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

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

MS38-O4�$IBSHJOH�GSBHNFOUT�PG�GVMMFSFOFT
XJUI�NVMUJQMF�FMFDUSPOT��SFNBSLBCMF

TUSVDUVSBM�USBOTGPSNBUJPOT�BOE�NFUBM�CJOEJOH
SFDPSET�GSPN�9�SBZ�DSZTUBMMPHSBQIZ�BOE`�-J

/.3
.BSJOB�"��1FUSVLIJOB�

���%FQBSUNFOU�PG�$IFNJTUSZ�6OJWFSTJUZ�BU�"MCBOZ

FNBJM��NQFUSVLIJOB!BMCBOZ�FEV
/PO�QMBOBS� DBSCPO� BMMPUSPQFT� TVDI� BT� GVMMFSFOFT� BOE

OBOPUVCFT� BUUSBDU� TJHOJGJDBOU� JOUFSFTU� EVF� UP� UIFJS
PVUTUBOEJOH� QSPQFSUJFT� BOE� QPUFOUJBM� BQQMJDBUJPOT� BT
MJHIUXFJHIU� DBSCPOBDFPVT� NBUFSJBMT� GPS� NJDSPFMFDUSPOJDT
BOE� FOFSHZ� TUPSBHF�� 0QFO� HFPEFTJD� QPMZBSFOFT
SFQSFTFOUJOH� GSBHNFOUT� PG� GVMMFSFOFT� BOE� DBQT� PG
OBOPUVCFT� BSF� CSPBEMZ� VTFE� GPS� UIFPSFUJDBM� BOE
FYQFSJNFOUBM�TUVEJFT�PG�DVSWFE���TVSGBDFT��5IFJS�FYDFMMFOU
FMFDUSPO� BDDFQUJOH� BCJMJUJFT� IBWF� CFFO� UIF� GPDVT� PG� PVS
BUUFOUJPO� JO� UIF� MBTU� TFWFSBM� ZFBST��8F� JOWFTUJHBUF� SFEPY
QSPQFSUJFT� PG� UIF� CPXM�TIBQFE� DPSBOOVMFOF� 	$��)��
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SFBDUJPOT�� 8F� JTPMBUFE� DSZTUBMMJOF� QSPEVDUT� PG� WBSJPVT
SFEVDFE�TUBUFT�PG�DPSBOOVMFOF�BOE�BDDPNQMJTIFE�UIFJS�GJSTU
9�SBZ� DSZTUBMMPHSBQIJD� DIBSBDUFSJ[BUJPO�� 5IJT� BMMPXFE� VT
UP�SFWFBM�SFNBSLBCMF�TUSVDUVSBM�USBOTGPSNBUJPOT�PG���CPXM
VQPO� BEEJUJPO� PG� NVMUJQMF� FMFDUSPOT�� .PSFPWFS� UIF
SFTVMUJOH� DBSCBOJPOT� XFSF� TIPXO� UP� TFSWF� BT� VOJRVF
CPXM�TIBQFE�BSPNBUJD�MJHBOET�GPS�NFUBM�DPPSEJOBUJPO��5IF
IJHIMZ� SFEVDFE� DPSBOOVMFOF� XBT� DPOGJSNFE� UP� GPSN
GBTDJOBUJOH� TVQSBNPMFDVMBS� BHHSFHBUFT� XJUI� NVMUJQMF
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QSPWJEF� DPSSFDU� TUSVDUVSBM� BTTJHONFOUT��/FYU�XF� QVTIFE
GVSUIFS� UIF� DPPSEJOBUJPO� MJNJU� PG� UIF� UFUSBSFEVDFE� CPXM
IBWJOH� POF� FMFDUSPO� QFS� GJWF� $�BUPNT� BOE� CFJOH� NPSF
FMFDUSPO� SJDI� UIBO� UIF� GVMMFSFOF�IFYBBOJPO��8F� VTFE� UIF
DPODPNJUBOU�BMLBMJ�NFUBM�SFEVDUJPO�SFBDUJPOT�UIBU�SFTVMUFE
JO� UIF� JTPMBUJPO�PG�B�OFX�DMBTT�PG� USJQMF�EFDLFS� TBOEXJDI
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BO�FWFS�JODSFBTJOH�SPMF�JO�TUSVDUVSBM�FWBMVBUJPO�JO�CJPMPHZ
TJODF� UIF� JOUSPEVDUJPO� PG� EFEJDBUFE� TZODISPUSPO
CFBNMJOFT��"� OVNCFS� PG� SPCPUT� IBWF� CFFO� EFWFMPQFE� UP
PGGFS� IJHI� UISPVHIQVU� BOE� BVUPNBUJPO�� 5IF� DPNCJOBUJPO
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XIFSF� UIF� FMVUFE� TBNQMF� JT� FYQPTFE� UP� 9�SBZT
JNNFEJBUFMZ�BGUFS�TFQBSBUJPO�JT�BMTP�FYQMPSFE��5IF�&43'
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TXJUDIJOH� CFUXFFO� UIFTF� UXP� NPEFT� JT� EPOF� CZ� SFNPUF
DPOUSPM� BMMPXJOH� PQUJNBM� VTF� PG� BWBJMBCMF� CFBNUJNF�
%FEJDBUFE�CFBNMJOF�DPOUSPM�BOE�EBUB�BDRVJTJUJPO�TPGUXBSF
BMMPXT�TBNQMF�DIBOHFS�DPOUSPM�BOE�SFBM�UJNF�EBUB�EJTQMBZ
	UXP�EJNFOTJPOBM� BOE� POF�EJNFOTJPOBM
�� *U� JT� DPOOFDUFE
UP� B� EBUB� QSPDFTTJOH� QJQFMJOF� QSPWJEJOH� BVUPNBUJD� EBUB
QSPDFTTJOH� VQ� UP�ab initio�NPEFMT� GPS� CPUI�NPEFT��%BUB
DPMMFDUJPO�QBSBNFUFST�BOE�SFTVMUT�BSF�MPHHFE�BOE�TUPSFE�JO
UIF� NPEJGJFE� *41Z#� EBUBCBTF� 	B� MBCPSBUPSZ� JOGPSNBUJPO
NBOBHFNFOU� TZTUFN� UIBU� DPNCJOFT� TBNQMF� USBDLJOH� BOE
FYQFSJNFOU�SFQPSUJOH
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ESPQMFU� NJDSPGMVJEJDT� EFWJDFT� XFSF� JOUSPEVDFE� UP� UIF
CFBNMJOF�� 5IF� GJHVSF� TIPXT� UIF� DVSSFOU� TFU�VQ� PO� UIF
CFBNMJOF�XJUI�UIF�JOTFU�QIPUPHSBQI�PG�ESPQMFU�HFOFSBUJPO
JO�UIF�NJDSPGMVJEJDT�DIJQ��5IF�ESPQMFUT�	DPOUBJOJOH�CVGGFS
QSPUFJO�JO�TPMVUJPO�BOE�DSZTUBMMJTBUJPO�BHFOU
�BSF�ESJWFO�CZ
BO� PJM� QIBTF� BOE� FYQPTFE� UP� 9�SBZT� JO� B� GVTFE� TJMJDB
DBQJMMBSZ�PG�����»N�EJBNFUFS�JO�WBDVVN��5IF�DBQJMMBSZ�JT
DPOOFDUFE�EJSFDUMZ�UP�UIF�FYJU�PG�UIF�NJDSPGMVJEJD�DIJQ�BOE
TFBMFE� JOUP�#.��� TUBOEBSE� TBNQMF�IPMEFS��5IBOLT� UP� BO
FYUFSOBM� USJHHFS� TJHOBM� EBUB� BSF� SFDPSEFE� POMZ� XIFO
ESPQMFUT�DSPTT�UIF�9�SBZ�CFBN�UP�BWPJE�SBEJBUJPO�EBNBHF
PG�PJM� BOE� UPUBM� SFGMFDUJPO�PO�ESPQMFU�XBMMT��8JUI�IFMQ�PG
TVDI� B� EFWJDF� DSZTUBMMJTBUJPO� TUVEJFT� JO� TJUV� PG� glucose
isomerase�XFSF�DBSSJFE�PVU�
*O� UIF�QSFTFOUBUJPO� BO�PWFSWJFX�PG�NBDSPNPMFDVMFT� JO

TPMVUJPO� FYQFSJNFOUT� BOE� QPTTJCJMJUJFT� BU� #.��� XJMM� CF
HJWFO� UPHFUIFS�XJUI� UIF�EFTDSJQUJPO�PG� MBUFTU� SFTVMUT�XJUI
EJHJUBM�NJDSPGMVJEJD�EFWJDFT�


