
��UI�&VSPQFBO�$SZTUBMMPHSBQIJD�.FFUJOH
���SE���UI�"VHVTU�����
�3PWJOK
�$SPBUJB

Acta Cryst.�	����
��" 
�T����``````````````````�``````````````````�``````````````````�``````````````````�```````````�

MS45-O3�4&26&/$&�4-*%&3��B�NVMUJ
TFRVFODF�FWBMVBUPS�BOE�JUT�BQQMJDBUJPO�JO

WFOPNJDT
3BGBFM�+��#PSHFT�
�
�.BTTJNP�4BNNJUP�
�$MBVEJB�.JMMeO�
�.BSDPT

3�.��'POUFT�
�*TBCFM�6ToO�
�

���%FQU��PG�4USVDUVSBM�.PMFDVMBS
�*OTUJUVUF�PG�.PMFDVMBS�#JPMPHZ�PG
#BSDFMPOB� 	*#.#

� 4QBOJTI� /BUJPOBM� 3FTFBSDI� $PVODJM� 	$4*$


#BSDFMPOB
�4QBJO
��� %FQU�� PG� 1IZTJDT� BOE� #JPQIZTJDT
� #JPTDJFODFT� *OTUJUVUF� 	*##


4pP�1BVMP�4UBUF�6OJWFSTJUZ�	6/&41

�#PUVDBUV
�4pP�1BVMP
�#SB[JM
���%FQU��PG�4USVDUVSBM�#JPMPHZ
�$BUBMBO�*OTUJUVUJPO�GPS�3FTFBSDI�BOE
"EWBODFE�4UVEJFT�	*$3&"

�#BSDFMPOB
�4QBJO

FNBJM��SKCPSHFT!JCC�VOFTQ�CS
4USVDUVSBM� CJPMPHZ� IBT� CFFO� BO� JOWBMVBCMF� UPPM� JO� UIF

CJPNFEJDBM� GJFME� PG� WFOPNJDT� XJUI� ESVH� EFTJHO

DPNQSFIFOTJPO� PG� QIZTJPMPHJDBM� NFDIBOJTNT� BOE
JNQSPWFNFOU�PG�BOUJWFOPN�UIFSBQZ�	$BMWFUF�FU�BM�
�����
�
7FOPN�FYUSBDUJPO� JT�B�DPNNPO�QSPDFEVSF�BT� JU� JT� TUPSFE
JO� BO� BDDFTTJCMF� HMBOE�� 5IVT
� PGUFO
� TOBLF� UPYJOT� BSF
EJSFDUMZ�PCUBJOFE�GSPN�OBUVSBM�WFOPN�QVSJGJDBUJPO
� SBUIFS
UIBO� UISPVHI� SFDPNCJOBOU� QSPUFJO� QSPEVDUJPO�
$IBSBDUFSJ[FE� CZ� POF� PG� UIF� NPTU� SBQJE� FWPMVUJPOBSZ
EJWFSHFODF� BOE� WBSJBCJMJUZ� JO� BOZ� DBUFHPSZ� PG� QSPUFJOT

WFOPNT�BSF�DPNQPTFE�CZ�B�DPDLUBJM�PG�UPYJOT�	$BMWFUF�FU
BM�
� ����
�� 8JUI� TVDI� DPNQMFY� DPNQPTJUJPO
� JU� JT� B
DIBMMFOHF� UP� PCUBJO� IJHI� QVSJUZ� UPYJOT
� TJODF
QIZTJDP�DIFNJDBM� QSPQFSUJFT� NBZ� CF� TIBSFE� BNPOH
EJGGFSFOU�QSPUFJOT��5IVT
� UIF�PCUBJOFE�TBNQMFT� GSPN�GJOBM
TUFQT�PG�QVSJGJDBUJPO�DBO�CF�B�NJYUVSF�PG�JTPGPSNT�BOE�PS
EJGGFSFOU�QSPUFJO��*O�TVDI�DBTFT
�UIF�TFRVFODF�NBZ�OPU�CF
DMFBSMZ� EFUFSNJOFE� CZ�NBTT� TQFDUSPNFUSZ� BOE� FWFO� BGUFS
QSPUFJO�JTPMBUJPO�UISPVHI�DSZTUBMMJ[BUJPO
�EFUFSNJOJOH�TJEF
DIBJO�DPNQPTJUJPO�JO�UIF�DSZTUBMMPHSBQIJD�NPEFM�NBZ�OPU
CF� USJWJBM�� 4&26&/$&� 4-*%&3� BJNT� UP� BEESFTT� TVDI
TDFOBSJP� JOUFHSBUJOH� PUIFS� TPVSDFT� PG� FYQFSJNFOUBM� EBUB�
4UBSUJOH� GSPN�B�QBSUJBM� PS� DPNQMFUF�NPEFM� BTTJHOJOH�BOE
FWBMVBUJOH� EJGGFSFOU� TFRVFODF� QPTTJCJMJUJFT� BHBJOTU
EJGGSBDUJPO�EBUB��5IF�TJEF�DIBJOT�BSF�NPEFMFE�DPNCJOJOH
IZQPUIFTFT� BTTFNCMFE� XJUI� 4$83-�� 	,SJWPW� FU� BM�

����
�BOE�PS�$005�	&NTMFZ�FU�BM�
�����
�BOE�SFGJOFNFOU
UISPVHI� 3&'."$� 	.VSTIVEPW� FU� BM�
� ����
� BOE�PS
#645&3� 	#SJDPHOF� FU� BM�
� ����
�� 5IF� WBSJFE� TFRVFODFT
BSF� HFOFSBUFE� VTJOH� B� QSPCBCJMJUZ� EJTUSJCVUJPO� CBTFE� PO
FYQFSJNFOUBM� SFTVMUT� PG� NBTT� TQFDUSPNFUFS� PS� PO
QIZMPHFOFUJD� TUBUJTUJDT�� $PSSFDU� NPEFM� EJTDSJNJOBUJPO� JT
FWBMVBUFE� UISPVHI� QSPQPTJUJPO� PG� B� 'JHVSF� PG� .FSJU
JOUFHSBUJOH� HMPCBM� BOE� MPDBM� DSZTUBMMPHSBQIJD� JOEJDBUPST

FOFSHZ� BOE� DPNQMFNFOUBSZ� FYQFSJNFOUBM� LOPXMFEHF�
4&26&/$&� 4-*%&3� JT� CFJOH� BQQMJFE� UP� EFUFSNJOF
VOTPMWFE�TOBLF�WFOPN�UPYJO�DSZTUBMMPHSBQIZ�EBUBTFUT�BOE
SFWJTJU�UPYJOT�EFQPTJUFE�JO�UIF�QSPUFJO�EBUBCBOL�
3FGFSFODFT
#SJDPHOF
�(��FU�BM��	����
��#645&3�$BNCSJEHF
�6OJUFE

,JOHEPN��(MPCBM�1IBTJOH�-UE�
$BMWFUF
�+��+��FU�BM��	����
��'&#4�-FUU�����
�����v�����
&NTMFZ
� 1�� FU� BM�� 	����
�"DUB� $SZTUBMMPHS�� %� #JPM�

$SZTUBMMPHS����
����v����
,SJWPW
�(��(��FU�BM��	����
��1SPUFJOT����
����v����
.VSTIVEPW
� (�� /�� FU� BM�� 	����
�� "DUB� $SZTUBMMPHS�� %

#JPM��$SZTUBMMPHS����
����v����
� 7FOPNJDT
� $SZTUBMMPHSBQIZ
� QSPUFJO� TFRVFODJOH


SFGJOFNFOU
� NPEFMJOH
� QIBTJOH
� "3$*.#0-%0
� NBTT
TQFDUSPNFUSZ

MS45-O4�%43�v�&OIBODFE�NPEFMMJOH�BOE
SFGJOFNFOU�PG�EJTPSEFSFE�TUSVDUVSFT�XJUI

4)&-9-
%BOJFM�,SBU[FSU�
�*OHP�,SPTTJOH�

���"MCFSU�-VEXJHT�6OJWFSTJUaU�'SFJCVSH

FNBJM��ELSBU[FSU!HNY�EF
0OF� PG� UIF� SFNBJOJOH� DIBMMFOHFT� JO� TJOHMF�DSZTUBM

TUSVDUVSF�SFGJOFNFOU� JT� UIF�QSPQFS�EFTDSJQUJPO�PG�EJTPSEFS
JO� DSZTUBM� TUSVDUVSFT�� %43`QFSGPSNT� TFNJ�BVUPNBUJD
NPEFMMJOH� PG� EJTPSEFSFE� NPJFUJFT� JO� 4)&-9-<�>�� *U
DPOUBJOT�B�EBUBCBTF�UIBU�JODMVEFT�NPMFDVMBS�GSBHNFOUT�BOE
UIFJS�DPSSFTQPOEJOH�TUFSFPDIFNJDBM�SFTUSBJOUT�BOE�B�GJUUJOH
QSPDFEVSF�UP�QMBDF�UIFTF�GSBHNFOUT�PO�UIF�EFTJSFE�QPTJUJPO
JO�UIF�VOJU�DFMM��5IF�QSPHSBN�JT�BMTP�TVJUBCMF�GPS�TQFFEJOH
VQ�NPEFM�CVJMEJOH�PG�XFMM�PSEFSFE�DSZTUBM�TUSVDUVSFT�
8SJUJOH�B�TQFDJBM�%43�DPNNBOE�JOUP�UIF�4)&-9-��SFT

GJMF� PG� UIF� UBSHFU� TUSVDUVSF� JOTUSVDUT� %43� PO� XIFSF� UP
QMBDF� BOE� IPX� UP� PSJFOU� B�NPMFDVMBS� GSBHNFOU� GSPN� UIF
GSBHNFOU�EBUBCBTF�JO�UIF�VOJU�DFMM�	'JHVSF��
�`*O�BEEJUJPO

JU� JT� QPTTJCMF� UP� EFGJOF� UIF� PDDVQBODZ
� SFTJEVF� PS� QBSU
OVNCFS� PG� UIF� GJUUJOH� GSBHNFOU�� 5IF� GSBHNFOU� DBO� CF
JOWFSUFE
� F�H�� UP� GJU� UIF� PUIFS� DPOGPSNFS� PG� UXJTUFE
UFUSBIZESPGVSBO�
.PMFDVMBS� GSBHNFOUT� DBO� CF� FJUIFS� JNQPSUFE� EJSFDUMZ

GSPN� UIF� (3"%&� TFSWFS� PG� (MPCBMQIBTJOH� -UE�<�>
� GSPN
FYJTUJOH� DSZTUBM� TUSVDUVSFT� PS� GSPN� BC� JOJUJP� DBMDVMBUJPOT�
%43� PGGFST� TFWFSBM� NPSF� PQUJPOT� BWBJMBCMF� UP� NBLF
EJTPSEFS�NPEFMMJOH�B�DPOWFOJFOU�QSPDFTT�
<�>�(��.��4IFMESJDL
�Acta Cryst.� 
�C71
��v��
<�>`(SBEF� 8FC� 4FSWFS
� Global Phasing Ltd.

IUUQ���HSBEF�HMPCBMQIBTJOH�PSH�

�(FOFSBM�XPSL�GMPX�PG�UIF�%43�QSPHSBN�

� 9�SBZ� TUSVDUVSF
� SFGJOFNFOU
� EJTPSEFS
� 4)&-9-

NPMFDVMBS�GSBHNFOUT�


