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[83]
[84]

[85]
[86]

[87]

[93]

[94]

A o2, 37 A ASA = sl dLebd & 23 v R ol A vl = A d
ot A7) A ASA o) £33 pal FAAE AL S HUL AR
ARgtn R dd deld g EghehiE v Ao A Mg A S e a8 =E
Aletdsto]| =5 A 4kek 4= Qi)

Q] o 2, 7] A - EA = A =4F(casamino acid)S 3 g6 Hl %] o A
Wi e = AL 7 At 2 g o A A oo A, Ald¢b e sto] = A 3
§042 ¥ d

F3bete AR SA S T mARE el v A ol A ek A 2t
1.98 mg/LE A YEbt " FpA v e ARS- 3 3} 5] A
Hj Aol A vl ket A3 # o A 82 1.23 mg/LE YR

o
T

&8

olst & & st ool o8l GAls] A Fey it 6] o= 2 dE S
Aletr] AT A A, &) ool o] & o] AT A g = AL oy

WA, ol 714l (Arabidopsis thaliana) cDNAZ F-E] &}7] 3 19 7] A" A L4 2]
BHB 22-F ¥ BHB 22-R, BHB 20-F ¥ BHB 20-R, BHB 19-F ¥ BHB 19-R&
o]-&3to] T3 a4 A HHES F-3l pal(phenylalanine ammonia-lyase, A € ¥ &
17), 4cl(4-coumarate:CoA ligase, A AHT 18), ccr(cinnamoyl-CoA reductase,
MEAMT 5) FHAS A

S, i H A3t o 9Hd o 2 E sl Evbo] Al 2 w2 Bl 5 2 (Strepromyces
maritimus) pal §-1 A2 ¥ 3}7] 3% 19 7141 ¥ A< 2] BHB 31-F 2 BHB
31-RE o] &3to] Tdas AMRtES 52l pal A (HEHET 195 AU
Lok AEfEnlo]l Al 2 A gl Zh e} (Streptomyces coelicolor) F-7 A DNA (genomic

DNA)Z ¥ &}7] 3 190 7] A ¥l A4 2] BHB 21-F % BHB 21-R< ©]-&-35}¢]
STHEL ANTHEE T3 del FHAHALHE 3)E LA
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[96]
[97]

[98]
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BHB GCATCTAGAAACACAAACAAGGAAGGAAGAT| A EH T 7

19-F AAATGCACCACCACCACCACCACCACCACAT
GCCAGTCGACGTAGCC

BHB ATGCGCGGCCGCTTATCAAGACCCGATCTTAA| A EHT 8

19-R TGCCATTTTC

BHB GCATCTAGACCGAAATCAAAAGGAACACCAA |[A¥EHT 9

20-F CGTATGCACCACCACCACCACCACCACCACA
TGGCGCCACAAGAACAAG

BHB ATGCGCGGCCGCTTATCACAATCCATTTGCTA |[AE€HZ 10

20-R GTTTTGCCC

BHB GCATCTAGACGAATACCTGGAGGACCTAAAC |[AEHE 11

21-F AGTATGCACCACCACCACCACCACCACCACA
TGTTCCGCAGCGAGTAC

BHB ATGCGCGGCCGCTTATCATCGCGGCTCCCTGA | ¥ HIT 12

21-R GCT

BHB GCATCTAGACACCTTAAGGAGGTCTATCTTTC |[AEHZ 13

22-F ATATGCACCACCACCACCACCACCACCACAT
GGAGATTAACGGGGCAC

BHB ATGCGCGGCCGCTTATCAACATATTGGAATG | A€W 14

22-R GGAGCTCC

BHB GCATTCTAGACCCAACGAAGGGGGAACCACA [ A3 15

31-F CAATATGCACCACCACCACCACCACCACCAC
ACCTTCGTTATTGAACTGGATATGAATGTTAC
cC

BHB ATGCGCGGCCGCTTATCAGTGTGCTGCCACGG| A EHIE 16

31-R CTG
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991  [3E2]

Strain Relevant Characteristics

E. coli MG1655 F & ilvGrfb-50rph 1

E. coli BL21(DE3) F ompT gal dem lon hsdSg(rz- mg') A(DE3 [lacl lacUVS-T7
gene 1 ind1 sam7 ninS])

E. coli W3110 F & rph'1 INV(rrnD,rmE)

E. coli NST74 E. coli W3110 derivative (aroF aroG tyrR pheA pheAo)

Plasmid Relevant Characteristics

pET22b AmpR, T7 promoter

pTrc99a AmpR, trc promoter

pHB-101 pET22b derivative, Hisg-tagA. thaliana PAL

pHB-102 pET22b derivative, Hiss-tagA. thaliana 4CL

pHB-I03 pET22b derivative, Hisg-tagA. thaliana CCR

pHB-104 pET22b derivative, Hisg-tagS. maritimus PAL

pHB-I05 pET22b derivative, Hisg-tagS. coelicolor 4CL

pHB-PO1 pTrc99a derivative, FLAG-tag S. maritimus PAL, Hisg-tags.
coelicolor 4CL, and Hisg-tagA. thaliana CCR

[101] o] Ale] A o] £+= ¥ pHB-I01, pHB-102, pHB-103, pHB-104, ®=+= pHB-I05
WE = )4 7 MG1655S 73 HE 2 o 2 BL2I(DE3)o 82 A3k Al At
pHB-PO1 W E|= t)4 < o= NST74¢] 32 7H 3k A| 7 T

[102]

[103]  AA 9 2. PAL,4CL, CCR © %2 o] R g] A 7

[104]

[105] )4+ 75 BL21(DE3)3} NST74 755 2% ¥ 593 100 ug/mL
¢k 3] 2 & (ampicillin)-S- 3 38} LB (Luria-Bertani) Wl %] o] 3 &3} St} o] &
37°C, 200 rppm =71 0.2 12A] 7F 5 F vl gt 3, Al g LB Wl %] ol 1/100
Bk A0 2 F 593 271 02 0Dl 0.60) =23t w74
HH %%}EM

[106] BL21(DE3) = A o] Ak 918 25°C, 200 rpm &7 S & 304 IF

2] *O‘/\] 71 2 1 mM<] IPTG (isopropyl-B-D-thiogalactopyranoside)< 3 7} 5} Al
6Al 7t 5ot 7R M| F3FI T 3HA NST74 o 5°3= 37°C, 200 rpm =711 A 1
mM IPTGE #7Fg & vl &Fst it

[107] 23, A7) wiekel& 4°C, 6000 rpm 271 .2 105 St 9Pl
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[108]
[109]

[110]
[111]

[112
[113
[114
[115

[116]
[117]

[118]

[119]
[120]

13

e NS A A3 T 0] & B (50 mM potassium phosphate, 300 mM sodium
chloride, pH 7.0)= A & & (resuspension)d}al, Z= -3} A| 3 313 7] & o] &5} ¢
g sto] A E AN AAUATH o] T 7] A E AE = 4°C, 10000 rpm
2704 101 et A sk, e FEd s AUh

1%, 7] Al A e 0 2 HE IMAC (immobilized metal affinity
chromatography)& ©|-8-3}o] 8X 3] 2~ E|d Elf I (Histidine tag) & *| L 3L 3)+= PAL,
4CL, CCR @4 &3 A 83},

W a, 47] S8 el 45 0] RS 045 imO 2 E Y F F, ukel Y Bl
(binding buffer: 50 mM potassium phosphate, 300 mM sodium chloride, pH 7.0) =
A 2l € Talon® =<5 213} =4 ol 7hak3iet. o] %, 7] =4 & 10 mL2] Al A
H 3 (washing buffer: 50 mM potassium phosphate, 300 mM sodium chloride, 15 mM
imidazole, pH 7.0)Z Al # ¢+ = 1 mM 2] U4 B (elution buffer: 50 mM

potassium phosphate, 300 mM sodium chloride, 150 mM imidazole, pH 7.0)=
olgatel HEH o BuMAES 4t

23¥ ¢ 1. PAL, 4CL, CCR @] A o] A

71 A A S 129% (w/v) SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis)E ©]-& 3+ WA =] E ] (densitometry)
W 31 BSA (bovine serum albumin)E ©]-8-¢F - ©hil A g ek & F-3) 7 ghs)o]

5 39 YR AT

530 A QI M e 7] Aol AL, w91 14F-H 37X = o) 774 o PAL
a2 A A (total) -4, 558/ (soluble) -+, A F &2 (elution) F-+-0] 3L
22 44-H 671X = o) 714t 4CL & 49 total, soluble, 4 A 3= elution, @] <!
7H-E 974X 3= o) 71 &t CCR &4 9] total, soluble, 4 A 3 elution, @21 10-E
127} A= 2~ E g Enbo] Al 2~ mhe] E] - 22 PAL &4 9] total, soluble, 3 Al %
elution -5, 712] 32 9 Q) 133%-F] 15714 &= A~ E= Enlo] A 2 Al 8l Zhe} 4CL
F A4 9] total, soluble, 4 Al ¥ elution F4--& YR Al o] T},

ZF vhal ezl o] 57 713= of 7] At PAL-S 78 kDa (solid arrow), ol 7] o] 4CL-&
61kDa (dashed arrow), °ll 7]°4 T CCR-Z 37kDa (closed triangle), 2~ E 3] E v} o] A X~
2] B] 5 2 PAL-S 56kDa (open triangle), 2= E 8l Evjo] 4| 2 A 8] Zhe} 4CL-&
55kDa (open triangle) > 2 Y} E}L} PAL, 4CL, CCR W9 o] Z+-7} zF
A E A& glsT.

A2 mae] A B
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[121]

[122] 271 A A o) 20 4 A A8 PAL, 4CL, CCR A & 0] 314 8 4

H

o] jb-3-&

m i

[123] 4, PAL® &4 #2418 913e] 100 mM Tris-HCL, 0.2 mM 3| ' &ehd, A A g
PAL &4 200 ug/mLE HF-S-A| Z T}, B3 4CL 2 CCRE] B4 #2412 91514] 400
mM Tris-HCIL, 5 mM ATP, 5 mM 2 3}7} 14| (magnesium chloride), 0.3 mM
A A (Coenzyme A), 0.5 mM E W 2=-21'F 4 H(trans-cinnamate), 2 A A ¢t
4CL H CCR &4 747} 50 ug/mLA vh-g-A| 7T,

[124] 7] ¥H3-& 30 °Coll A 1A[1F &< 3 g 5 PAL & Aol o 8ff A | A4k
“12] 31 4CL¥ CCR &40 o8l AA ¥ Ald<tl]3}o] = (cinnamaldehyde) & &7
aAs NA A2 vE 1] 9] (reverse-phase high-performance liquid
chromatography, reverse-phase HPLC)E &-3ll 213} Sl T}, -4 4 © &, ZORBAX
Eclipse AAA Z & (150 X 4.6 mm; 3.5 um; Agilent, CA, USA)° A, o] 57 A
(mobile phase A)= 0.1% E 2] & F 2 2o} A EAL (trifluoroacetic acid), ©]5% B
(mobile phase B):= o} Al o] E 2 (acetonitrile) & AF8-31 %5 T}, o} M| Ev}o] EH
(acetonitrile) ] B & A& 13 F2 10%, 0|3 9% F 70% 2 HA4 o2
HAsHA T A 9] £ 5 40°C, 4% | mL/min @ =2 31783}l

[125] #5289 (standard solution; 1, 10, 50, 100, 200 mg/L cinnamate®} 0.41, 4.1, 41, 82,
136.7 mg/L cinnamaldehyde) & A}-836}o] 35344 (standard curve)&
2k 31 o o] & o] B8] HE A o7 A H Al'dAk(cinnamate, 5 49 CAE
E 7N} A'e-ekH) 8} o] = (cinnamaldehyde, 5 59 CADE %7)E 4 23} o).

[126]

[127) 1 A3, & 4ol Yebd A3 o], of 7]t -2l ¢ PALol 8]}

2 E B nlo] M| 2 vl Bl 5 2 (Streptomyces maritimus) -2 2] PALS] €4 o]
T Ao Z eyt e & 5ol VERG A o], ~E R Enfo] A~
mhe] B2 el o] 4CLat of 714 T fel o CCRe] 23H& AHS S A5,
W71 F-e o] 4CL# off 714 o) F-# & CCRE] & 3ol vl sfo] a4 &4 o]
$-3k 7l o & e

[128]

[129] A d 3, Al X 315 % 8] % (High-cell density cultivation)

[130]

[131] W #], R/2 semi-defined Wl %] (6.75 g/L potassium dihydrogen phosphate, 2 g/L.

ammonium phosphate dibasic, 0.85 g/L citric acid, 0.7 g/L. magnesium sulfate
heptahydrate, 5 mL/L trace metal solution (TMS; 10 g/L iron sulfate heptahydrate, 2.2
g/L zinc sulfate heptahydrate, 2 g/L. calcium chloride dehydrate, 1 g/L. copper sulfate
pentahydrate, 0.58 g/l manganese sulfate pentahydrate, 0.1 g/l ammonium
heptamolybdate tetrahydrate, 0.02 g/L sodium tetraborate decahydrate, pH 6.8)°]]
-3, pHB-PO1-E E3513h= o+t o5 NST74E 200 mL %2 = 37°C, 200
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[132]

[133]

[134]

[135]
[136]

[137]
[138]

[139]
[140]

[141]
[142]

[143]
[144]

15

rpmol| A 12A] 7+ & 91 vl 4F &} 3 o

1%, U A 1.8 Lol FES] F2 L GO 5L AV Aw vk ol A

s 5 v eFs Sl pH7Y 6.77RH.TF ol A = A 9ol 3= 50% (viv) EE. Yo}
(ammonia)E-, 6.86 1.T} =0} x| = 7 §-ol = ™ o] Hl| 4] (feeding solution) &
FTaolE Y. "ol MR 2= E35 ujA] 1 (complex feeding solution 1; 500 g/L.
glucose, 75 g/L yeast extract, 20 g/L. magnesium sulfate heptahydrate), 353+ Wl %] 2
(complex feeding solution 2; 500 g/L glucose, 100 g/L 7FA}H] 5=} (casamino acid), 20
g/L magnesium sulfate heptahydrate), Al §F ¥l %] 1 (defined feeding solution; 700 g/L
glucose, 20 g/L magnesium sulfate heptahydrate), == A| §F 1| %] 2 (defined feeding
solution; 500 g/L glucose, 20 g/L. magnesium sulfate heptahydrate, 0.81 g/L
phenylalanine) & A8}l T

5T 37°CE FAA AL, £ 2 (DO)T= 3 A& £ 5 (agitation rate) S
1000 rpm7}A] 25 A1 71 3 A a5 T3] 40% 2 5 A Al FH o 38t
2 %= (optical density, OD600)7} 600l = st A =, el (g a)ys A7 7]
A8 IPTG 1 mM & 58kt A S A A= B F 78 252 3583l

M Fer A = Al E R et 'K (OD600) 7} 471 B 55wk
W.obFof Wzl HAlo] o] akglch. M| Fele] AHEOLe 022 um HE|
(filter)3}o] S 314 5 N A A ZntE 18 3] (reverse-phase HPLC) ¥4 -2 53
Addsol = A ‘%‘Eoﬂ o]-& 3}t

W %= (OD600; open circle) 2} ©] o] U:P% Aldeld|sho] = 2] 5 % (CAD con.; closed
circle)E YEFATE H a1 A4 82 1.23 mg/LE Y EFST

L6 7] Hol WA &2 ot mX] 18 ARE S 5, AP B S 9 3t
20

78 7] wlo] w2 Bk wl A 25 ALEF T A B2 S48 Yo

W % (OD600; open circle) 2} ©] o] & Al slo] = 2] -5 5= (CAD con.; closed
circle) & Wb F 3L A 8- 1.98 mg/LE YEFET

58 A7) Hol vl A &= A g ui A 15 AR S F, AIRbe] H R 5748 38}
W % (OD600; open circle) 2} ©] o] & Al slo] = 2] -5 5= (CAD con.; closed
circle)E YEFATH #H31 A4F 82 0.71 mg/LE YEFSLTL

L9247 Hol mA| 2 Al v X 25 AR A ko) 2 S % 3o}
W %= (OD600; open circle) 2} ©] o] U?PE Alekd]slo] = o] 5% (CAD con.; closed
circle)E WEFI T H a1 A =852 1.05 mg/LE YEFST

s
™
>,
o
X

of

lo

p

o

o,

[e]

=
7144 Aol B34 A e A FeE A
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(7478 1]

[7d - 2]

[ 3]

[7d - 4]

(%% 5)

[ % 6]

[T 7]

[ % 8]

[+ 9]
[7d7-8 10]

74738} 11]

[7d -3} 12]

(7478 13]

17

2789

2 E g Enlo] M| 2 nha] Bl 5 2 (Streptomyces maritimus) -2 2] pal
(phenylalanine ammonia lyase) - A}, 22 E 31 Enfo] Al 2~ A 2] Zheh(
Streptomycescoelicolor) - 2] 4cl (4-coumarate:CoA ligase) 77 AF, 2

of| 714 th (Arabidopsis thaliana) -2} €] ccr (cinnamoyl Co-A reductase)
FRAAE e, Algddsto] = AARE e A E

A1akel Aol A,

A7 pal FAAE AAEAT 1 = EHT 198 BAH = 974D S
Zb= A0, 0 JHA E

Al13ol]l Aol A,

7] del FFAAE AU T 302 BAHE GUIAE S 2= 39, od
FHA E.

Al13ol]l Aol A,

A7 4el FFAARE M AHZT 47 FAH = o] Al A E 8 k=
w A g T eh= AR, U JHA E

A1gkel] A A,

7] cor SAAE AN T 53 A HE G7ADL 2= A9, 9
FHA E.
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do
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Glucose

Glucase

PEP E4P

J .
," . s
i e S
,’( ;; N

Phenylalanine  Cinnamic acid Cinnamoyl-CoA Cinnamaldehyde 4

[%2]
Xbal Nod
pHB-101 #11 A thalara Pl -
P His, tag
Xbal Nod
pHB-102 #L] N
Pr His, tag
Xbal Nof
pHB-I03 ‘L‘ L fialanaCCR__}-
P His, tag
Xbal Nof
pHB-104 #—H S matmusPAL_ -
Pr His, tag
Xbal Nof
pHB-105 ‘Ll S coaleaior il -
Pr His; fag

Neol EcoRl Not Xbal
oHB-P01 -mp S maimus AL} oveliordcL} A folaraCOR_}-
Py FLAG tag His; fag His, tag
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(kDa) M1 2 3 45 67 8 9 1011121314 15
50— | :
50— ;

CA conc. (mg/L)

A. thaliana PAL S. maritimus PAL
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CAD conc. (mg/L)

A. thaliana4CL+  S. coelicolor 4CL +
A. thaliana CCR A. thaliana CCR
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