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FMFDUSPO� BDDFQUJOH� BCJMJUJFT� IBWF� CFFO� UIF� GPDVT� PG� PVS
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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
PG� 4"94� XJUI� TJ[F� FYDMVTJPO� DISPNBUPHSBQIZ� 	4&$


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�
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UIF� XPSME� CZ� B� TNBMM� TFU� PG� JOTUSVNFOUT� PQFSBUFE� CZ
TQFDJBMJTUT�BU�MBSHF�TDBMF�GBDJMJUJFT��*O�BEEJUJPO
�WFSZ�PGUFO
FWFSZ� OFVUSPO� EJGGSBDUJPO� JOTUSVNFOU� IBT� B� VOJRVF� TFUVQ
XJUI� EFEJDBUFE� IBSEXBSF� BOE� TPGUXBSF� BOE
� NPTU� PG� UIF
UJNF
� BO� JO�IPVTF�NBEF� EFUFDUPS�XJUI� JO�IPVTF� TPGUXBSF
GPS�CPUI�EBUB�DPMMFDUJPO�BOE�EBUB�USFBUNFOU��5IJT�TJUVBUJPO
IBT� SFMFHBUFE� OFVUSPO� EJGGSBDUJPO� JO� B� OJDIF� PG
FYQFSJNFOUBM� UFDIOJRVFT� UP� CF� VTFE� POMZ� XIFO
VOBWPJEBCMF�� /FX� NBUFSJBMT� DPNCJOJOH� JOPSHBOJD� BOE
PSHBOJD� NPJFUJFT
� FTQFDJBMMZ� EFWFMPQFE� GPS� FYIJCJUJOH
NVMUJQMF� QIZTJDBM� QSPQFSUJFT
� QSFTFOU� OPXBEBZT� B
DIBMMFOHF�UP�TUSVDUVSBM�BOBMZTJT
�SFRVJSJOH�NPSF�BOE�NPSF
UP� DPNCJOF� Y�SBZT� BOE� OFVUSPO� EBUB� JO� PSEFS� UP� PCUBJO� B
NPSF�UIPSPVHI�EFTDSJQUJPO�PG�UIF�TZTUFNT�VOEFS�TUVEZ��*O
UIJT� UBML
� B� TVSWFZ� PO� UIF� BDUVBM� QPTTJCJMJUJFT� BOE� TPNF
PVUMPPLT� JO� TJOHMF�DSZTUBM� OFVUSPO� EJGGSBDUJPO� XJMM� CF
HJWFO
� JO� QBSUJDVMBS� UPVDIJOH� VQPO� �%� EFUFDUPST
� EBUB
DPMMFDUJPO�BOE�EBUB�QSPDFTTJOH�TPGUXBSF�
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