[$rfifammE (HREEIEER)]
HTH

DR RE A

MEREREES : 16H06442 FHEREHFS : 40305496

RRKF - KEREFRPEH - HiR

EMERROBRENC K PEHERBESTTFO
EHHBIRHEE

HR B

PaIER  HREA

[X4EEO H#]

%L DEMD T ) DMEBRDEGICATFAREL 720 |
T AL =T GEBIBTHRE) ICX DRk 72 KR
MDELGEA T 2B L. T OESRCR % FEEE
T5HZ L TRARMDEENTREE 72 5o H 5D, R
DT L—7 Z)—F, ZOEAR~ YT Y —Zhf
WIEAT DN E WD S THY . ARFZEfEECIX, £
BRO TERFHRZGAES | HH, S5 THLn
At A EL ) FACREN 2B EZX 5, T70b
B KIS SHENEOBIR T « BESE - UG DIRA
NS DREBIRNTICHES & | B lICEA R TR0 A K
AW O FUR S DO BN A 2 RN 35 Z & T
G AT AOG PR AR EEIC L 2 BHEE R EE
7 D EFIRI R & B T e Al aEk & LR B
THIEEHNET D,

BB AR L2 R g A IE, 7 ) —
ORI LD AR & L ¢, EL e YA
< HRAWE O @EMBETREICT D720, ZO5E
OWFGE (GRAEW) 1%, Bric ek & LTK
EREHEZEDTEY, BIRNPMEBL-oOH 5B
WZH-oT, T ETHEIZARD,

S B\ IAGEIE CIlIESRE O A 78 b EHR R A D
V7 A N EFTTH, WEEEREICZK T 5 —
WACHE & AT E D7 1 A b — 2 ORI &l 7
EL BT LUWVEE IR O 38 OB i 2 O Al Rkl & 9
DT EDBRNCHIFFESND, FERIIZITT 7 2005
RIS £ CABIC, FEMICTYFLI L, &6
WAL TR ) 7o bk - 1IKRRR 2 A G bt
5 ET, A B RIRMEREE Y T O B B TER
Bllpk % o X9,

[REEBDOHE]

HEARY AT LAOGENEBEIC L 2WEEFEE
E 2D T, KEAKRKIGE T 285 (R
B OHR L ISHANRAIRTH D, IRAHEERE O
I, P A s & TRV RO SRS K &
BT HEDONRHY . ZHNKRW Sy LR
EHHTRERERO—D2LR>TWND, —FHT,
ENEREAE R THBL, R Ll & KREAEPERE
O DI R FEOBRRIZLY . oAy
BORBELZEMHBNREIC 2D, 5T, Ay
AT LD EREEIZLY . JHo2 b DA IEFEIC
YED ., R % vk < FiBlBHEEHIERE Y T O KR EL
ERE N BT 5,

WFFEIE H A01 Tl IERIRBEREME Yy T N TAS
D 7= 8 O FH 7o TIEBF SO, B EIRARY A At
WEfrse e iz kv, RARIZARVWL D ESL B,

WFETE E A02 Tld, WEAFEEFRICR T 5 — kR

B E WA E D7 1 A b — 7 ORI & HlERe, K
BAPERED 2O DOHEFHI e FIEMRE R EICL Y,
D IR G HEFHAREE 0 T 2 KR&EIT DL B,

WFZETE H A03 Tl AR OGRS RERFATAIFZE
0. MG OMBANIIE, 7 AR Sl X
0. vV —OE SRR A R 5,

NG 3ODWEHA AR E L, EAHRT AT A
DOEHPIFFEEIZLY , HoTe b DA EMITIES.
RN % 8 < HiiAr D EMER RSB RE 0 12 REICR
ERGT D &0 BB Z KT 5,

[ Eh R L ER]

EBRY AT DOEEMT VA N2 K 2801,
FER LW EAEROBEIZ LY | EELR EIL<
HRWMEOREMRR NIRRT D, £z, RERWMAEE
HBAAWE ORI, RAWIZICHET 2 B3 —
N7 A 77 ) —OEG/R L rREL 720, =
NETHLENTWEARYMEEZL A LT D AT A
7o EOMEEICHERET D, AER TESRRY 7
A 2 SIS WEAET., TEROFEAERKICK D
Fat AT, 7 U= ooRRERR T L
WML LCHIfFCE 2 b, HHEamicb BER
NHY ., EFELORIHT | =X — FHEM
DEFEHATOEFIZ HERT 5,

N2 0732 RKIR D ZRAREHTRR IR D FIHEEE & 2072
EPEMNAIREIZ 72U, BEREM: 701 D R ERAEARIR A= P
HAMZIES< 2N TE S, BIERE THx Bk L&
F 72 ARG I O PR EE 1 3R E DR IK & D WAk
BUNEAL LT AR ORSE E CThY . LI
HAMEDEW, 7 LX Tl NG A FIRE &
BB OFESLITITE > TRV, 20 & 9 ek
L LZET BT, TEROAES K TH06 A
WFORT L EE BT FiT e IR O Al Rk 0%
BICET D2 EDRRVICHIfFEESND,

(¥—7—F]
AR, GRAEMT. KW, BER. 8is1.
WEARE, WER T, T ARl

(MR HIRE & R EE]
SERR 28 HEFE — 32 AR
1,106,300 T

[(R—LR—D%]
http://www.f.u-tokyo.ac.jp/~tennen/bs_index.ht
ml
biosynthesis@mol.f.u-tokyo.ac.jp

-38 -



[Grant-in-Aid for Scientific Research on Innovative Areas (Research in a proposed research area)]

Science and Engineering
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Title of Project : Creation of Complex Functional Molecules by
Rational Redesign of Biosynthetic Machineries

(The University of Tokyo, Graduate School of Pharmaceutical

Research Project Number : 16H06442 Researcher Number : 40305496

[Purpose of the Research Project]

Natural products have been an important source
of medicinal drugs. However, the number of
natural products isolated wusing traditional
isolation techniques is declining. Therefore, we
need to develop new strategies to obtain new
natural products. Recently, genome sequencing
data for most living organisms have become
available, which enable us to gain instant access
to genes encoding biosynthetic enzymes. In
addition, with the development of techniques for
protein structure analysis, we can Dbetter
understand the reaction mechanisms and
substrate specificities of enzymes. As the tools
(genetics and enzymology) and materials (genes
and enzymes) are becoming available, natural
products scientists are advancing from simply
learning biosynthetic machinery to designing new
blueprints for producing unnatural compounds.
To supply sufficient quantities of the products, it
1s necessary to design microbial hosts for the
expression of the biosynthetic genes. For this
purpose, we will construct a new technology
platform for the rational redesign of biosynthetic
machinery with the help of knowledge and
techniques from various research fields including
enzymology, organic chemistry, protein, and
structural and synthetic biology.

[Content of the Research Project]

In order to achieve our aims, we will set up three
intensive research programs (A01-A03).

A01: Creation of Artificial Biosynthetic
Machineries. Based on the structural information
of enzymes, we will mutate and develop them into
new biocatalysts. These biocatalysts will be
employed to produce novel compounds using
unnatural substrates and/or molecular probes. In
addition, we will combine multiple reactions to
produce compounds with complex structures.
A02: Construction of Biological Systems for Mass
Production. We will establish a methodology to
upregulate the production of metabolites whose
yield is low in nature. For this purpose, in vivo
activation of dormant biosynthetic pathways and
heterologous expression will be employed. In
order to construct a versatile host for
heterologous expression, we will study the
crosstalk between the primary and secondary
metabolisms by manipulating

precursor-supplying pathways in a model
microorganism.

A03: Structure and Function of Biosynthetic
Enzymes. We will exploit new biosynthetic
pathways to find new biocatalysts. We will
investigate in detail the reaction mechanisms of
the focused enzymes using X-ray crystallography.
Evolutionary analysis of biosynthetic genes and a
genome editing method will also be employed in
this investigation.

[Expected Research Achievements and

Scientific Significance]

Enzymes are excellent at producing
optically-active compounds. Their abilities to
produce complex chemical structures are
astonishing. Compared to chemical synthesis,
enzymatic synthesis is more ecologically friendly,
since it does not need an organic solvent. The
disadvantages of enzymes are their
high-substrate specificity and the difficulty of
controlling their reaction mechanisms. Nowadays,
these disadvantages may be overcome by
understanding their catalytic mechanisms. In
this project, we will establish a methodology to
engineer the catalytic activity of enzymes to
produce desired compounds, and utilize the
resultant catalysts to produce compounds with an
industrial-level yield. These achievements will
pave a way to construct artificial biosynthetic
pathways to produce supra natural products.

[Key Words]

Engineered Biosynthesis; Synthetic Biology,
Natural Products; Enzyme; Gene; Enzyme
Engineering; Metabolic Engineering;
Biocatalysis.

[Term of Project] FY2016-2020

[Budget Allocation] 1,106,300 Thousand Yen

[Homepage Address and Other Contact
Information]
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