2R AR 3%

)
e
fulo
()
z
o
ox,
oZ
o
I

1. 7l

4 &3 (synthetic biology)at TjAta3SHmetabolic engineering)2 7|&9] df
o|Q Amu ARetst 7|¥te] HEA AEoM Zulsto A4t 715 A W AW
El(specialty) A&l AJ4to] 7heh Mz ndE Alx 3749 7ige 77 st
AT (2 1), @Y 'a0 osl| itk v]FAA Au]EQ] lactic acidy xylitol©]
RN 2x2 AR o], S T I oo g4 YRZol 9]
MAE] = amorphadiene, indolyglucosinolate, plant alkaloid Syt Z& ¥Xisth
Alo]Eo] ALte ZHssiA

AT Amyris®t Sanofi= MEUS Wi gRoA ol ofE
artemisining Adst £&0=2 J§Esta 990w, Evolvas /2S5 01%0}04

d
=
F&F(Flavor & Fragrance)2Az vp22lsFe Y= Y29l v (vanillin)S 2014

do] AlZo2 ZA|5t v Qitt (72 2). Jgu}, AJANSIIAL st 98 EM 51EHE
2 L= 15g2 AMT & Qe FERt Al 54 /g 2ash o3 ARt =
2, 17t9] v]g mizo] sRoA M Vo] Dote shEY Agato] Al=EX|TH
ARIMA] Fhdet 250 o] A2 4R XA et F98EST2 ST viole
A|AEO] o & Thset RANS Thssl dtezx AGA 7o tE NE 54 7
=it AlF J&et Ato]o] AXHEFSY 7%, valley of death) & 558 4 e &7

Ml A7 Pof2 154 AFUT Yt

k=l =
(expression)¥} &4 (activity) A3} (4) A 1A (precursor), EZQIXHcofactor), o
UAl 59 2Rl 395 et w5 A= FAehvh Hasit.
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3] A Z(non-native biochemical pathway)2 TIARQI, AHAA|, & A sts17]
=S AL AHElES ATE LA it &, AR HAE2E A55)
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cellulosic ethanol S beiong
bioethanol isobutanol
biobutanol succinic acid stevia
lactic acid artemisinin saffron
vanillin prostratin
resveratrol L-DOPA
3% 2. S cerevisiae 719t B3-JYU Au|ZA9 AR XY ATfE[2]

2. A3 g 42 gAelE 938t computational tool
£74 7ujZA BAks Hst A2 342 AASH] gt A B@A= A= Yo EXjis
v 34 HAtES AR o] &sto] B AnjZS AME 4 Qe AR v3E
A3e2gstal AdEshs Zoltt. ABANSIAA} sh= B AlnjZe] B/ A =7t
]

l A 5 A Uz AEEE £
o QIR|RE, ARZER] L%l 226000709 A= 5 iREe
L SR AUAUS] At ol EX|SHA] ofot hetAl ¢
CTEHA, JbsE AR RS SAMoR wasty
dd7tset A RE BotstaL AAIE 4 1= computational tool2 3%
H OAARE RISk U] §8stet (& 1)
o] LY UAERE oF dugjE&2 ot g2 S+ 84 YRS AL
2E 7|9to g sttt} (reference-based frameworks). THetA] 7]£29] o g2
< olt] dHA A '5A ¥Hgo] =tEo] GQAIEEE o &she= sHAE 7RI
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T OARAEE 7H9] 7H5SE TiAME RS KEGG dlolEHo]lAE 7|Wto g o &sh=
FFM( From Metabolite to Meta-bolite’)o] TJEA Q] ofjo]cH4]. Chatsurachai ¢+
B uHY OAMIES AJHoR 988 £504 AAE 4 9lw= BRENDASH
KEGG d|o]ElHo]A0] EAfsts B o HAEEE 7[¥tez tAE2E YA
shaL ol5sh v QIrHs] 2 Az 3307t A B g 9 A RROR 31545
7o vdd=ES S CereVISIaeﬂW A & e OAMER S dE5T & AL 9
% 9F 67%2] H|AE2] AL (1,3-propanediol, isoprene, a-farnesene £)°] @5
SAzRE O st AoE AZE,



B 1. A gAIE R o F AF2E+= computational tool

Software Software availability Description
KEGG AHEE 7]|gto g
FFM http://fmm.mbc.nctu.edu.tw/index.php AlAtat opx| ek oAbt

Atolo] A2 A2A
KEGG2} BRENDA DBE

Chatsurachai | http://www-shimizu.ist.osaka-u.ac.jp/pathwa ZlHrez &S5 N e
et al. y'search.zip OAIA 22 B}l OAJALE

(8] ) A4t A

CHEBI?} RHEA DBE&

Metabolic http://osslab.lifesci.warwick.ac.uk/Tinker' Do ZIRre 2 MRS AL
Tinker wnload.aspx. Aot B a2 xjolol

Rt A=
9 x4 SolMEH

é
Py

- http://equilibrator.weizmann.ac.il/ lonic strength, reactant,
eQuilibrator | ¢ quiibrator product ) A4
gH3-o] 7 o F
7Hsst B = olE
Retropath h;:]pp://www.|ssb.genopole.fr/ faulon/retropath 9 TEE Ay Ao
=2t
Metabolic Tinker= acetoacetyl-coAo]A] isoprenoid 3}gr=E9] A A[Ql

isopentenyl diphosphate®] A4to] 7hsot QA3 25 o &st=d AHEH vl Ut
ESH acetoacetyl-coA 2]o|%= S-adenosyl-L-homocysteineo|A AHAF 7=t A2
= A 2E AAlstt. o] Qo= £ pH, tiAbd ol #olsh= tiAME9]
5=, BxQXHcofactor)9] & 5 574 &£ stolA A|Ashd AT A 22t
U7 9] of|&0] 7153t software®™ 7R E] AT} (eQuilibrator).
ojt] ¥deA e AYY d=2& 7lvre=w 3}5_ dne|E Qo= 4ltHde novo)
gArd=zE AAlste AEE & e 2u9EE JNiEEHO ARREI o
Biochemical Network Integrated Computatlonal Explorer (BNICE)= Al4t THA}
Atz AR S E=Z6t7] Yo ZIEE 9 a[6], AAZ 1,2,4-trichlorobenzenes
AR & UAe Al AP Z[7]9F pyruvateoAl 1-butanolg AAZAE 4 U=
Ihe Al AP =5 AAISHI TSI
WY MRS dEste 2ueEe Yewet o AR HEol
5] Fotdle SAlX|R, 2Nt ALY HAEZE 9 n
A

=
=
A 4 = computational tool2 FHeE A= 54 7Hdol| fe &



A 24 d & DNA parts2 £15H] 5l cloning?] &=, £=, &%

Rl FUZ FEAESt toolo] JHEERIT. H-EAQ1 Agta s ot &
b Al 7jdke] Z 24 7)ol A|stgAo] Aol 2= Qsh Gibson isothermal
assembly, in-fusion, uracil-specific excision reaction (USER) 224, circular
polymerase extension cloning (CPEC), ligase cycling reaction (LCR), modular

cloning system (MoClo), in vivo homologous recombination £9] 7o =2 rj
A= o (2 3).
Fragment design Fragment assembly Final construct

\ Ligase and
///Phusion polymerase

Anneal

\_b;"

Phusion
polymerase

Denature
and Anneal

Denature Thermostable

LCR and Anneal ligase
ligase  LevelO [P, U JISA) CDS. [ T, |
MoClo £
(VIR P, U. B8 CDS, T,
@ Fragment A [§ Fragment B €__S)Backbone EIEE Homologous sequence P, U; K28 CDS; T
EAPromoter WA 5' untranslated region [SPz]Signal peptide [F Terminator Level 2 \RIVATSP; TSRS
€257 Coding sequence -’___"“"'“"

a3 3. DNA =3 7|¥9] 9|[1]

Gibson 7|¥H< 40 bpQ] overlapping A E< 7HX|= 3-471°] DNA x=7FH2 90%
22 xYo] 7h5lct. Gibson 7|We S3] Zol7t 2 DNA £748 £ 5
Istol M. genitalium®] 583 kb RAIAE Aoz d/dsto] %9 Qlx HE
o 9FAIS WHsteul A8 JlolZlE SieHI) In-fusion 1We 15 bp)
overlap© 2 DNA Z7+S Zx#-st= v o2 37} DNA R7ZFS 40%°] a2 &

A L
O]__l"())»)]n_ 7/—12 LA

iRl |:o|A
— Of Oh J

1l QItH10]. Uracil-specific excision reaction (USER)-&

l'ﬂ



7-12 bpQe] & overhangg ©] &4 2-77§9] DNA ZR7FS 90%°] 1882 A=
gt o~ ol 7|¥Ho|t}, t}igk, USERE 7t overhango] ¥FEA] deoxythymidine (dT)
7} deoxyuridine (dU)=Z X|gtE]o] Qlojof stu g2 dU7F Z3t=El primersS ©0]851Y
o] o]&% DNA R7Zt=& ZZsfjof sttH11]. Circular polymerase extension
cloning (CPEC)& 9] DNA x7te 22357 oJ5|
“denaturation-annealing-extension” @] cycle2 drE2X 0 g 45i5t= 7oz X
Yotuat sho DNA &2t] 2o wet cycled] W=47h Zgdch Azke ulgu
95%9] g2 47§71X] DNA A7+ x=1sk 4~ 9IX|uF DNAQ] extension A oA
mutationo] §&= 4 Qitt= ©Ao| QtH12]. Golden Gate cloning@ 2 %AF e
A Q= Type IIS AstaA 7|¥te] Modular cloning system (MoClo)& 10719]
DNA Z=Z7HA] 90%°] a&2 £HY 4 Aol U3 g4 22te= 4% 33 kb
o & #Ao]9 DNAE 3TAY ZFzdvtez xHPsE Hurp  Io13]
Single-stranded DNA bridging oligoS ©]&5t= ligase cycling reaction (LCR)
S mevalonate A TAIA RS LAdsH= 1271Q] DNA 272t =8 75% §82 &
o] 7t5s5HYitH 14]. upx|ete g2 S cerevisiae®] DNA repair machineryS 0|85}
of S cerevisiae AMNE UOJA 30-40 bp2e] overlap®2& homologous
recombinationg £5f] DNA AZF5S A®SH= in vivo recombination ®y¥lo] 9}
t}. 2% 239 DNA 272 plasmid JE|E S cerevisiae AJ& Uo|A 24| %] 7
U A4 W2 =gd 4 At (& 2). ook o] &4d =S 383 homology
7]8t9] DNA assembly 7|"H&& ©|&sto] B|wA Z Apo]=9] RAXE7HA] & ¢

Y1 e wyges nyol ZhsaiHth

a1 7] DNA z7}9] 23 35 29 a8
overhangs DNA %7t Z1o] (kb)
) 40 bp 90%
Gibson c. 4 900
overlaps (for 3 fragments)
) >15 bp >60%
In-fusion 2-3 c. b
overlaps (for 2 fragments)
7-12 bp
USER overlaps 3.7 8 >90%
- c.
(Jt=A] 1 dUZ} (up to 7 fragments)
=)
4 bp overlapsdt 3
t 11s
MoClo pe c. 10 (in | >90%
Alsta s QA
) 3 rounds)
site




>90%

60-90 bp (up to 6 fragments)
LCR o i >10 20
bridging oligo c. 75%
(12 fragments)
L >90%
in vivo
o >40 bp (up to 6 fragments)
recombination >10 >20
overlaps c. 75%

in S. cerevisiae
(12 fragments)

4. thA3 2] #53} tool

S B AFZO AL 9 AFRZE AAEL ASEY A

Slafsto] Slet Sl Ee) Kbt Fasei(1d ). R 3
2R 2Al AAHL

_ _|l.|
o 19
oZ

[©]

Y
=
nE

2
ofo
i
2
N

|

o]
05
cE
U
hu
el

N

o]
o
Pa}

IO o
:Ol:t‘
.
o
un N

o
o
> fllo o 19 49 o o 1O rr zE ox

A TAAEE PG 4 BAES codingstt &
54 240 BYES ARSI MR SHL QU 4
o
=

el

0% qjn

o =2 o= —To=a2 TIra %
Aaroz2H =2 ALY metabolic loadS HSHA|7] 1L
2 Ao E9t AMERE d5te 245 AlE WA JAASHA
2 metabolic channeling 15 948 4 At} =&, AAE APERE A
AlolA A4 product’t th5 ©A|9] substrate® 0]%%* & Qe #
2 =950 =2H ARY sUAIEY &4Z aaststo A5 AHEY
L4 ook 2ol @y F72 A% N 94 AR HEetE 9
QA2 HXOIXHcofactor)l} substrate 2% Eo|d&8 &A, YA xR (allosteric
regulation)2 AolstAL &4 AHIS TAA e FUALORA tARE
e 5 ot

A RE St 2 wgEe] BuHA Aot S gAdze &82 50
Al7]= metabolic channeling2 23K compartmentalization), fu31on F=
scaffolding2 55]1*1 72t 8453 A AR HRIARIY. o] diffusion,
degradation, ZFAJEA U= a4 (competing pathway)s°] 23t &7HA|Q]
SAg on, S0l ool RUE 4 Ak B4 mAE 2AAIPIG, BORR
Z74A|9] UGS @‘%/\]WQEH 9r-2.9] turnover rateg Z7H7|= ats 42 £
Qltt. o=, S. cerevisiae®] A|ZAo] otd O]EFZEz2]o}o] isobutanol AT AL
Azg =q-pEsEtomn 260 AWNFel F7bE s AcHISL ohbbAl=,
valencene®?} amorphadiene A3/ @45 U] C2]otofa] ggsto] zH2h 8ufj ot
208l BArEFS S7HAIR] At Aate H U E[ICH16].
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Enzyme-coding genes
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S.  cerevisiaed|X] resveratrol®] MirFS FIFAIZI7] sl SHAU &40l
4-coumarate-CoA ligase?} stilbene synthaseE fusions}o] fusion THHHAS- A
Aol SUPS AL, Z240] BASS WER WSO wYPe o Wot 14u)7}
rrgol S7tshke s #HRIsHAT17]. Scaffoldings ©]&et 4Rl scaffold
o] 851x] ¢S AL Wr} resveratrol AAto] GH, fusion THRA-S o] 85t HL W)

AATH18].

Al scaffoldQ]o|l = HXY7HA] scaffolding®] F+A2 2 § 204 RNAS o]8&35t
At QIRIEE giE2]oto A= RNAE scaffoldg ©]&sto] A A4HS 487K
5717 RNA Al scaffoldingo] aatdog ARES 4 th= 7Hs/dS AAISHA
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