2-6
y�[7 }m�ŗʳǲ07 VASH16 Arg761ʶǌ#H SVBP6 Glu286Ù6
ƹǜĎĵ4E,/（ƻ I)¶ɇƼ�Į�FIH
Ʒ 1D�� F4 }m�ŗʳ
ǲ07 b����b��ȍ4 2 -6ɁʳǲÙ0ĬǨȢ5"I�ǀ"HʞŚ�
ØŎ I)
ȶ» 3��2-6Ɂʳǲ7Ŷ4 Nʆȁʴ L¼!/Ďĵ!/�H)
B Nʆȁʴ 3F:4 SVBPŽɶLŬ1!)¿Ȩ¦ȶ�æ�H¶ɇƼ��H�
100 ns MDb����b��6Ď¸7 }m�ŗʳǲ1}m�Ɂʳǲ6Ù0 Nʆ
ȁʴ 6¶ȶƼ4Ŀ���H�1LŧĽ!)� 
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ǹ 4ƚ� ĮŎ 
ʃĕí4EGƮ)4ŗʳǲ6Ćƽ!)}m� VASH1/SVBPɬĵǲ6ĎƗĬǨ
�ÉɃ I)�ĎƗĬǨ6Ɲņ3ØŎ4EG VASH1/SVBP }m�ŗʳǲ6Î
Ƽȍƭ6ĬǨȢȻȒD VASH 1  SVBP Ù6ĎĵʞŪ7 à4ɹĶ I) 

VASH1/SVBP Ɂʳǲ1ɜƣ4Ĵ�ĬǨʷţƼLŧ!/�)�¡、 VASH1 6 N

ʆȁʴ 
56-69ɗʐ6O�tŔ�4Ú!/6@ ǰ6ĎƗĬǨ1ĎĵʞŪ��
3,/�)(Ʒ 5 �E:Ʒ 6)�}m�ŗʳǲ07 N ʆȁʴ � VASH1/SVBP }
m�ɁʳǲÙ0ǢĠĤÓ I ʶǌ#H VASH1/SVBP1ǢĠŋʠLĆƽ!/�
)�MD b����b��4EH VASH1/SVBP }m�ŗʳǲĬǨ6ɺÀ73�
(Ʒ 7A, 7B�E: 7C) VASH1/SVBP }m�ŗʳǲ6Ts�Z��ȞƼ�}m�
Ɂʳǲ4ə</Ĵ��1�F
ɢ 5� ǀǲȾ0CŗʳǲLŷG�H¶ɇƼ�Ɓ
ɮ4Į�FIH�ǰ6 VASH/SVBP Ɂʳǲ6ȍ4C N ʆȁʴ 6ĎĵʞŪ��
3HĬǨ(6J7B�6OCF)��G }m�ŗʳǲ6ĬǨ�ʍF�43,)�10 
Ĺ?0Ɓɮ4Ȕ<FI/�3�,) N ʆȁʴ 4Ú!/êʿ�0�HE�43
,)� 

Nʆȁʴ 
56-69 aa�6ʒÍ1ĬǨȢ¶ȶƼ�Ť-ƃʡƼ7³��Nʆȁʴ
 63� VASH1/SVBP ĎƗĬǨ�ɬƺǮ｡#H�1�F
Liao et al.,2019� 
VASH17 SVBP4 Nʆȁʴ ɜ�ǮȢ4Ďĵ¶ɇ0 ɁʳǲĆƽ47Úʜ!3
�1Į�FIH�VASH1 7ǀǲȾ0ʄʕġ6|�flb�\LŻ� �c��
4Ǯ｡!/�H|�flb�\u�O�o� VASH1
29-365 aa�1 VASH1
77-

365 aa�6 2Ź�H�1�ȅFI/�H�'6�+ Nʆȁʴ 
56-69 aa�LČ
ǯ!/�Hu�O�o7ďÕƮǀL（ƻ#Hâɇ7ɷŤ I/�H�ņ，Å;
ɮɚ I3�3H
Sonoda et al., 2006�� 

ʃĕí�F N ʆȁʴ 6¶ȶƼ1}m�ŗʳǲ6�ȞƼ3F:4 VASH1 6
Arg761 SVBP6 Glu28Ù6ǢĠŋʠ6Ǯ｡�ʍF�13,)��6Ď¸�F 
N ʆȁʴ 6¶ȶƼ�ŗʳǲĆƽ4Þʜ!/�H�1�ŧĽ IH�ŗʳǲ6
Ćƽ4E,/ VASH1 |�mO�gÎƼLɩ4ƻĢ!/�H¶ɇƼ�Į�FI
H�N ʆȁʴ 4æ£#HŨğ（ƻ/|�fb�\4EHĲǜÎƼ6ƻĢ7�r
�326|�mO�g0CØǫ I/�/ N ʆȁʴ 6|�f\��o�|
�mO�gp�Q�1Ďĵ!/bb�oLĆƽ! ÎƼɪ�L{�l[#H�1
0æ�H
Morales et al., 2012��?) i�v[Ů6ȷɮŚÙ0ʆȁ6p�Q�
�ĤÓ I/ɮŚĆǵ1âɇ�ɴ±#Hp�Q�d�ly�\1��Ěƞ�ȅ
FI/�H(Liu and Elsenberg 2002; Arbing et al., 2010; Ghosh et al., 2019)�ůŇ4 
ǐįʿɯ4EGʍF�43,) VASH/SVBP ɁʳǲLƝņ4ØŎ#H1 N ʆ
ȁʴ 6¶ȶƼLŧĽ#HĎ¸�Ǳƺ@FIH�VASH1/SVBP-epoY ĬǨ07 
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Nʆȁʴ 6 Phe60� epoYǞÆň6Āʀ4�Ȉ!/�H�
Liao et al., 2019� 
ǞÆňLÛ?3�ĬǨ07 Phe606ǪŁ�¿Ȩ!/Ĩ���3,/�)
Li et 

al., 2019��ȷʞ4 VASH2/SVBP-epoYĎƗĬǨ07 Phe604ǳ#H Phe49C
epoYǞÆň6Āʀ4�Ȉ!/�)
Wang et al., 2019���IF7 Nʆȁʴ 6
ĬǨɴ±�ÝŮ16Ďĵ4ƃʡ0�H¶ɇƼLŧĽ!/�H�?) a-k��{
��ʆȁ16ɬĵǲĆƽ47 Nʆȁʴ Čǯą6 VASH1
70-306 aa��Ŗʠ 
I
Liao et al., 2019� VASH2-SVBP 1èţ a-k��{��ʆȁ16ɬĵǲ07 
Phe49 6ǪŁ�ʋȊƑ0�n�± I/�3�,)��6�17 N ʆȁʴ 6
ÎƼȍƭĀʀ;6Ďĵ4E,/ÝŮĎĵL（ƻ#H¶ɇƼLŧĽ!/�H� 
F4 N ʆȁʴ 6¶ȶƼ7 }m�ŗʳǲĆƽť4ʶǌ#H SVBP �ǌƫ#
H�10ɪɮȢ4（ƻ I/�)
Ʒ 6 �E:Ʒ 7��!)�,/ }m�ŗʳ
ǲĆƽť47 }m�ɁʳǲĆƽť1ə</ Nʆȁʴ 6¶ȶƼ�Ȝ°#H�
10ÝŮĎĵɇ�（ƻ IH¶ɇƼ�Į�FIH� 

}m�ŗʳǲ7ĬǨȢ4Arg766|�flb�\ǋȂL；�¶ɇƼ��H
Ʒ
5E��MDb����b��07 }m�ŗʳǲĆƽť6ǢĠŋʠʴ LŬ1!
)¿Ȩ¦ȶLæ�!/�)
ȶ» 3��¿Ȩ¦ȶ4E,/ Nʆȁʴ �ǋȂ I
H�10 VASH1/SVBPɬĵǲ7ÑǙ4âɇ#H}m�Ɂʳǲ;1�į#H3F
8 ;m�ŗʳǲ7Ũğ（ƻ/|�fb�\ƻĢ4��/ýB/ƃʡ0�H�Ā
Ʌ ǰĕí\��|�F[�QVȮŚėɞùLʠ�) VASH1/SVBPɁʳǲ6ɞ
ƔÕ16Ďĵƥǵ6ŏŦĘĬǨ�ɹĶ I)(Li et al., 2020)�VASH1/SVBPɁʳ
ǲ1ɞƔÕ6Ďĵƥǵ07 ŗʳǲĆƽť6ɁʳǲÂʎ�Ďĵ4ʗ�4Þʜ!
/�)� ŗʳǲ07āÙȢ4ɞƔÕ1ƛȽ!/!?� Ďĵ�ĺɀ0�H�1
�ŧĽ I)
ȶ» 4��!)�,/ N ʆȁʴ 6¶ȶƼ1ŗʳǲ6Ćƽ4E
G VASH1 �ɦÎƼ3ĬǨ4ĞȞ I ÝŮ6ĎĵDƫɎŋʠ?)7ǷŲ¿Ȩ
�：�FIH¶ɇƼ�Į�FIH� 

?) VASH1/SVBP 47b\q�ɋ×�Ǯ｡%$ Ɣ，ǲ4Cü｡!3��
1�F ņ，Å;6ɮɚĉʼ7¡ɔȢ3Ɣ，ǲL¼!)ʅーǤ4�Ǯ!3��
1�ȅFI/�H(Kadonosono et al., 2017; Suzuki et al., 2010) � F4ǐƆ6ț
G Arg76 06|�flb�\4E,/ VASH1/SVBP 6ņ，Åɮɚ�ɴ±#H

Sonoda et al., 2006��}m�ŗʳǲ6ĆƽŨǲ�ņ，Åɮɚ4Úʜ!/�H¶
ɇƼ11C4 Arg766|�flb�\L：�H�10 ĲǜÎƼ6ɩ6ƻĢ6
@3F$ ņ，Å;6ɮɚLCƻĢ!/�H¶ɇƼ�Į�FIH� 

VASH1/SVBP�E: VASH2/SVBPɬĵǲ6ĕí7�ÌȢ3ɮʑ4��/ǐį
!/�)� a-k��{��6ǽk�b�±Ĳǜ1!/ȷȞ I)ġ
Aillaud et 

al., 2017; Nieuwenhuis et al., 2017� ĬǨë:ǀ±ÌȢ3ĕí�ǁM43,)�NC

ʰʆȁLŌ,) VASH1
52-310�/SVBP ɬĵǲ6ǀ±ÌȢɮǈ4EG a-k�



 18 

�{��ʆȁ6O�tŔŕÝ4ǳ#H KmȄ� 7.9 µM kcat� 44.5 min-1 0�
H�1�ʍF�43,)
Li et al., 2019��?) VASH1
52-310�/SVBP ɬĵ
ǲ1ɞƔÕ16Ďĵƥǵ�E:ɞƔÕ4ǳ#HĲǜÎƼ�ʍF�13,)
Li et 

al., 2020��!�! �ǘ1!/ǙȖ VASH1/SVBPɬĵǲ1ȀƄą VASH1/SVBP

ɬĵǲ6Ɲņ3ĲǜÎƼ6Ŀ�7ɹĶ I/�3�� F4 N ʆȁʴ 
56-

69 aa�6ʗʋ�ë>#ĲǜÎƼ;6§ú 9�/7}m�Ɂʳǲ1}m�ŗʳ
ǲ6ÎƼɇəË7Ȕ<FI/�3�� 

ǙȖ vasohibin 6ȤǘɴƼʴ 0�HNCʰʆȁ6âɇ4Ú#HêʿC?)ɦ
Ɓɮ0�H�VASH11 VASH26a{iQ|Ù6ɋ×ǢȷƼ�Ĵ�
Ʒ 8� NC

ʰʆȁLƒ�)ʫǲĬǨ7ķţ!/�H�!�! ďÕƮǀ4��Ha{iQ|
Ù6âɇ7Ǣɓ!/�G '6âɇĿ�³4æ£#H6�Ȟ�073��VASH1 

1 VASH2 6ɋ×LəË#H1
Ʒ 8� Nʆȁʴ 
56-69 aa�EGC F4Ǘ
6ĬǨ�Ė�/�3�ʴ 
2-55 aa�6ɋ×ǢȷƼ7Ȝ� a{iQ|Ù6âɇ
6��LȻȒɧ�/�H¶ɇƼ��H�µ�/ʃĕí0Ȍʐ!)Nʆȁʴ 
56-

69 aa�6ȗǗ6ɋ×47üƐȢ4ŔƼO�tŔŕÝ�ɷǮ I/�/ Ȼ4
VASH1 6 14 ŕÝȡȯ6ɋ×7ÝŮ0�Ha-k��{��6 C ʆȁɋ×4ķţ
!/�H
Ʒ 8��Nʆȁʴ 
56-69 aa�7ĬǨȢ¶ȶƼ4µ� Ďĵ!/�H
ǚƹƼʴ 6�Ȉ�ÎƼȍƭ6Āʀ4�G N ʆǪ4ƬȖ#H1ŔƼO�tŔ
4ɨAɋ×LŤ,/�H��6Ţů7¬ÝƼ4ɨAÎƼȍƭ16ǢĠŋʠLŧ
Ľ! ʃĕí0Ƞ�!)ĲǜÎƼ6ɩ6ƻĢâĬLŜŤ!/�H� 

?)òȷĕíű�ʃĕí0Ȍʐ!) N ʆȁʴ 4Û?IH 10 ĝ6O�tŔ
ŕÝ(56-67 aa)Čǯť6ņ，Ⱦ0ºơɐĚ % VASH16ïȶ1ĲǜÎƼL¾ǈ
!)�'6Ď¸ ǙȖ VASH1ɐĚť1əË!/ VASH1(D56-67)ɐĚť07 ü
｡326ɴ±7=1M23�C66 ȞƼȢ07�H�ĲǜÎƼ6ŴÒ6ĨƟ
�ØŎ I)
ʉĦÃn�i6)BɜŐƘ��ʃĕí�FȺFI)ȅĖ4EG 
ɍʣņ，DȶɭLʠ�)ďÕƮǀDX�6ĕí4Ʈ!�、ĨƼ�@�/�)� 

ʃĭ4��/ VASH1 6 N ʆȁʴ 6¶ȶƼ4EH}m�ŗʳǲ6Ćƽ� 
ĲǜÎƼ6ŨğǞÆ4EHɩ6ƻĢ3F:4ņ，Åɮɚĉʼ6ƻĢ4��/ƃ
ʡ3âĬ0�H1ȠƓ!)�vasohibin 7ņ，Ⱦ06ɞƔÕ6âɇLȔǏ1Ʋĉ
ņ，6ɮ±DďÕƮǀť6ȔǏ1�,)ņ，1ǝƩ6�3HĚƞ4Úʜ! Ȼ
4ɐǀȃÄ4��/ ǀʌÎȶ6Ýɘ.�G4Þʜ!/�H�}m�ŗʳǲĆƽ
4EHÎƼ1ɮɚ6ƻĢâĬ6ɐĖ7 ��ʪI/�)ņ，1ǝƩ4��HĚ
ƞLĎ:-� Ĺġ6ǀɭÌȢ�E:�ÌȢ3ĕí6ɐȥ4ıĔ#H*J�1
Į�/�H��6ƻĢâĬ�ůƜ II8 ņ，Ⱦ06ǀɭÌȢ3ŋʠâƑ6@
3F$ ďÕ6ƮǀD�M6ƯƊȨ�1�,)�ÌȢ3ʴ 4��HEGůǕ
Ȣ3ĕíCƳȥ#H*J��Ě｡7 }m�ŗʳǲ6ĬǨčȞ4ǭ� ŋǃ!)
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ÝŮ�|kpLʠ�/ Nʆȁʴ 
56-69 aa�6ɴ�ǲLÛAĲǜÎƼ6ɣ´�
E:ʟªȍ06}m�ŗʳǲĆƽL�Ť#HƤđ6ēȳLį3,/�H(ɢ 1)�
Ĺġ Nʆȁʴ 6¶ȶƼDâɇ;6§úLƝņ4¾ǈ#H�10 }m�ŗʳ
ǲĆƽ4EHƻĢâĬ6¾ʍ4Ā.�1áǴ!/�H� 
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ǹ 5ƚ� Ʒ1ɢ 
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� 1. VASH1/SVBP ½m�µf1I47D.7�s��µf5I;.{�TÊ
�ºS 
(A)  VASH1 �®wj��§�¿�ÏLÇ��dU 

DISOPRED � PredictProtein *Ë��+C:t²Ð	&<7 VASH1 �j
�Ç�*k�� �)�/D>�¹x�)�  DISOPRED �dU��� 

PredictProtein �dU*¹��Äy�*x�� DISOPRED �Pz�+C:
t·l��z�§�¿��ªm�*¹���( ����
���!�®w
j�*}'����Ç��)( "��,GI3����gsË�_'%
��+C:tÏL*¹���(  PredictProtein $¬É�PÀi�+C:t
²Ð·l
¹^�)��( Äy��¼�=I�B�.
�gsË*_�
�(+C:tÏL*x���( ��R�Pz�����Á
Ç��)�®
wj�*¹��)�)a@E6.4�b2�7j�*¹���( �&�R�
Pz
Ê´Ò�ÏL�pR¼�z
§�¿�ÏL�Ç�*¹���(  

(B)  SVBP �®wj��§�¿�ÏLÇ��dU 
� DISOPRED � PredictProtein *Ë��+C:t²Ð	&<7 SVBP �j�
Ç�*k�� �r�(A)�¬É��(  

(C)  MBP-VASH1/SVBP �µfÏL�Äy��µfÎ�¸Z 
� VASH1/SVBP ��£* Full�N Â��	& 55 ·Å�+C:tu]"�*
c����ÏL*DN�311·Å�+C:tu]	& CÂ��+C:t"�*
c����ÏL*DC�NC ÍÂ�*c����ÏL* Core ��� o��
SDS-PAGE 0FN«|���YµfÏL��£ SVBP* pMalc2x vectorX¿
A.5���#n#5I;.{�µfÎ*¥�¦�¸Z�� ����Y
µf1I47D.7�K�(1H9�*����ÃsJ�� �µf���
(Full : 1,2, Core : 3,4, DN : 5,6, DC : 7,8)  

(D)  MBP-VASH1/SVBP `µf1I47D.7�Äy� 
� pMalc2x vector *]�X¿��A.5��  VASH1(56-310 aa) ��£
SVBP(2-66 aa) *�#n#�µf1I47D.7(CSB_P_255)*s��� �
�5/���MBP� 6��Ñ��� Histidine (MBP-his6)* NÂ���»È
�� ��5/� VASH1�SVBP�²Ð\� TEV protease ��²Ð(tev)*�
¯��  

(E)  MBP-VASH1/SVBP �µf�TÊ��ºS 
10 ml� LBO�³ ¡�µf?D4C8 CSB_P_255*b{¨[�� One 

shot BL21 Star (DE3) pLysS (Invitrogen) *µfÆh�37ª�M¶³Ì�� 
³Ìh�aO* 500 µlW~��¢Q°±q*���TÊ�e��� M
¾
vÎB�-��U
µfÆ��I
µfÆh�P
¤©V¾�S
TÊ�
V¾*x���(  
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X 2. VASH1/SVBP �iE�Z[ 
(A) - (C) Histidine-tag �pn��.�*(��Z[ 
� 9m8�iE&5,#Q����� Histidine &$�n��.�*(
��Z[���=S�  
(A) Histidine &$����.�*(��Z[�#4/)$1.�O� 7
P	mVu�UP	 280 nm ��BHf�\_�>mVu��
�BHf�
O� ]_�O�mV;l�LR��SDS-PAGE �&5,#Q�DV�  

(B) (A)�#4/)$1.�mVu 250 ml `F�-�#�?c��O�  
(C) (A)�(B)�]_�O�mV;l�A���&5,#Q� SDS-PAGE �
DV� M�3�5	lNu/�"��P.C 	KTMk���VASH1�
1-12 	>mV;l�b6���� ���SVBP � SDS-PAGE �`Wq
��� VASH1��jIaCY	<�����  
 

(D) - (F) o !5G@"10���Z[ 
�.�*(��Z[Mk�Z[&$�^e�F�o !5G@"10�
n�� VASH1/SVBP �=S�  
(D) o !5G@n SP Sepharose HP"10(GE Healthcare)�n�Z[�#
4/)$1.�O� 7P	mVu�UP	 280 nm ��BHf�\_
�>mVu��
�BHf�v_�mVn+'.��BufferA1000 (10 mM 
Tris-HCl (pH 8.0), 1 M NaCl)�Jhs�O� ]_�O�mV;l�
LR��SDS-PAGE �&5,#Q�DV�  

(E) (D)�#4/)$1.�mVu 100 ml � 130 ml `F�-�#�?c�
�O�  

(F) (D)�(E)�]_�O�mV;l�A���&5,#Q� SDS-PAGE �
DV� M�3�5��lNu/�"��P.C 	KTMk���VASH1
�t� w�g��3�5�� Histidine&$����.�*(��Z
[Mk� TEV protease Wq��Z[&$^eMk�t� 1-8 	>
mV;l�b6���� ���SVBP � SDS-PAGE �`Wq���
VASH1��jIaCY	<�����  
 

(G) – (I) %2x:"10���Z[ 
KF�%2x:"10�n�� VASH1/SVBP jIa�dr�  

(G) %2x:"10�n�Z[�#4/)$1.�O�  
(H) (D)�#4/)$1.�mVu 75 ml`F�-�#�?c��O�  
(I) M�3�5	lNu/�"��P.C 	KTMk��� VASH1�1-7 	>m
V;l�b6����  
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� 3. e�O�k��4@7/z��zP 
(A) ̈ ¤jt·(DLS)�'*¯ul��^G�(¯t§)�P 
� ���� VASH1/SVBP ®o���z,P�*�%��DLS�')µI
¡�Qo��,R��� K©§ 0 mM �( 500 mM $� 100 mM³ �Y
{c½,s���DLSR�,m�� 0=9 My���´�)��¸u�
¢b�1.3��~y�µI����%*S¸ub��t·[§,x�� 1
.3���#�t·[§����*��p�J�D��8�/�SµI
¡��¹¬ 99�B�,�%���  

(B) VASH1/SVBP ®o�4@7/zµI�4@7/z©§�
'!K©§��Y
{c½�¯u¢b�W` 
� 4@7/z©§�K©§�'*¸ub
'!Qo��"�H\,¬U�
� ��r�K©§Y{c½�	� 100, 200, 300, 400 mM� VASH1/SVBPµ
I�+�+����4@7/z©§�E�* 5��Y{c½�0.65, 1.25, 2.5, 
5, 10 mg/ml�d 20}¼��f,R��� 0=9�My 4@7/z©§�
~y ¸ub,x�� ��»�v���X�4@7/z©§�
�*K©
§ 100, 200, 300, 400 mM�fN��¸ub,x�� ¦� q&°^¤�¸
ub��£�+�K©§ 200 mM �fN��4@7/z©§�C���_
w]�,x���*  

(C) 5>:2@i£¯R(TLP)�'*6<.@l��A£��P 
� 5>:2@¯Rn�,¶�� VASH1/SVBP ®o��g¾�l�,|(�
�ºF�¥�±�ºF�,� ��VASH1/SVBP ®o��A£��q��6
<.@l�,h��� 5>:2@©§�Y{c½, 0, 1, 10, 100 µM,s�
��4@7/z©§ 2 mg/ml � VASH1/SVBP ®o�µI����i£¯R
«L,m���  

(D) 1.3ª�/?;50=9-���T§jt·²(SEC-MALS)�'*µI¡
���¹�a��R� 
� VASH1/SVBP ®o��µI¡���¹�a���, SEC-MALS �'��
R��� �V���� 280 nm ��Zj§������S8�/��¯u
¹,x��  
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= 4. VASH1/SVBP M0D�*8� XB#AC 
(A) VASH1/SVBP M0D�*8 
� VASH1/SVBPM0D� 0.16 M Q5������, 0.08 M <5����� 
pH 4.6, 20% (w/v) PEG4000, 20% (v/v) �������O :,!� 20��>
�+(@F�	.�'4��	R%G;�*8�6�	 /&-K)�P�

 120 J$E�
'4�	  

(B) VASH1/SVBP M0D�*8� XB#AC 
� 3?�	 VASH1/SVBP M0D�*8 XB�97�2EN"I 2.3 Å �
#AC�H	 1!#AC��L�$E=�6�	  
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g 5. VASH1/SVBP �Pr�J`Mo 
(A) VASH1/SVBP 2.8~�r(6LPG) 
� VASH1 &��SVBP &���\�� VASH1/SVBP ��:�# 4 ���
V()9�Fr5/7�\���SO42-A�D� VASH1 � 9�� a26-*
, � N�vp�"_��O&���(a1�9) VASH1� N�v�" a1 �
Y�#�]m���'40V� N�v�<(56-69 aa)�@|�#  

(B) VASH1/SVBP 2.8~�r�^�P%�(6LPG, 6J7B) 
� }"$� VASH1/SVBP �Pr�J`Mo(6LPG)�qKG+7�1�"�
Q�$�J`Mo(� 3Ua)�
�S! N�vp�'40VWD�yBT
�$�	�Mo(6J7B�?d)&^�P%�� �rMo�u���^���
	#��N�vp�7�1�<� �Li�;���	�  

(C) VASH1/SVBP �Ai�H��:��	#�V()9 
� �V()9�=�(SO42-A)�AixfH��:w��3 ��'40VWD
(Tyr134, Ser221, and Arg222)�le��	� �V()9��5/7�h�Z
�kF�\��  

(D) VASH1/SVBP 2.8X�r 
� }"$�J`Mo�"��l�#~>zsb�ZC�Ij�$�
VASH1/SVBP 2.8X�r&639g�\�� VASH1& AR� DR��
�[N��SVBP & BR� ER�����{���E��  

(E) VASH1/SVBP 2.8X�r��D�&]m� 90�>z���ct� 
� sb�ZC�lH��	# VASH1 � Arg76�A R��pR � SVBP �
Glu28�ER��pRC�Ij�$�hnJP&�5/7��E��  
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R 6. VASH1/SVBP '#-GqZ� Nm]r/?Y(56-69)�h6 
� N m]r/�?Y�h6��jHc���jH7X>Dp�dK<i9�L
��  Nm]r/�X>Dp��)%E�C�VASH1: A � D�SVBP: B � 
E��F8gA�P	��1�L�� 1�_V�Q������`3X>Dp
��,.!��SW;B�s��p- �(X>Dp�I��p-p TJ:X>Dp�I
@���+�+/ p-�+�+X>Dp�b���X>Dp�L��   =H��)
%EF8�T�0�\
���oetOnU�^a�[2����  
 
(A) Nm]r/"�.?Y(65-69)�h6 

VASH1� Nm]r/�Arg64-Pro68��5\R�l*$+�L�� '#
-GqZ�AC��s� 6J7B�4Q� 6OCF�f4Q�L��  

(B) Nm]r/+�&?Y(56-64)�h6 
� VASH1� Nm]r/�Gly57-Arg64��5\R�l*$+�L�� '#
-GqZ�DC��I@Q� 6J7B�4Q� 6OCF�f4Q�L� 

(C) VASH1/SVBP '#-GqZ(6LPG) � Nm]r/?Y(56-69)�X>Dp 
 VASH1�DC��I@Q�?YM�L��  X>Dp�����)%E�
NkC A� D� VASH1�E� SVBP�L����  

(D) VASH1/SVBP '#-dqZ(6J7B) � Nm]r/?Y(57-69)�X>Dp 
� VASH1�6J7B��4Q�?YM�L��  X>Dp�����)%E�N
kC B� SVBP�L����  

(E) VASH1/SVBP '#-dqZ(6OCF) � Nm]r/?Y(58-69)�X>Dp 
� VASH1�6OCF��f4Q�?YM�L��  X>Dp�����)%E
�NkC B� SVBP�L����  
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W 7. VASH1/SVBP+'3Kt`�]CLlLev<(MD)&,.2�&/4 
  VASH1/SVBP kG �̀+'3Kt`(6LPG)�+'3gt`(6J7B, 6OCF)� 3�
�BUD^�#>�A3:�fs��100 ns �MD&,.2�&/4#F�� 
;&,.2�&/4N�]`D^�@e� Val58-Val62 �rhxTjo[�m
8�Gly56-His80 ���$,)IJ>�qeY#9Z���1:p: 7A, 7D, 7I�
2:p: 7B, 7E, 7J�3:p: 7C, 7F, 7K� ���2:p�MD&,.2�&/4�

���+'3Kt`� Nncu5��b�qe���!��7G, 7H�  
� ;%0*��+'3Kt`� A H#wV�D H#yV�+'3gt`�� 
6J7B#MV�+'3gt`�� 6OCF#XV�O��  
 
(A)-(C) ;-(1D^� RMSDd�1:p�� 3:p�MD&,.2�&/4� 

  7P�&,.2�&/4N=�RP�QH Ca� RMSD d#���;D^
�a6� V�\�N=m8�i	 RMSDd#O�� 1:p�� 3:p�
; 100 ns �MD&,.2�&/4�fs��F���  

(D)-(F) ;-(1D^� VPFFV58-62 �rhxTjo[�SASA��1:p�� 3
:p�MD&,.2�&/4� 
� 7P�&,.2�&/4N=�RP� VPFFV58-62 �rhxTjo[
�SASA�#���;D^�a6� V�\�N=m8�i	 SASA d#O
�� 1:p�� 3:p�; 100 ns �MD&,.2�&/4�fs��F�
��  

(G)-(H) VASH1/SVBP +'3Kt`� N ncu5(A H)�qeY�2 :p� M
D&,.2�&/4N� 
� 2:p� 100 ns MD&,.2�&/4N�+'3Kt`#S�G"���
Nncu5�D^m8#O�� +'3Kt`� AH�wV�DH�MEV
�j?��  
(G) DH�MEV�� AH�wV�� Nncu5#O��  
(H) AH�wV�� DH�MEV�� Nncu5#O��  

(I)-(K) ;-(1D^� Nnc_�$,)I(56-80 aa)� Ca CL� RMSFd�1
:p�� 3:p�MD&,.2�&/4� 

  7P�&,.2�&/4N=�RP�QH Ca� RMSF d#���;D^
�a6� V�\�N=m8�i	 RMSFd#O�� 1:p�� 3:p�
; 100 ns �MD&,.2�&/4�fs��F���  
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° 8. VASH1 � VASH2 "1B>�ÛĄ1F2JCJ= 
  CLASTALW /ø	�@= VASH1 � VASH2 "ÛĄ1F2JCJ=/�	�
BOXSHADE /ø	�ÛĄÂ×³ U��?2F2=/W�� a³Î"1
B>�/º�a³Îqç LÍ�-ü�23J(SO4

2-A)/ā�NêËÿP"Q
á(Gly56-Gly66)/¸"fR���� N êËÿP"ąÄ��¿±³1B>��
g VPFFV (VASH2�# VLFHV ��-)/ºĉ�M�� aAG:47#��
«"ï�°(ù¼)�b6�=#±«"ï�°(óR)����  
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à 1. VASH1/SVBP �g�"Ýy5J7=F4= 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plasmid No. Plasmid Name Expression Soluble Tag cleavage
CSB_P_0248 pMalht5HsVash1core + - N.D
CSB_P_0249 pMalt5hHsVash1core + - N.D
CSB_P_0250 pMalht5HsSVBP - N.D N.D
CSB_P_0251 pMalt5hHsSVBP - N.D N.D
CSB_P_0254 pMalht5HsVASH1core-HsSVBP ++ + +
CSB_P_0255 pMalht5HsVASH1core(tev2)HsSVBP ++ + +
CSB_P_0256 pMalht5HsVASH1core(tev4)HsSVBP ++ + +
CSB_P_0257 pMalht5HsVash1 - N.D N.D
CSB_P_0267 pRSFHSHsVASH1core(tev4)HsSVBP + N.D N.D
CSB_P_0268 pMalht5HsVASH1coreC169A-HsSVBP + N.D N.D
CSB_P_0270 pMalht5HsVASH1coreC169A(tev2)HsSVBP + + +
CSB_P_0271 pMalht5HsVASH1coreC169A(tev4)HsSVBP + + +
CSB_P_0368 pGEX6P1TUBAwt ++ + +
CSB_P_0369 pGEX6P1TUBAmt ++ + +
CSB_P_0392 pMalhtTUBAwt +++ + +
CSB_P_0393 pMalhtTUBAmt +++ + +
CSB_P_0488 pMalhtTUBAΔY +++ + +
CSB_P_0489 pGEX6P1TUBAΔY ++ + +
CSB_P_0499 pMalhtHsVash1coreG57C(tev4)HsSVBP + + +
CSB_P_0500 pMalht5HsVash1core(del56-64)(tev4)HsSVBP + + +
CSB_P_0507 pMalht5HsVash1coreG138C(tev4)HsSVBP + + +
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à 2. X½\»<�9�¶ìV 

 

VASH1/SVBP (PDB ID = 6LPG)
Wavelength 1
Resolution range 47.06  - 2.3 (2.382  - 2.3)
Space group P 61 2 2
Unit cell 71.854 71.854 215.811 90 90 120
Total reflections 30976 (2984)
Unique reflections 15488 (1492)
Multiplicity 2.0 (2.0)
Completeness (%) 99.89 (100.00)
Mean I/sigma(I) 24.05 (2.59)
Wilson B-factor 48.41
R-merge 0.01637 (0.2435)
R-meas 0.02315 (0.3443)
R-pim 0.01637 (0.2435)
CC1/2 1 (0.86)
CC* 1 (0.962)
Reflections used in refinement 15474 (1492)
Reflections used for R-free 1548 (149)
R-work 0.1902 (0.2345)
R-free 0.2351 (0.2969)
CC(work) 0.956 (0.872)
CC(free) 0.875 (0.741)
Number of non-hydrogen atoms 2358
  macromolecules 2262
  ligands 20
  solvent 76
Protein residues 277
RMS(bonds) 0.007
RMS(angles) 0.85
Ramachandran favored (%) 96.7
Ramachandran allowed (%) 3.3
Ramachandran outliers (%) 0
Rotamer outliers (%) 2.88
Clashscore 5.7
Average B-factor 60.8
  macromolecules 60.56
  ligands 96.62
  solvent 58.55
Number of TLS groups 10
Statistics for the highest-resolution shell are shown in parentheses.
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à 3. hå� VASH1/SVBP r¨�Ã 

 
 
 
à 4. NêËÿP(59-71)"��Úî^"[¹ 

 
 
 
à 5. PDBePISA /ø	� NêËÿP�Ã(56-67)"[¹ 

 
 

Authors PDB ID Entry name VASH expression region (aa) Electron density visible region (aa) SVBP expression region (aa) annotation
6OCF SeMet VASH1– SVBP 58-305
6OCG VASH1–SVBP– epoY 59-305 BL21(DE3)
6OCH VASH1–SVBP– parthenolide 61-302

Sf9 insect cell
SAD

6J4O SeMet V2c–SVBP 46-296 49-294
6J4P V2c–SVBP– epoY 46-296 48-293
6J4Q V2c–SVBP– TPCK 46-296 49-295
6J4V V2c–SVBP– mαTail 46-296 49-294
6J4S V2–SVBP 1-355 49-298
6J4U V1c–SVBP 57-306 61-307
6QBY V2c–SVBP 46-296 48-292
6JZC V2-SVBP 49-299 Sf9 insect cell
6JZD V2-SVBP(C158A) 49-299 I3C  SAD
6JZE V2c-SVBP 48-301
6J91 SeMet V1c–SVBP 70-306 70-303 BL21(DE3)
6J9H V1c–SVBP 70-306 69-303 Apo
6J8N V1c–SVBP (C169A) 70-306 69-303
6J8F V1c–SVBP - GEEGECY 70-306 70-303
6J7B V1c–SVBP - epoY 57-306 57-305 1-52

Liu et al., 2019 6K81 V1c-SVBP 44-315 60-304 1-66(25-53) Rosetta, SAD
6WSL V1c-SVBP-GTP,*G2P 52-310 58-305 1-66 BL21(DE3)

EMD-21893 V1c-SVBP-MT 52-310 - 1-66 BL21(DE3)
*Phosphomethylphosphonic acidguanylate ester

Liao et al., 2019

1-66

3-49

Li et al.,  2020

Wang et al.,  2019 1-66 BL21(DE3)-RIL

Zhou et al.,  2019 1-355 1-66

Li et al.,  2019 52-310 1-66

Adamopoulos et al.,  2019 6NVQ VASH1–SVBP(C169A) 1-315 61-304 1-66

No. name type f  ( °) y  ( °) f  ( °) y  ( °) f  ( °) y  ( °)
59 PRO trans-Pro -67.64 131.47 -73.86 151.81 -63.45 148.77
60 PHE General -152.24 55.26 -145.14 161.15 -59.22 -35.06
61 PHE General -81.68 87.02 -92.34 152.62 -105.38 65.67
62 VAL Ile/Val -63.70 -19.60 -125.30 132.36 -69.27 -60.18
63 ASN General -87.43 -0.80 -74.72 113.22 -41.42 85.62
64 ARG General -91.08 127.14 -107.00 8.33 -54.75 174.09
65 GLY Gly -80.74 -166.86 -120.12 23.28 79.26 -146.24
66 GLY Gly 94.78 159.68 75.01 -171.14 -129.36 -142.16
67 LEU pre-Pro -57.58 152.78 -116.39 144.07 -69.55 153.65
68 PRO cis-Pro -76.18 152.65 -63.54 153.50 -83.35 153.61
69 VAL Ile/Val -99.93 161.22 -61.19 130.19 -86.70 167.07
70 ASP General -68.75 165.91 -66.13 157.87 -74.83 167.19
71 GLU General -72.44 -26.88 -55.91 -43.05 -63.08 -44.52

Tetramer 6OCF6J7BResidue

Structure N-terminal region Interface area (�2) ΔGa (kcal/mol)
Tetramer 56-67 551.5 -7.5

6J7B 57-67 659.9 -5.5

6OCF 58-67 540.0 -7.0
a Solvation free energy gain upon formation of the interface
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ÖY 1. 1 ns MD6BDH�6EJ *- VASH1/SVBP A;IÚþÇ" NêË
ÿP"÷Ö³"Þ_ 
 

 
ÖY 2. VASH1/SVBP A;I�þÇ" NêËÿP"÷Ö³�2\ñ"MD6BD
H�6EJ�� 
 

6J7B 6LPG 
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ÖY 3. VASH1/SVBP A;I�þÇ"\ÏTÖ 
 

ÖY 4. ß§dr��"VASH1/SVBP A;IÚþÇ%"VASH1/SVBPA;I�
þÇ"¡!�.� 
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