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AR E = S8 A AR, ol 4t oA elrlo) = 13- 23 &
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3} 3. HPJ /\g%?ﬂﬂ /\g/\} o O#Eﬂ 7}7\] HLE]]F,]O]_oﬂ
3-HP AAF AR W38 aiAE9 f-3A F2E S Aoz
o] FolH}, A A o & WA+ (Escherichia coli), A A e} 7 F 1 ol

Klebsiella pneumoniae), 57552~ HlY E 2] 31| XF 2~ (Pseudomonas denitrificans)
Tol whelelolel] HAA 2242 B3 LAY By, AEY B FEAE
tlato] =ate o) =, F ] Al E v sto] =abH o] = Al 2/d 5} §. A< DhaB
reactivase "2 NAD+ 9] &4 @421 ed|glo] = v slo] Eeh x| v o] = 59
(& S35 3-HP A2to] ERIEATh E. coli W DUBGK 9} - R A 23
2] 739 484 7F F<H40g/L )4 2] 3-HPE AALe = o, 1ol o ®
3-HP A2t Z7FA 713 dloll o8] 20] ATt 53], 3-HP A2H& 9t kg
Algbo] x5 ol wret Ze] Al & ] sto] metE o] =, gl gtol =
tato]l=akA|ylo) =8} e A Eo] EHY A /Y A& o=
FARE] #EE T YA F teto] metE o] = 9] A4 o] A E = &
742 % 28 912 24k B A 3h(suicidal inactivation)ZHE ¥ A U Z v #-o] T}
ol S| Al Fell A 3-dfo] = FA| L 7 3] 22kt 5 o] = (3-HPA) & ©] &3} ¥h3-
RS AE Hstel =t ol 29 2R ARl FAMAS] B,7FH| 7S A o=
S A o2 o9 e v B E] M & AL AT} A3 u) Z R F )
HZoll = o] WY ol 714kg B2 A 35 93}l ol e 9 So] A m el o
(site-directed mutagenesis)E ©] 83} EA W o] M E t]slo]=lH o] = E
Natoich B Ed W]l mAEe] YH A MEAS THA = Ao R
GRIHF o} 7]E G40 v ushglg v a4 &Ado] AHd] FAE=
Ao = A E

F A Aole uhgAlo] & 117 ¢ 3-HPAY] EA] w0t} S8 A=
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A 22891, 8] 2B Yol 27 E A8k e-obn] 7] (NH3), A 23] =8 7] (-C-SH),
oW} 57] 9 e ofn it 47| £ 3 kg a4 o el A At
50| GEelwlo] B oo Felmo] fuE o] §3te] delsto] o] EAato]
We fas g e B 98 mo] o Foj g ok, A w9l
gl 17
o9} &e R BAGA FAZ A AeY] AT T2 ke AE W %ol
ool A= AR Bt BAL AL AR 5AE ASH 0w PG
Aole BB Fael VI AR TS THE 4 AT
oJgAoz AT olE fik BAE AR FAT 5 ATk 58 Wi b
A E o] o] el X7k A ¥ 3-HPe] 5 =7k ok AlE ] WA E A}
4ol Ahe AN A o) HaE ALH 0 WA= Hlo] Wz}
g o] A% A
714 A

By o] B4 & 3.5} o] E& A 3 2 3] 2-4h(3-hydroxypropionic acid, 3-HP) =

ih-3-5F= LysR @l d ko] A3t H-91 & F3}46}= 3-HP H+= ©] 9]
AR A ZEFEE Agehe el o
B kg o] thE E A2 3.3} 0] = E A & 2 3] 24H(3-hydroxypropionic acid, 3-HP)

4

£i= o] o] FARA ol Bh-g-8i= LysR W2 & 9 81 lysR 44}, 7] LysR

wWAske] A RS E3}etiE T2 2 wd 52 dd e aygshs
q

WA TPk 3-HP i o)) fAA WS A2 F FA e S E S

Wh-3-8h= LysR @l A 2o A3t 791 & L 3Heb= 3-HP 3= o] o FAMA 7=
EZ2WEE A FI)

T Bouhg & 7] 3-HP 1= o] 9] FrAA] A TR REHE ¥ 3=
Azs SNy, A7) Alzs SNy E Jad st A2 rAdE 2 AT
ANzg v A ES v eksliE 9 Al S 3= 3-HP A AHH S A 3o

S oy & 3.5} o] =& A 3 2 5] 2 2h(3-hydroxypropionic acid, 3-HP) B2i=
olo] FAFA ol WH-g3li= LysR W@ A8 I 5= lysR §-21#F, 7] LysR
vl Aol A%t LS Fitel= TR RE W uE Bz ghula s gusis
FAAE E39beh= 3-HP 1= o] o] AR BhgA A2 d f-34 2 T EE
A &3},

Tk Boubg & 7] 3-HP = o] 9] FrARA] HH-E A Al 2 g R A E
FTHHEE & , % 3}
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S Ee] QA el Ao} Q= AT I AR W Y] AzH ARG
Wl ats Gl B okl WA B duld AN A B e

3-3h0] £ %A X 23] 24kl o] WHo] fExi EEWE Al

el
=g
% o) % o] §8 3-3ho| EE A ZR 3] £ ake] AR H AEe] a5l oA

AEEH 0 3HP AN FHAY W FLBAL AL ARE FLES
A A 0 AU Alo] Ba g, R oY E e 9 2k,

denitriﬁcans)a H] gk of 2] n| A &ol| 4] 3-HPol| §H-&-3F= AL 24 A&

ERRVEHES 22993 A3, LysR @A 3 o] whf o] Agkslh= 54

FAA A7 LE o] Fol A & e Witk whebA, & g o] & 3-HP

i A 2=8E 3-HP AL A 25 2 deh=t a4 or AMEE 7 &
o= 7lthe

Hol g A

5 12 A A Eel A 2 3-HP 5 3HA) S} F A Al 3o 4 2] 3-HP & 3l(B)E

Ellit} TRy vy E 8 ) (P, denitrificans) ] 3-HP &3} 29 -& 9] &)

T3 2522 mmol/Le] 3-HPE W5 @49 F oA 0= F53h= M9

Hj 2] ol A\l FF o), =22 dl Y E 2] 3| ZE(P. denitrificans) 2] 3-HP -3
AE e 9l FA A EE 2522 mmol/Le] 3-HPE X 3hah= M9 1l %] o]l A
kst HE QAT 3-HPE 5 S0l tht = A= 10% ©l8h=
A AFE] ST} 71 % closed circle, 3-HP; semi-circle left, cell mass; cross, pH.

% 2% 3-HPO 5 7HA ALY 25 Uetilu (st F gkl A=), ofo]:
3-HPDH, 3-8} 0] =5-A] 3 2 5] @ Y| o] E t] &} o] = & A L} o} 4] (3-hydroxypropionate
dehydrogenase); 3-HIBDH, 3-3}0] =5 A o] A F-E| o] E
t] 5} o] = 2 Al t}o} Al (3-hydroxyisobutyrate dehydrogenase); MMSADH,

H @2yl o] E A1 g 3] = ] 8l o] = 2 Al t}o} Al (methylmalonate
semialdehyde dehydrogenase); HPCS, 3-3} 0] = 5-A] 3 22 3] 9 d-CoA
2+ & 4 (3-hydroxypropionyl-CoA synthetase).

532 FEF U2 Y E 2 I ZE2(P. denitrificans) ATCC13867¢1 41

3-sto| EF A Z 2 Y| o] E o] 3} {7 Aol tf & 4t 4 21 mRNA +F(A) B
Z7F al5=B)E YERA L (A) - = FE U2 vy E & 9] 222 (P. denitrificans) & 25
mmol/L 3-HP7} & 5 M9 vl 2] o] A -l ¥} & W 2 #}(grey bar) 3 3-HP &
glol M9 i = el A wlf @F &kl & w A Zh(black bar)E HHEFKITE (B) 3-HP & w0l
- mRNA 59| 2po| & F7F v <=2 vebdl A I(grey bar)E HHEFATE
mRNA 5 790l th g E5 A b= 10%0] 52 A1 E AT mRNA 752
rpoD FAAE 2 FAARE ARGt v L AT

5 4% mmsadh (F373) R 3hibdhIV (3] 4) A A44] & LpeRA T 3-HP ©] €]

3-3fo] E 5 A o] A~ 7-¥] ¥l ©] E(3-hydroxyisobutyrate; 3HIB),
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3-8} o] =& A 5-E] ¥] o] E(3-hydroxybutyrate; 3-HB), -2 (L-valine) 5%
-5 A (inducer) = 2F-8-3} 31 ¢}

5 5% 3hpdH F- A AH2] ¥Hel S Y ERITE 3-HP ©] 9]
3-8} o] =5 Al o] A~ -] F] ©] E(3-hydroxyisobutyrate; 3HIB),
3-8} o] =5 Al §-E] & o] E(3-hydroxybutyrate; 3-HB), L-%# (L-valine) 5 %=
-5 A (inducer) = 2F-8-3} 31 t}.

T 62 U2 Y EY I (P, denitrificans)l 4 3-HPO) 28] §- 55 =
ZRRE A 2§14 4D 725 YEFATH A mmsadh 2 3hibdh f-7 2}
e)aL o] fAAke] AALE 24 LysR @A (C4-LysR) -7 A} 1l 2] B.
3hpdh frAAFe} o] A4} AAME 24 shi= LysR @A (C3-LysR) 7419
ELESR

%7 C4 LysR e T2 W Eof O $k 4] A }o] ) C4-LysR (mmsR= 3£7])
mmsadh (mmsAZ 3% 7]) F-Z A} ALo] o]l &4 3F= 01 2 02 operator= 242+
mmsadh Z A} 7| A] A}o] E (transcription start site) 7] = 2.2 -58 2 -9 2] %] ||
EA8ES 3L 9 ¥ (inverted repeat) A €& 7FA AL 919t} O1, 02& A 8=
Wk (inverted repeat)©l] T gt #4172 7} TACGTGTAA A & o] HEx o] A3t

5= 8% LysR # & 8] A} 28 xpo] 247248 vt

59+ LysR W Ao 7] BEH opv] 4t A & veb T, o} 1| 14t
A= C4-LysRE T4 o =2 v A X th “12]1} DNA Z 3 = <1(DNA binding
domain)©] ) 7] A3} T v Q1 (substrate binding domain)ol| 4] H.& ¥ o] %4k
MALE &gl M AL 75 el = LysR @ Aol 5 A sHA| et

5 10 C-his tag C4-LysR 2] &3]l == (solubility) ¥-2] 2 9] 3} SDS-PAGE 2 7=
YebA T, AR 2 &2} 221] = (Chaperon plasmid) pG-KIES (A), pGro7 (B), pKJE7
(C), pG-Tf2 (D), pTf16 (B)y AF-&3k3lth. 772} A| 2 E. coli BL21 7+ LB
Hl =], 25°C el A v %] €131 0.1 mM IPTGE F- 5 (induction)3F & 44 7k &-&
12A] ZHA) 4= ZF(harvest)SF A UF F2 A 31423 = C4-LysR Wi 2 2 34.4 kDa2l
A7 E BoErh

118 A E C4-LysR ¥+ A 2] SDS- 2 Native-PAGE ¥4 2 7 = v} eblit],
(A) denaturing SDS-PAGEE & &+ A 4| 74 Lane 1 ©FA & (wild-type, crude); lane
2, (-)IPTG; lane 3, 4, 5, 7 & 247+ 54| 3 (cell-free), <87 (soluble),

B84 (insoluble) & A A| & & (purified fraction)e H.¢] =T}, Lane 6= T2
w}7] (marker) (B) Native PAGE +4]. Lane 8, 10, 12-& 2 v} (marker); Lane 9,
11, 13 > A C4-LysR @A 2 7}+7} 65, 220, 550 nM & 5= 2 2 (loading)

= 3ok

% 123 C4-LysR 55 2 3-HP7} C4-LysR ¥H A 1} = 2 WE] 119] 2] DNA
W (fragment) {F A el v %= G &S Hebd T (A) APl AFEH LR EE
2-2lo] DNA @ M F12+= 01, 025 25 ¥3§3)= v (fragment) ©] 3L
F12M-2 O1 operator, “12] 31 FIM2+ 02 operator 7+ 3 §F5}= W3 (fragment) ©] T},
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L3 FIM2M= 01, 027} 257 A A ¥ @i o)t} A g o] AL-&-¥ DNA i 9
Zoli= B5F 135 bpE TS (B) C4-LysR T A 1} 7 2 W E] 37-9] DNA
GA 7] AFS in vitroo| A ZAFE A 7] o) 7] 2] WA
(Electromobility Shift Assay, EMSA) 2 2}, 4t 9] Y (upper panel)<> 3-HP7} §1 &=
Z71e A, 18] a1 b 9 € (lower panel)-> 25 mM 2] 3-HP7} & A 8Fi= 2271 ¢l A
71945 0] 13 ¥ At} Lane 1-9: C4-LysR S 2 o] 5 55 32} F7HA 2 0RO,
0.36,0.73, 1.45,2.9, 5.8, 11.6, 14.5, 24.2 nM). Lane 10-15: C4-LysR ¥+ 2 9]
ERE T 2ol Aak F7HA T (0,29,5.8, 11,6, 14.5, 24.2 nM). Lane 16-21:
C4-LysR @A o] F w2 b5} o] A2k F7HAI 7T (0,29, 11.6, 24.2,72.7
nM). (C) C4-LysR W2 3} 3 2 wE] 319 DNA ©HH 2k2] A3 affinity ¥4 2
AeFA A3}, Affinity = 2] 44~ (dissociation constant, Kp), 5 A 2] DNA
A o] C4-LysR @A 1} Agat=t] Qg vlAe] ' FAEST

T 138 FER YA HYE 8 9 F2(P. denitrificans) ATCC13861 3 v} %3k
v &5 Abo) o] 3-HP ¥-3f 2ol £3H FAA Hae] Fxual AnE
= dul=g

%14 2 % 155 LysR 9 99l EZ 3% N-terminal HTHS] th5A Erlj ] &
YR TE C4-LysR(5 14), C3-LysR(% 15).

T 162 FEEYUA UY E G 3 2(P. denitrificans)©] 84S a4 2
KGSADHE #d-& 93] 7]t pUCPK'/PC3-gdrAB-dhaB, PC4-KGSADH
ZetAv =5 YERdTh

% 172 Pd A3hpdhA3hibdhIVA3hibdhI(pUCPK’/PC3-dhaB-gdrAB,
PC4-KGSADH) 7+ (01, 02 & 03)¢} Pd A3hpdhA3hibdhIVA3hibdhI(pUCPK’/
PC3-gdrAB-dhaB, PC4-KGSADH) 1 5(S1, 82 & $3)°ll 2|3t S FF 9} S84 &
25, A FEAZ, 3-HP A4, pH ¥ 3} 81 A2 YR THO1 & S1), 2941 =
28 (02 & S2), 25mg/L CoCl-6H,07} 1l &F Wi %] o] 7} (03 & $3), 12 pmol/L
FAAFQ) B127}F vl | 2] 2 F=715. 3hell 100mM ] 2] Al E-o] 714,

% 182 Pd A3hpdhA3hibdhIVA3hibdhI(pUCPK’/PC3-dhaB-gdrAB,
PC4-KGSADH) ¢} Pd A3hpdhA3hibdhIVA3hibdhI(pUCPK’/ PC3- gdrAB-dhaB,
PC4-KGSADH) 9| A| 3 s} 3f o} & o] &3k A ghe] & =] A& E5at 2
KGSADH®] H] &4 v A 35 vEbdith

5195 #712 vlol g oy el Qo] SeAlE, S FAY AR,
vlo] @ vl 2~ 9 3.-HP AJ4ko] Al gbel] wh2 W} A5 e (A) A& F Pd
A3hpdhA3hibdhIVA3hibdhI (pUCPK’/PC3-dhaB-gdrAB, PC4-KGSADH) (B) Pd
A3hpdhA3hibdhIVA3hibdhI (pUCPK’/PC3-gdrAB-dhaB, PC4-KGSADH).

o] AAE A A FH

oo, ¥ A5 3-HP A4t a0 HH S AEA O FA 57| 9154

3-HP ol 2] &} ¥& o] §-%=(induction)¥] 1= 5 0] 3+ F- A2} AA} L2 WE] Al 28-S
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H
3-HPS} Adtsl= A2 @A 3 o] o] Kol 4] 0 7 A= DNA
M AR o] FoA AT} B LAY AE S o] R WE] Al 28-S AF-§-519] DhaB,
GdrAB 2 KGSADHE #td 3l o 24 ] 4 &2 7H
3-8}o)| EEA] g2 3] 24k a1
g S kAT

FrARA ol BE--8h= LysR @ wpo] A7} 7915 ¥ 9}8h= 3-HP 3= ] 9
FAA A ZREEEE Al

TS 2 3-HP 1= o] o] FAM A ZREEE Edehs Al
HAME S Al g3 nhekA e, 7] 3-HP iz o) o] FA 54
ZRTE AF7bssH A E ol @ d S 28k wHAE U 29
T Ak B sk s =, 7] o A L A E
t] 5} o] =2} B ©] Z(glycerol dehydratase; DhaB), = &] Al & t]slo] =e}e| o] =

A 24 3} & A~ (DhaB reactivase; GdrAB) B a-#| E & FEFE A v ¢t sfo] =
3ho] =g} A Y] o] Z(a-ketoglutaric semialdehyde dehydrogenase; KGSADH)Y 5~

o}, ool Al @)= A& ohunt.
E R L ES A L E R PEE SR ES R P
g ek npgk el Al A7) v A RS 3 HP Vs S 7hd n A2l 5 Y,

]

B v sHAl = A7) A A B F Ry HY E 8 39 22 (Pseudomonas
denitrificans)d 5= 91 oW, B} ] v A &A= v ELS FER A
Y E 2] 3] 7k 2 (Pseudomonas denitrificans) v~ 4] 3-HP -3} o] & ¥ 3hpdh,
3hibdh 2 mmsadh A A7 AR H 7R U~ HY E 2] 3] 7F22(P. denitrificans)
A3hpdhA3hibdhIVA3hibdhl w5 = 3l &t o] ol | &k = A& o}t

R B S AV AT A E S vl Fets 9 Al S E£36hE 3-HP
A & Al gt
]2 3-3} 0] =5 A] 3 & 31] £ 4H(3-hydroxypropionic acid, 3-HP) ==
HES-814 LysR ¥ & 5 8hs IysR F-A4), 471 LysR

g Fehehs TREE e B aude agshs

O:

iy

o
o
do =

’

> e

Wi

= 1L

2 of
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=

g 2
i
ok
1z
f

Z e 3HP L o] o FAbA WA AT FAA BA ANES

P g
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ool b B
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F
fm o poh 20

M 7] 3-HP I o] o] FARA WA A2 A wA
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sz A2 wANE D ] ARG N2 A ARG
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—
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[39]

[40]
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7

g o] Eahiz vl itoke] FdAtel Al o 4] A7 A EE AN EE
SFA ] Al Al A st A = gl ok o]l Al NE S
S A FEol =13 459} FUd a2 A AL A st & Aol

Boatgo A g7] A2 A Sl JHHES S5A 2] 9 A A el
Ak o R = SR el AR H S ALE T 5 9lon,
o o 2= g ERuto]e] 2~ WE, ofd imulo] ] 2~ WE, o} d] - 3 vlo] 2]
e, & 23 2 Al S 2 vpo] e 2 B ZF Aufo] e~ W, dlE|ulo] ] 2 HE
Y= Hlvlol g 24 WE & o] &= W& & 5 ATh

gk, B o Y] A2 v Y ES W gEHE A E Eges vl B A
bl AP & A gheh vbE A sl =, ] A2 v A E S ek
GA = 3-HPE 7tk @Al E o £9e 4=l

ulekz) s A=, 7] LysR ¥ = 47| E2 T E = 3-HP 3l 52 71
MAEZREH Fe AY 5 Jow, 2ot upgA e =, ol AR HHE

Y E &) 3 2+ 2~ (Achromobacter denitrificans), ©FA] %= X2k 2x o} W] Y| (Acidovorax
avenae) subsp., O}A| 5= R 2 2 (Acidovorax sp.), ©FA Y| EHHE vF-9-7HU(
Acinetobacter baumannii), ol & ¥ 1} }o] = 2 & 2] ol (Aeromonas hydrophilia),

o} 1= vl 2] 8- (Agrobacterium sp.), &ZEE] A W] 2= 3 ZE 2] 2~ (Alcaligenes faecalis),
&7k B gk 3 el Al A 2~ (Alcanivorax hongdengensis), &He] Al 2] 2 & &~

)Y E 2] 3] k2~ (Alicycliphilus denitrificans), & el 2 X132 vl Y(Alteromonas
marina), o} ZEHEF Al 2x(Amycolatopsis sp.), SFoll &2 AWM v 32 A w2~ (
Anaeromyxobacter dehalogenans), o} 2~3 2 & B 22 &l A~ (Azospirillum
brasilense), o} E BHE] B Y] &t (Azotobacter vinelandii), H}-©] o & 7] o} Q1] 7
Beijerinckia indica), B.Z ] €l g} o}0] & (Bordetella avium), B &} T] 2} ZH] 2

A} 32 # (Bradyrhizobium japonicum), ¥ =12t 2] o} 1] 3} 2] oW(Burkholderia
ambifaria), 7} & 2] 232 2} o A| Y] B 2] o}(Catenulispora acidiphilia), 7+-& 2 9 (
Caulobacter sp.), 7F2~ @ e A g} v] 3 2} 12 A (Castellaniella defragrans),

3 2 7 ute 8] % H] 2 A = (Chromobacterium violaceum), =& X142~ o} & d|(
Collimonas arenae), TV} U2~ B 2~ & 2~ H| & Y (Comamonas testosteroni),

|yl ute] 2] v eboll & v Y 2 (Corynebacterium vitaeruminis), -3 2] o}H| ] 2=
Y| Vel (Cupriavidus necator), 71 W] “12}2 & 2<(Curvibacter gracilus), 2 3 E] o}
NN &= K & X (Delftia acidovorans), 3| 2] X1} 2~ v}d| o} 2] 7K Ferrimonas balearica),
= kAol e} Y E 2hE] 9] -4l 2x(Glaciecola nitratireducens), 31 2 % 1] o}

B 2 X ¢l 2~ (Gordonia bronchialis), 53 &} X] - A| 2~(Hahella chijuensis),

P2 W2 o B 7FEN Halomonas elongata), 3] 2 %] o} €] E#| o (Hirschia litorea),
o|t] @ vl Y(Idiomarina sp.), Z+E]l =B el 2] % 2] 8] ¥ (Janthinobacterium lividum
), 7| EFAFE 22 X 2} Al Eboll (Kitasatospora setae), T2 4| 2] o} &H| tH(Kutzneria
albida), ™| & 2 ¥V el| 2] = (Methylobacterium sp.), W & 2 A| 2~ E] 2x(Methylocystis sp.),

YK 223 318] E-(Novosphingobium sp.), .M Y B 12~ 221 2 =8| (Oceanimonas

s
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[42]

[43]

[44]

8

smirnovii), I} 2} 7 2~ (Paracoccus sp.), T8 vFE & 2l E] Bk 25 (
Parvibaculum lavamentivorans), ¥ d 2 ¥l 2] = TAR Al 2x(Phenylobacterium
kunshanensis), 3 & 9| 2] 5 7}l E & 4| T (Photobacterium gaetbuleda),
82 LUFE] Yl Al AL o 2 o} 4] Q ¥l A 22 (Polynucleobacter necessarius
asymbioticus), 77 5= L EHl Z XU 2~ FF K] = B 2H(Pseudoalteromonas
carrageenovora), 77 = "l 7] o} U oK (Pseudogulbenkianiasp.), 9+ %321 2=

dl Y E g] 1) F 2~ (Pseudomonas denitrificans) ATCC13867, 97 5= F. 1} 2~ T W {-Al(
Pseudomonas knackmussii), 575 %12~ 32 2 € A 2~ (Pseudomonas protegens),
TR Y 5 Q Al 2 (Pseudomonas fluorescens), 97 5 A E WL} 2 A5 2y
Pseudoxanthomonas spadix), AF©] A 2 ¥+ 5 d 3] 0] 7] 2~(Psychrobacter
phenylpyruvicus), & 2~ & 1 o} 222} E] 7H(Ralstonia oxalatica), & Snfo] 71 24| &
Q] 9 2] (Rhodomicrobium vannielli), A 719 2] 3} 2] 2~ 2 ¥ U X (Segniliparus
rotundus), Al 29l 2} 9 o) ¥l A| 2~(Shewanella oneidensis), A 1] 5] o}
o} 7} 2 B & 2 (Simiduia agarovorans), A x=2] 28] 2 2 2] 2 El(Sinorhizobium
meliloti), 2~ 34| % & 2 2 7| 3= €] 7 (Sphingobium chlorophenolicum),

S 1R 2 QL E] X (Sphingomonas wittichii), 228 31 Al 2 ek 2 A A 2(
Sphingopyxis alaskensis), Z~H| = E 2 ¥ P 1} 2 W& ) o(Stenotrophomonas
maltophilia), 2= E 3] Ew} o] Al 2 = 5 X X (Streptomyces nodosus), EFHE = 7] o
] T} df] o] (Tatlockia micdadei), EFe} A 2~3] 2 Al o} vl VLA 2x(Thalassospira
xiamenensis), Wl 2] & X 22 3} &}i5 A 2 (Variovorax paradoxus), ¥ 7] 4] 3 2 HHE]
of] o] M| Y oll( Verminephrobacter eiseniae), B] H. 2] . 3 Y Al (Vibrio furnissii),
FEUHE @ EE 23] 7 2 (Xanthobacter autotrophicus), & E S U2 7o A E g)(
Xanthomonas campestri) 2 & E 22 Q 2] Al (Xanthomonas oryzae)d 5+ ) 2.1},
ool A %513 AL btk

vhstA) s A=, 7] LysR Wl A& @ 2] ~ 83 2] ~(helix-turn-helix) 72 5=

o] Fo] % DNA®F A g k= N-'2 ek R, 3-HP H=5= o] o] f-ARA| &} A 3tsh=
C-adt =9l F LysR @2l o] 3hA| okg ol 7] o] o= C-Ed = Ql&
o}

EFF 5 9o, ol Ad

_\ﬂ
rr
Y,
rlo
. o,
v

B} v st =, 7] el 2-6-3 2] 2 (helix-turn-helix) 722 0] F0] 4]
DNASH Atz N-Bg EvQle A | iz D5 28 B4 H
ol A A D& 288 5= 9l a1, A} 7] 3-HP = o] 9] §-AFA ¢} Adlel=
C-2dt =9l H AME 307 A E = ol Al A F8)8) 4= gl o,
‘7] LysR &9 g slol] 7oA shE C-Ed EH QS A EHE 45
A= obl il A e EFT gl o, o] o AldhE = 2l opeh

71 MRS T WlA LR E 4ol 7] A "X = "Xaa"= 5 o] qtol
ofuje}, ojw] gt ofn| At 25 = 9l &5 o] gt} Bt v npgA et A=,
7] LysR @922 37 4 2 37 5] 7] A ¥l Genebank IDE 7} LysR @ ¢l 4=
R, ofof] A7 = A& oft

mN
s
o
2
]
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[45]

[40]

[47]

[48]

[49]

[50]

[51]

[52]
[53]

[54]
[55]
[56]
[57]
[58]

9

vhgbA s A=, 4 7] LysR Wil A 7o A3k H-9]5= LysR A
ol A (dimer)7F 270 AF e 4= dom, HAUT 5 U A A AHT 4302
o] Fo] X ol AElH o] = shub R FAE VI EE EFHE 5 AL, A
MEAHE 5 A DT 4308 o] Fox] wrof] JElgl o] = s} E A
71 LR o] Fo X AutE(Inverted Repeat) M & B o] o} -2 o] F1= Ak
A Fo] 2/ HHEE 4= 9l o} ofof Al gk = 1 oy T

Ho} a8 A3z, 4 7] LysR @il A vt o] A7t 329= AT 44 1=
MAME 4558 FAH = A7|ALE o] Fod 5= Q)

71 DA T 5 WA DA T 4390 7] AlE 'S 54 717 ok g, o w g
A7 = 23E 7 d5= v g

A7) AN T 44 T DT 455 FEEUS HU E ] ) 7k (
Pseudomonas denitrificans) ATCC13867°| 4 F-2 ¢+ 2 W E| ¢ 7] A Lo}

vpek A SHA =, A7) AR =
3-8} o] =5 Al o] A&~ 5-E] 9] ©] E(3-hydroxyisobutyrate; 3HIB) 1=

Sho] == A 7-E] ¥ ©] E(3-hydroxybutyrate; 3-HB) & = ] &1}, o]of] A g5 =

EJJ.;

¥ o] slo) X, "M s 2 EFAACE: SE DNAS| THE £7hE

]
o] b E i 22222 B4 5 DNARA-S o]y gk,
ol

Mo
(Z

rie

=
3=
Wio)A slold, e WEE H 49 Y A 5 53 A g
ThsEHA A" 59 AL ksl sl F4F 0l A4 sk A
Shi= Al 23 DNA 14
4 v g E3 5
= zZ

=
= Ex] O
AL T =

%

:l>

EAA 07 Q_—E)‘Lx% o] u]—m oa

4%
At 5‘9,

BN A /ﬂoaﬂ;,_ (A A3E A EE H) ARG

I

=
2RE TES S Y RE F247 ol A 1 oz

1] ¥ (ampicilin), 7FH7}Fo] Al (kanamycin), G418, & 2] 2.7} ©] 21 (Bleomycin),
o] ZrZn}o] 4l (hygromycin), & 2 & 3| Y Z-(chloramphenicol) 2} -2 g4 A
A %sz}ﬂ Ao, oo ¥ = A ofy ], FdAlel ol s Ads] AE

> O & o o® oo offf

éi‘.ﬂmﬁgmrﬁ]«u

1. A&
o} 7 & 2 ute] Y E & 3] Xk 2~ (Achromobacter denitrificans), ©F A Ul XM E
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BT (Acinetobacter baumannii)S Y15 T2 3= Sharu| Al & H S A H

KCCM e 2 H-H & 531t} ofA] L KB &2 o} Y| (Acidovorax avenae) subsp.,

o} 12 ¥he| 2] 2 (Agrobacterium sp.)< J_"EH'E} o 7ol tlEl A = gk v Al E
A4 A E] KCTCON A -ull & ek, hej Al &) E el 2 vy E 2] 9] 72 (

Alicycliphilus denitrificans), QFoll &8 2H¥FE] U] & 2 A W 2~ (Anaeromyxobacter

dehalogenans)7+ 5 X33 U2 = 5 U 2] DSMol A & 5313t

of o] & F. 1} 2 sfo] = & 3 g] ol (Aeromonas hydrophilia), 7% 5.1 2=

dlY E g] 1] k2~ (Pseudomonas denitrificans) ATCC138675 ¥}k th=2] 45+

1] 2] ATCCONA rull sF Qe Zefo] = A AR E(A &, §har)ol A

A5 T 3-HP= Y &0l =5 714 ©] Fal (TCI America, Portland, OR)®l A

TJEA T} AR FEE (Cat. 212750), EHE (Cat. 211705)- Difcool A

T-918F T} (Becton Dickinson; Franklin Lakes, NJ). 91 8}4] &2 W& et &2

U ghE Ao =g Ao A 15} T} (St. Louis, MO).

2. ZA AN X A2 3-HP 53} © FX A XA 2] 3-HP &3]

Shake flask 2! 812 250mL non-baffled 2}2FZ 2} 2~ = o] 30mLe] F-3 =
ZIE 7ol A &5 37°C, wHEE: 5 200rpm 27 02 5T R U
Y E 2] 3| Ik 22(P. denitrificans)©l 2] 3§ 3-HP & 3}ol| o &+ 2§12 250mL
non-baffled 2+ E]—/\EI_OH 30mLe] B2 JEE M9 HiA S Y1

2V 7lel A 25 37°C, W5 200rpm =71 02 F e 4 FE
i gFst] < 8 A}%f& MeFE M9 A o] 242 100mM 14 ¢hE&-< (pH
7.0), MgSO,-7H,0 0.25 g/L, NaCl 1.0 g/L, NH,C1 1.0 g/L, 3-HP 25 mM 2. & 3} U},

FAAE AL FETY2 Uy EY I ZE2(P. denitrificans) S E3F F
69 2] M| A& ol A 3-HP &3 ofl thall ol R 7] 2fal 3=l en, o]
AbgE HHE E obE 2 3 1ol YERA AT B4 AR E £Hlskr] # & 7%&%3011
whe} WA H o 743} ] A ol] 3-HPE 3 §}8}e] 250mL non-baffled
AHEEEk2s S0l 50mLe] 3] & FEhol %L$ 1l & 37°Ce A

o] Fol o, Al E 2 0D6007}1 1.5 A% ¥ 208 ) 5000rpmol]| A 10%- 53t
AL ste] A 2E 553t A4 A= 100mM 14 €589 (pH
7.0)= ©]8-3he] Al H ‘J T, AL hF& o qhell 3-HP 2542 mmol/LE ¥ il
AAES A A AF3 A E 55, A2 D A e 342 3-Hp F-3 29
Aol o] Fol Atk A 81z 3-HP 558 ZAFEHY] 98 7714 o & A H = At
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[64] [3£1]

Horgo) AL E 7

Genus |7 F vl 2] W |&7] T YA

No. <5 (=7

1 Achromobacter Nutrient medium 26°C  |Aerobic |[KCCM
denitrificans

2 Acidovorax Nutrient medium 25°C  |Aerobic |KCTC
avenaesubsp.
Acidovorax sp Tryptone soya broth 28°C |Aerobic [DSM

3 Acinetobacter Nutrient medium 30°C  |Aerobic |KCCM
baumannii

4 Aeromonas Nutrient medium 30°C  |Aerobic |ATCC
hydrophilia

5 Agrobacterium sp. |Nutrient medium 30°C  |Aerobic |KCTC

6 Alcaligenes Nutrient medium 30°C  |Aerobic |KCCM
faecalis

7 Alcanivorax Nutrient medium 26°C  |Aerobic |KCTC
hongdengensis

8 Alicycliphilus Nutrient medium 26°C |Aerobic [DSM
denitrificans

9 Alteromonas Marine broth 2216 (DIFCO 30°C [Aerobic [KCCM
marina 0791)

10 Amycolatopsis sp. |Nutrient medium 30°C  |Aerobic |KCTC

11 Anaeromyxobacter |R2A medium 28°C  |Microae |DSM
dehalogenans robic

12 Azospirillum Azospirillum medium 30°C  |Aerobic |KCCM
brasilense

13 Azotobacter Azotobacter medium 30°C  |Aerobic |KCCM
vinelandii

14 Beijerinckia indica |Beijerinckia medium 30°C |Aerobic |KCTC

15 Bordetella avium | Trypticase soy broth 37°C  |Aerobic |KCCM

16 Bradyrhizobium  |Rhizobium medium 26°C |Aerobic |[KCCM
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japonicum

17 Burkholderia Trypticase soy broth 28°C  |Aerobic [KCCM
ambifaria

18 Catenulispora Nutrient medium 30°C |Aerobic |[KCTC
acidiphilia

19 Caulobacter sp. Nutrient medium 30°C |Aerobic |KCTC

20 Castellaniella Nutrient medium 30°C |Aerobic |KCTC
defragrans

21 Chromobacterium |Nutrient medium 26°C  |Aerobic |ATCC
violaceum

22 Collimonas arenae |Nutrient medium with 5g/L 28°C  |Aerobic (DSM

NaCl

23 Comamonas Nutrient medium 30°C  |Aerobic |KCCM
testosteroni

24 Corynebacterium |Corynebacterium broth 30°C |Aerobic (KCCM
vitaeruminis

25 Cupriavidus Nutrient medium 26°C  |Aerobic |[KCCM
necator

26 Curvibacter Peptone, yeast extract with 30°C  |Aerobic |ATCC
gracilus magnesium sulfate

27 Delftia acidovorans |Nutrient medium 30°C  |Aerobic |KCTC

28 Ferrimonas Triple-sugar-iron 28°C  |Aerobic [KCTC
balearica medium(Difco)

29 Glaciecola Broth Medium Marine Broth  |25°C  |Aerobic |KCTC
nitratireducens 2216 (BD 279110)

30 Gordonia Trypticase soy broth 28°C  |Aerobic [KCCM
bronchialis

31 Hahella chijuensis |Nutrient medium 30°C |Aerobic |[KCTC

32 Halomonas Halomonas medium 30°C |Aerobic (KCCM
clongata

33 Hirschia litorea Nutrient medium 30°C |Aerobic |[KCTC

34 Idiomarina sp. Bactomarine broth(Difco 30°C  |Aerobic |[KCTC
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2216)
35 Janthinobacterium |Nutrient medium 25°C  |Aerobic [KCTC
lividum
36 Kitasatospora Nutrient medium 30°C  |Aerobic |KCTC
setae
37 Kutzneria albida  |Nutrient medium 30°C |Aerobic |KCTC
38 Methylobacterium |Nutrient medium 30°C |Aerobic |KCTC
sp.
39 Methylocystis sp.  |NMS medium for 28°C |Aerobic [ATCC
Methanotrophs with 20%
methane(v/v) in the air head
space
40 Novosphingobium |Nutrient medium 30°C  |Aerobic |[KCTC
sp.
41 Oceanimonas Marine Broth 2216 (BD 23°C  |Aerobic [ATCC
smirnovii 279110)
42 Paracoccus sp. Nutrient medium 30°C |Aerobic |[KCTC
43 Parvibaculum Peptone 10.0 g /L; NaCl 5.0 30°C |Aerobic [KCTC
lavamentivorans g/L; CaCl,H,0 0.1 g/L; Tween
80 10.0 g/L
44 Phenylobacterium |R2A medium 30°C |Aerobic |[KCTC
kunshanensis
45 Photobacterium Nutrient medium 30°C |Aerobic |[KCTC
gaetbuleda
46 Polynucleobacter |R2A medium 28°C  |Aerobic |DSM
necessarius
asymbioticus
47 Pseudoalteromona |Sea water yeast peptone broth |20°C  |Aerobic |[KCCM
s carrageenovora
48 Pseudogulbenkiani |Nutrient medium 37°C  |Aerobic |DSM
asp.
49 Pseudomonas Minimal medium 37°C  |Aerobic |[ATCC
denitrificans
ATCC13867
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Pseudomonas Nutrient medium 30°C  |Aerobic |DSM
knackmussii
Pseudomonas Nutrient medium 28°C  |Aerobic |DSM
protegens
Pseudomonas 1213 King medium B 28°C  |Aerobic [ATCC
fluorescens

50 Pseudoxanthomon |R2A medium 35°C  |Microae |KCTC
as spadix robic

51 Psychrobacter Trypticase soy broth 30°C |Aerobic |[ATCC
phenylpyruvicus

52 Ralstonia oxalatica |Nutrient medium 30°C  |Aerobic |KCCM

53 Rhodomicrobium |Nutrient medium 30°C  |Aerobic |KCTC
vannielli

54 Segniliparus Bacto Middle brook7H10 28°C  |Aerobic [DSM
rotundus medium(Difco 262710)

55 Shewanella Trypticase soy broth 30°C |Aerobic (ATCC
oneidensis

56 Simiduia Nutrient medium 30°C  |Aerobic |KCTC
agarovorans

57 Sinorhizobium Rhizobium medium 26°C  |Aerobic |KCCM
meliloti

58 Sphingobium Nutrient medium 30°C |Aerobic |[KCTC
chlorophenolicum

59 Sphingomonas Nutrient medium 30°C |Aerobic |[KCTC
wittichii

60 Sphingopyxis Nutrient medium 30°C  |Aerobic |[KCTC
alaskensis

61 Stenotrophomonas |Nutrient medium 30°C  [Aerobic [KCCM
maltophilia

62 Streptomyces Nutrient medium 30°C |Aerobic |[KCTC
nodosus

63 Tatlockia micdadei |BCYE (Buffered Charcoal 37°C |Microac |DSM

Yeast Extract) medium rophilic
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64 Thalassospira Nutrient medium 30°C  |Aerobic |[KCTC
xiamenensis

65 Variovoraxparadox |Nutrient medium 30°C  |Aerobic |KCTC
us

66 Verminephrobacter|R2A medium 28°C  |Aerobic [DSM
eiseniae

67 Vibrio furnissii Bactomarine broth(Difco 28°C [Aerobic |[KCCM

2216)

68 Xanthobacter Nutrient medium 30°C |Aerobic |KCCM
autotrophicus

69 Xanthomonas Nutrient medium 26°C  |Aerobic |[KCCM
campestri
Xanthomonas IFO medium 802 30°C  |Aerobic |KCCM
oryzae

3.RNA 5 R qHA S@aLE A4S
FER U2 Y E g 3 ZH2(P. denitrificans) ATCC 13567 1 1l &Foll &= M9

WA 7F ARG E o, 3 1] vER BHE A EE o] ul YFoll = 7 SRl whet
R R RS e R "PQ“E] AT} 3-HPel W& G &g ZAMS wlf = A Al v A
kel 25mMe] 3-HP7} A 7HE AT B& 5= N7 1oll A 25 37°C,
AR 200rpm 2 &2 S 7|4 Z31o] ¥ 5 Sfo] vk flom, w Al £}
A7)l mdskl & wl Al EE 5B Al o] Fol T EF 5x1080]
¥ 55 A 3 3 5 5000gol A 10 ot AR E ST WA E Al E
= A] RNA later 8<% (Ambion,, UK) 500 ul%g 22 ] & €5} 31 tF. RNAT total RNA
isolation kit (Macherey-Nagel, Germany) % 5% 3} %1 t}. 20 ul first-strand cDNA
S 918l 1 ug9l total RNAZF AR5 %1 2, cDNA 342 9 3l Invitrogen®l] A]
Zﬂ &5} SuperScript II first- strand synthesis system®] ©] 8% 1t}

XA SR A A2 WS> SYBR green stepE ©]-8319] One Real Time PCR
system (Applied Biosystems, USA) A0 &2 = E v}, G AAL FF a4
A kS ¢ 3k HH-S-< 20uLelli= 300ng cDNA, 10uL 2xPower SYBR Green PCR
Master Mix (Applied Biosystems, UK), Spmol of forward and reverse primers, DEPC
treated water7} E3HE Atk HHAL S AL AfHES % 20 e
o] A A3}t denaturation, 1 cycle of 95°C for 30 s; amplification, 40 cycles of
95°C for 15 s, 62°C for 30 s, and 72°C for 30 s. &G AA} T3 a4 A vHe&

35171 A A3 mRNA % 54 S 98] Aol AFgE 2ol a8

8FQl2 PCRS E-8l] o] Fo] % 2, mRNA 5= t)] ¢t relative quantification-
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AACT W58 ARg-8l AR A

4.LysR @ d ] F-Ax 2, &d A4k, &2 GA|

TR Y E g I (P demmﬁcans)/] A$- 3-HPE &) 3l=1)
ol )= 271 9] operon, < 3HPDH (©] 3} C3 A| 2~ &) 4 3HIBDH-IV (] 3} C4
Al 2~ehyo] E A5G 3L o] 5 2] HALE A EF= LysR @82 C3-LysR I}
C4-LysRo] & A3 th. o] 5 C4-LysRell tato] oz Aik& A| =3t GiTt E.
coli BL21 (DE3)Z &F(hosH) & 18] 3L ZgtAv = 229, 4] 5 aA=
E. coli Topl0< AF-8-3F 3 T C4 LysR §-Z A}& P. denitrificans genome 1] 4|
PCR = Z-Z3}o] pET30b(+) X &}~ Zof] 2243 3 E. coli Topl0ol o]
% 7] A A (sequence)S 2213}l E. coli BL21 (DE3)ell Yoot} v a A =
Aaf C-LeH(C-terminus) 9 ol His tagS o] At} LysR T2 S 844 o]
N 3= Z=8- A (soluble) & B 2 2313} 7] 913l pG-KIES, pGRO7, pG-TE2, pTF-16 ‘&
o] & AR & &2} 221 = (chaperone plasmid) €} gH7| co-expression A 7 T}
A 2] 2= 7hupvfo] Al (kanamycin), £ = %3 1 F-(chloramphenicol),
L-o} 28] 3= @ 2~ (L-arabinose) 5-©] 243| X314 LB WA & AME-31%1 31 5714
Z70 A Mttt A5 5E7E0.6 ODO o] 258 o 0.1 mM<] IPTGE
F7Fsto] LysR whold o abg F sl ezl of =840 Ual S flal o 2
Hj| oF 574 S AES T HE A 0= 25°C, 150 rpm ol A 104] 7+ w1l %513 T

QA F- ko] A a1 100 mM (pH 7) 14t 9h5 I (buffer) 0. 2 =2

M2 g 3 A3t ¢ J(binding bufffer)oll A A 7] 31 French Press 2
et o] F vhAl FAR skl LW vl gty A EE A 718
%oul"%—ﬁr% Ni-affinity column<- ©]-8-3}o] A A8} %t} o] 2 20%
= F(glycerol) -8 <ol A 80°Ceol] B3} t}.

5.invitro ZZ A @ HF-DNA 23 ZALE 1 A7 F ol FAE ¥
Z A (Electrophoretic Mobility Shift Assay; EMSA)

2] 8k C4-LysR #F 2 R E H-9] 2] A3hE in vitro ol A 17-317] 913814
Z 2R E 99 DNA W@ (fragment) S HA A THE 7). 3 7HA] &2
A (fragment) 2 4 3F3 =] A A, C4-LysR -7 A2} mmsadh -7 A} Alo]
Z1 Al DNA @3 (fragment) & 2 A ALZ2A T 2l o] 2 $H(binding) $Fa1 o ¥ =
01 ¥ 02 operator 2711 7} B E 3+ 7 (F122 © W), =4, Ol operator & %F
FE 3= WA (fragment) (F12M 2.2 1), A A, O2 operator -7t 3316} =
¥ (fragment) (FIM2E 8 1) 5o| 3 th EMSA A 32 Invitrogen AF4] Molecular
Probes Fluorescence-based Mobility Shift Assay kit (fluorescence-EMSA)E
ALg-sto] e E A}, WA 22 R E] 9] DNA W (fragment)S glass fiber
column & = A st 2 A3} ¢k N (binding buffer)ol| A “J Al| $F LysR ¢ 1) 2 2}
238t 3041t Aol A HES A ZA T, ©]F 6% non-denaturing polyacrylamide
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geloll 2 (loading) 3+ ¥ 3047+ 220 Vol A pH 82] TBE £+ < (buffer)l] A]
SR, o] F gel s fixing 3+ F DNA bandE £+213}7] 213l SYBR Green
EMSA= $3 A (staining) &} 3L gel documentation system (Bio-Rad)Z band intensity =
AeFsl g oh. vl A5 723t 7-9- DNA-protein bandZ SYPRO Ruby EMSA

BN o =2 ¢ A(staining) 3T

6. &4

A E 5557 10mm 4 o] & 7HA] &= FHl& o] A
20, Perkin-Elmer, Norwalk, CT)Z =439t 3-HP 5 5+

HASNA T ZrE 18 3 (HPLC)E Ab-g3te] =781 th(Raj et al, 2008).
HPLC %418 98] 2|3 3 A 3= 10,000xg 2 105 S AR S o A%
HAES A ASHAL, tuffryn W H & 91 Z | (Acrodisc; Pall Life Sciences, Port
Washington, NY)E AR&3to] A5 Qbol] ol Qli= Al 25 A 7] sfo] FH| 5 it
HPLC 4] o] A% 7% -& 300 mm x 7.8 mm Aminex HPX-87H (Bio-Rad,
USA)E 65°Co A 2.5mmol/L 2] H,S0,Z o] 54 0 & AL-&3} %t}

F

o
ol
ok

o] A F3333 5 7] (Lambda

an)

ll

S
s

o

[¢]

|

7. 23}

D) TRV UY E g I ZE2(P. denitrificans)© A 3-HP 54 X 2 W E 2
E A

3-3fo] EH A Z R 3] 24k } S oA Aol EA8HA] = B 81 %f’r—,

ErA 7| A 2499 ARgoly A= a4 Wafloll g Baivh A9 glok H 2, &
W 2 52 R U2 UY E 8 I ZE (P, denitrificans)?} A7 2 8] A%
“FEfoll A 3-HPE W= A E-afishi= A& wast ik Al A4 ¢t m ey
Y E &) 3] 22 (P. denitrificans)= 3-HPE W5 B 490 oy x| o & ALE-3F
T AJ T (5 1A). A E7F 38 A] = Bl E RV 2 HY E] 9 72
P. denitrificans)= 3-HPE 2= &4 8o 35l 548 R o= tH(& 1B).
A= o14 0 2 3-HPO] Wl A AR S 4skd AR E o] &gt
Al A YTk 2). FAA A 7 A AR E 2] A 2R A R o8t
AL ¥4 S B8 U2 Uy E 8 I ZE2(P. denitrificans)©l 4] 3-HP2]
A= A A RS ol goteE A o® FPER o] AR Ed

3-slo] EH A Z 23] @ Y| o] ] = v o] =& 4] v| o] Z=(3HPDH) ¢} (M &)
22 | o] E_A| ] &3l o] = U] Bfo] = 2 A Y| o] = (MMSADH) & 34 ¥ = F
HA7F A44 07 3-HPE v g H 2 Y|o| E Av|du|sto] =&, e vd
TR Yol E A dHsto] =& ofAE-CoAR A E}(E 2). 3HPDH 2] ] &=
3-HP 2 H] 28 3-5lo] =5 AL el o 7 = Ao ®E FAHEE oy 7HA]

3-sto| = Al R o] E vl sto| ER2 A Y| o] 27} r E R Hl U E ] 3] 72 (P.
denitrificans)°| A 221 ¥ 1t} 3-HPoll thel] BAE 7HA] = o8 7H4] 34059
W o] 3-HPE Q138 =] A o A& 7FeAd o] ATt 3-HP o] 3} 2}-&

i
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FAAER =AY A 7FA 5-H 2 3hpdh, 3hibdhIV, mmsadh)®] mRNA =32
RT-PCR< 53] Bl alap Qi th( & 3). o] ul] Al 1w} )12} 708 & 3)abm ah&
AR L3 rpoDE FE FHAAR ARG TE L 23 S F A% 3-HP
Halle] Ad gttt 45 o] & fHAE o W o] 3-HP| o] sfo] 413
Z7teh= Ao g B EAT. A E71 3-HPol =% 5 A2 v 3hpdhe] 73-$- 461
Z7Vaks 2, 3hibdhIVi= 1464, mmsadh’= 1378 7}2] 71813t} o] 9f 72
S AR5 Abgk 2 AL 3.gpol & FAAEY TRERE ISR = AR
A 5 2l

3hpdh, 3hibdhIV, mmsadh F7 AF 2] H& o] 3-HPS} H] =g 7| & 2h= ey
TEAoR e e g FEFE bl thato] ARSI TH =4 R =
5). °| & A= B 3-HP, 3-8} 0] =5 A 0] 4= 43-E] 7] ©] E(3-hydroxyisobutyrate;
3HIB), 3-3} 0] == A 7-E] & ©] E(3-hydroxybutyrate; 3-HB)ol| 2] 3l 5-3©|
FEE 9t 18 A Aklactic acid), ©F Al E 4 (acetic acid), 32 = 3] 24H(propionic
acid), 1,3-2Z = ] E(1,3-propanediol), 2,3-1- ¥ ] &(2,3-butandiol) ¢l 2] 34 =
T Eo] Fi¥ A skt 5ol A = L-dl (L-valine)oll 2] &l F-30]
5 3= o] LU ¥ (L-valine)©] thALE] 3= 7} o] 3-HIBE H $1¥] 7]
=2l Ao = F G WAt o] &= v Fo] HAF 24 W & 3-HP, 3-HIB, 3-HB
ol oA o kel Ao R Ay A

(2) 3-HP 1 =4 FA2 TE A2 4

LysR 3" €] 71 A} 24 Z}(LysR-type transcriptional regulators; LTTRs)= W &8
st gl Yol Aol 2L o3} & 2As: A BAAAR LA
QulA 0 B [ TTRsE o+ 3 3}5}= A A= wrak= 3132 Ko Aedd 84 %)
ko] ol A s A e Pl H8e 2 AW 3 HP Hal ARE
T8t A FEEV2 AU E I 72 (P. denitrificans) ] 3HPDH %
SHIBDH-IVO) 28] @ | &2] 404} 7% ¥4]0] o] 0] 21}, 2 29} 3-HP

Bl §AAE ] 9% Lo LTTRs7} B 538 G A |2 96t e

w3 FAAES] W o] Lysk el o] 92 74 & eIt
5744 9= lysR 75 Ak9} LysR & (0] 5}, C4 3} 5H= ?1 3-hydroxyisobutyrate
dehydrogenase -2 2} 2} A 3= LysRS C4-LysR, 18] 31 C3 33591 3-HP
dehydrogenase2] -7 }9} Z 318} = LysR-S C3-LysR o] 2} A 3ol 2] &
A7} 24 ¥ = §- A A} (mmsadh, 3hibdh4, 3hpdh) = A 2 HE] ¥ =
orientation & | X8}l 31, 5 7HA] 578 A3 9l 5, BEH T-N1I-A

B X E 71A] &= 242 319 X (regulatory binding site; RS)2} 35 RNA 53 &4
2 91 A (-35 RNA polymerase binding site) = #1 ©l] 1= 243439 ] (activation
binding site; AS)7F 21 E| AT (12 6). T3 ©] 5 RS R AS+= LysR ¥l =
coding 3h= F2F2] 10, -35 9] £} A & overlap 5 = 3l o] &RI1E AT} o] &2
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19

1] 0 JysR -2 A}2] v & 2HE-Q] LysRell 9] &l © Al (repression) ¥ = A 0.2
#4550

P. denitrificans®l] &4 3}= C4 LysR f-%= XZ 2 2 o] tslo] 2t} 2} At
A& A8 T LysR A AH9F mmsadh -7 2F Aol o]l & A)15H= 01 2 02
operatori= 232} mmsadh Z A} 7| Al A}o] E (transcription start site) 7] = . 2 -58 X
-9 Y Aol E AR L HHEE(inverted repeat) Al 22 7FA] AL A A THEE 7).
I Wk (inverted repeat) A & -2 palindromic 12 4 3 A 3 2] operator -] o]
& Uetu HAbzd el o ARkt 7 fvkar el A ol 01 2 02
site®] A ] = 2F 50 bp A L=o] ™ 1443 DNA 58F ol 3l &8l 2L 2 LysR
o] 01,02 F-9lo AT v Z& Waold AT A= Hle=w
A} 01 site®] 3+ Hdyad)S 15bp 78] S FL 9709 972 74 ¥ =1
2] 17] 2] mismatch THe] 1o} A L E 2 ) & 4] (symmetrical)©] &= A2 & 5~
A AT} HEAE 02 site 2] ¥ (inverted repeat) Al D> & A 9 bp A HEE-E] o]
TAE 5 1 Abo] IFA L 11 bpE U4 3t 971 F 671 7F mismatch A
A= A (symmetry) 4 55 9F5FSI ) g 01, 02 operatordl] &4 3F= 471 <]
palindromic fragment®] “J-& 4 S ZAME A3 TACGTGTAA = YEFSE O 3,4,
S5H YA 9] A7 (2 X)) EE fragment oA BEEHO] Q91512,8 W
A o] A71(L =)= 370 9] fragmentoll A B.EH o] QlojA] o] & 47| 7} C4 LysR
chl A o] Aol S g e sk Ao R FAHI

01, 02 operator7} C4-LysR @92 Al 314 7} mmsadh & of] v %] = &
A 3] 33kl A (green fluorescent Protein; GFP)E 2] 3 B (reporter) = A}-8-3}¢]
ZAYSFITH(EE 2). 3 2001413 C4-LysR @2 2 01, 02 operator7} C4-LysR 2
mmsadh T o) v X]= ¢ FE HELA T GFPe| Adth 4| 7] 3-HP F A4 A
oA & (wildtype) ¥} B] il &Fo] 3EA| 8} T C4-LysR Tl A & o} of] &2 514
A A4 3Z 2 FE(constitutive promoter)©l] 2] 5] A4 == 5191 a1
GFP2] d-& 01, 02 operatorE ZH= ¥ 2l 2] 32 2 X E{ (promoter)°l 2] 3
ZAHEE ZeA0| = (plasmid)E THE AL o] 8221 = (plasmid)E C4-LysR 7}
mmsadh AFo] o] F-Z 2} 7F A A ¥ P, denitrificans <30l AF Y sho] A ¥ &
2185}t GFPL] a2 C4-LysR Tl zpalof o &) o Al ¥ qdch. =
C4-LysRo] 23 d wj GFP &l 10W)] o] ZrAE At} Egh o] Wbl 242
3-HPO| &4 5o A glo] AAsHA Uetstth. o] & E3te] C4-LysR
mRNA 9| A= C4-LysR w2 o] o] &l 54 2] & 2 (negative) 4 Fth= 31
¢k 4= 9l o] A¥-2 01, 02 operatorE ¢ 2] 5% (randomize) 3} o &
2 (symmetrical dyad)©] §lo] A =5 g+ 3Z 2 ¥ E (promoter) & ©|-&5}¢]
HHE ¥ v}, 71 4 3} O19] Y O2 operator 91 71 4 ] % (randomize) ¥ &
745~ GFPe| &l o] C4-LysR whulzl o] o sl 24 5 %] &= 31 0 =& Yepytit}. o]
A 7} P. denitrficans 375 W ol 4] C4-LysR @922 z}7] 24l o 2] 5]
/34 0 E (negative) Al o] F = 41 & Ho]Fr)
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[89]
[90]

[91]

[92]
[93]

[94]
[95]
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20

SFH mmsadh -7 A} @& of] 1] X] = O1, 02 operator2] 4 &= H] 5= He
ZAFFSI T = C4-LysR w822 3FA] 2] © 2 (constitutive) 2 & ¥ =5 3}41 Ol,
02 ZEFE 5 zh= T2 W F o GFP7} X35 St Av| =8
A Zshel e, 18] AL oWl 01 -2 02 site2] th A - (symmetrical dyad)©]

EiE) i%(randomize) ¥ L5 O1 2+ 02 operatorE ¥ 19 o] (mutation) A] 7 T}
124701, 52 02 #9171 & ¥ o] (mutation) ® 74 -5~ 3-HPel ] &

7 AH(transcription) 7} /@ 3= A (upregulation) = @/go] §lol At} = 01, 02
operator 2.7 3-HPel| 2] 3l & o] 4}k 4 (upregulation) %] %= 5 &}+=H|

4R 9= seolt), o] 4] B 3 2 ¥ E (promoter)i= O1, O2 operator
EA|7F HEE Al E Q6 3T 2 W E (promoter) 2H= A 0] Ya] A T}
[3£2]
Genes 3-HP wildtype |AC4-LysR |O1 02 01 & 02
tested! addition? mutation® |mutation® [mutation3
C4-LysR |w/o3-HP |1 10 10 1 10
w 3-HP 1 10 10 1 10
mmsadh |w/o 3-HP |1 3 3 3 3
w 3-HP 55 3 3 3 3
1] £ 8 @A 2 GFP7F AFE- ¥ 91t} = C4-LysR ©] 4 mmsadh ¢] %] ¢l GFP
FAAE YD FepaE g ALE AT,
23.HPE 25 mM &5 Yo £t
301, 025 ¢ 9] 5% (randomize) 3 74 -§- C4-LysR-2 oF &} %] 7+

A A O = (constitutive) & %] =

2 wE 2 Ageks

DNA 23t =21 (heslix-turn-gelix motif) ! N-terminal,

terminal, ~1 2] a1

QEETE LR

% 7 (linker) 2 ©] ] 4]

=
A= Aoz deA g U} LysR @942 homodimerE &4 8fo] 212} RS}

714 4 JEﬂﬂ LOL

ASell A, 2

LysR w4z o] A et

RS 5

A%}

FEAEL

TZEW

A& wethal g A a
o Ao

& - AHeffector molecule) (& g 2] 739 3-HP)©| Z+7}+2]
749- 5 70 2] LTTR ©|3+A (dimer) Alo] ol ©hulal a2
of 2] &l LTTR®| AF&A) (tetramer)E & A4 314 ¥ a2 o] o] LysR¥}
$FDNAC] 124 W35 A o7t} LTTIR AFHA o] 544 o= A dteh=
SR \:}uﬂ;d,] ;sz% H:]:GJ_E o]:7] ]
A A T5 4 25 RNA

AT 8)

3L o]©] promoter region DNA ]
=38 A 7F Z 2 B E (promoter)©l] 2 3}l

2 T}50) 13 9= C4-LysR WH Aol tha) TRE

DNA 23} 5191 (helix-turn-helix motif) Q] N-2%H(terminal),
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[97]

[98]
[99]
[100]

21
714 A% £ Q19 C-E(terminal), 18] 3L 0] ES A A 5= 9 A (linken) &
gFelal 4= T 9). DNA 23} S| Q1 ol &= Thr-31, Arg-34, Glu-40, 12| 31

Leu-47 & 471 9] o}n| iibo] A A Q1 1 3h& af= A& apotE oL, 7|4
A3} v ¢l (substrate binding domain)®l| A = 3-HP<} 2 3t8}=d| 5.2 %t
ofn| e at3 o) A A Soll F o e §Fi= ofn| et 5o B A
o]F 3-HP9} A§sli=d 2.3 9 3e 3= of v k2 Asp-159, Thr-160,
Pro-237 71¢] 21 Phe-239 S 0|31 o] A A ol 523 IS 3=
oln] A& Ala-60, Gly-91, Arg-94, Pro-118, Glu-137 ‘50|l t}. £3] o]
ol T3 J&E k= obv| e AHE - Pro-118F Al 9] 8taL W5 T
A A8t

LysR @z o] Az Q1AQ1A] gelatr] 912l €3 X C4 LysR @&
o} 5 3} 6h= - A AFE P. denitrficans &9 A Aol A A 7 8L AAF 24 EH =
-2 A} (mmsadh, 3hibdhIV, 3hpdh)2] AA} f-5 o 75 ZALSFSITF WA C4 LysR
FAATE A A RS - 3-HP] E A o] o] #A ¢l o] mmsadh, 3hibdhIV
FrAaAe] W& whok i 3-HPE W olFo]l i i o] ol ¥ %] eFkvh. Bk C3
LysR 227} Al A 5 94 -& 79 3hpdh £ #F2] W o] 3-HP2] ] 7)ol 2] &
THE A okrh Wb C3 LysR F-& C4 LysiR 3727 A7 € 50l o] &
FAAE AN EE o] &ato] A WAAAFAS vl(Ed A9,
complementation experiment), OFA F =2} -2 =T O 2 3-HPol| o] ¢t g FF
& Alo] thA] 3] E5 ¥ Q). o] & =48] €3 LysR 2 C4 LysR ¥l A o] A Eujj ol A
77} mmsadh, 3hibdhIV 2 3hpdh -7 #}2] W& & A o sfi= AALZA

O G = A~
WA QS FR1E 4= AT

tlo |

%

# 34
.l

2 A

4

oy

(3) C4-LysR @2 7} 01, O2 operator 79 2] AFH5 Aol tf ¢ in vitro A}
C4-LysR ¥4 2] in vitro 54 ZAFS 98] ¢ 2etol] 3] ~El Y B Z(histidine
tag)E 2= C4-LysR @ A & ot ol A AAkstar A Aol vk »14] ¢ 2k at
N @ehol] His Tage © 3 &4 A58k B d(complementation) 4 -2 %18 5} $l T},

1 A3 F 79 EF His tags 284 &5 oFA) @ (wildtype) LysR 7 & g
A& BT} opebA F 7HA] Al Z 3 (recombinant) LysR -l 4 C-His tag
LysR & T o & A 3}5} 4] (biochemical) 2 912 X1 337 = ATt

A} Z F(recombinant) LysR-> t &= ol A o 734 &84 (insoluble) & B &
W E Aok d 231 5, pH, WA 24, IPTG -5 5)°ll thape] A g

Z| %] 3} (optimization) 2! g o] X1 =] oI}, Lok Z+E ARy & vl A (chaperon
protein)®] G &%= AL vk 1 A} v A v 2521 25°C, 71831 0.1 M
IPTG, LB W], GroEL-ES AF¥| & (chaperon) &% W& 27104 A g0 & a3t
A5 9] =84 (soluble) C4-LysR-S thahat © 2 e A48k = o) A vh(E 10).
T e @A S SDS-PAGES 53l 821813 th. C4-LysRe| =17]+= 2F 33
kDa & & FHE QL o] = FHA AV 2P o S5¥ AV e & A sh=

>
e
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[101]

[102]

22
A o]t} & native gel electrophoresisE A ¢ 2 7} @l A o] 57} -8
95290 ol 4 o] FAdimenF A= A &% 5 UATCE 11

F AR A %3 C4-LysR¥}F Z 25 E DNAS 233 EMSA 4
ZAFSFATHE 12). ©] & $15Fe] 37}1%] DNA ¥ (fragment)S 34 3131 T} F12
(135 bp) = C4-Lys®} mmsadh F-7 2} ALo] A A 3Z 2 ¥ B 2] (promoter region)=
01, O2 operatorE X7 X 3}15}1= DNA 3 (fragment); F12M (135 bp) = O1
operator 79| (region) T+ 3£ §}5}= DNA @ (fragment); 12 31 FIM2 (135 bp)i=
02 operator 9] (region) T+ 3£ 3} 5}= DNA T (fragment) ©] 1 T},

t] Z " (control) 2. 2 17} 2] & (fragment) S 3/ 31o] AFE-51%l =] o] &2
F12¢} A gt 7715 7FA AL 9L 21} 01, 02 9] (region) 7} B

Q] o] =% (randomize) ¥ ©] palindrome %5 2EA] ¢ =5 A 2% ©H (fragment)
o] 21 t}. C4-LysR ¥+ A S DNA ¥#H (fragment) (F12, F12M, FIM2)$} ¥F-&-A] A
2 7] %S A A3 A7} DNA @3 (fragment) 2] ©] &4 (mobility)©] 74 &=
Aol FEAEH AT 12). ©]i= C4-LysR T2 o] in vitro =71 ol 4 ©] 5 DNA
(fragment) @} A gk} = Szo| T}, o] & ¢ o] 54 (mobility) 2] A+ ="
(control fragment)©l| A = 2% %] &It} = C4-LysR I} DNA
(fragment)Z}2] 232 DNA @ (fragment)2] G714 2, B} A el Al =
1, O2 operator 4] & (sequence)®] o oF 7}5 3= 50| th 3E
(fragment) Z°| A F127} 7} LysR @ 2 of] o s}o] 7 8} S (affinity) 7}
31, Thg-o] F12M, FIM2 0] 91 th EMASA 4 3-8 3-HP7} & Al 8h=
|4 w531t} 3-HPS] E 4 = 2 3} 5 (affinity) S W 3} A] At} F129])

= 33} (affinity) Z A L, F12] 7 -l = 719 W37 il ar,
A F23= 213} 5 (affinity) 7} 23] & thA 7 AskE Ao & YEebs

F127} F12M -2 FIM2 @ (fragment)©l] H] 3l -2 313} 5 (affinity) &
Zk=th= 1 LsyR @2 2] 01, 02 A3 o] ME A=
3 Z 4 (cooperative)©] = A& 2] v] gk}, =5, 218} X (affinity) 7} -2 O1 site©]]
LysR @i o] A g sl 02 site 28-S F31 gtk 2otk EMSAA @ 2 3
F12E FI2M 2-& FIM2 ¥ (fragment)©l] H] 3l &4} vh& 0] 5 A (mobility)S
HAFATH 18] 3 5HE LysR “§ 520l A 5w =] & 7)) ] shift ¥ band7HE H.0]
Tt} o] 3= F12 @ (fragment)©l] P U] -2 LysR v o] AgtE o] 9l &8
ojn| g}, = LysR @il 2 o] F12 W (fragment)©ll A 33 vl = 33 01, O2 site
T N B5o) Ajreth Seolt)h F12 W ((fragment) ©] F12M -2 FIM2 K.t}
% 718} X (affinity) 2 2HT W3 FI2MO] U FIM2 2.t} & 0] 54 (mobility)2
Zk=1}= 218 F12 W (fragment) W O1, O2 siteoll T &F LysR ¥ A 2] A glo]
% 3§ & 4 (cooperative) ©| Th= AR & H.o|Fo} o] 8] EMSA 4 F A3 =7 H
3HP 54 ZEFE Y o A4S vdad BT o+ AT () ZEEE =

1

ROV AU
)

o

1)

iy

X
2

T = PN P
Y

b s
ol zt= AL EX 07 &1 LysR WA o] AL S A3}, (i) LysR
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[103]
[104]
[105]

[106]

[107]

[108]

23
GRS -4 A (inducer molecule)@}&] A} of H-of] FHA| §lo] LR HE o
A = oy AALE H9 &2 F- A H-AHinducer molecule)2} 2 31 gh

LysR @9 of o] g A vk v}l -4 - A(inducer molecule) == 3-HP

e]ol| &= 3-HP9} -3 4 0 & FA}3 3-HIB, 3-HB 5-°] AMHS-E 4= 2Ltk (iii)

S 2 FE = LysR @A o]k 7} 27) Agsl= F 5 Al Fshy o] A3

A &2 45 3% 4 (cooperative)©] TF. (iv) EZ X E = RNA S F A7 2ga 4§
LysR @98 -A 7} 4 5 28 (interaction) & 5~ A= T2 5 AT ST} (v)

X 2R E )= 01, 02 operator 7} £ A 3hH ZF2}9] operator= 971 2] 7=

o] Fo] x] = A5 (Inverted Repeat) W & 714 E o] 2+ R.EH o] 9l

@) 3HP 54 04 A A0l 7hg T R 0E AL 5 B

M E-g 3-HP A s dd A ~8E 3] 98] v
Y E 2] 3] 7k (P. denitrificans) -2 A} -5 A ol] 7] Z38Fo] 3744 LysR 24
% 2 2 mmsadh, 3hipdh, 3hpdh ‘52 ¢ 2] WA &l A 2= 2]d 5 3T} BlastP
A ZAMA 7 T2 of 2] v A EEo A & H] 52 3-HP 54 AT
Al &gllo] EAshE Ao g el o, & 4l v &5 S ol A 3HIBDH(C4
Al 282l 3HPDH(C3 Al 2¥h o2 44 = 14 fde] A= Ao
WA TH(® 13, 4 2 £5). FAAES] 2 A 2w AR A EE vt}
tFst FA4 725 7= Ao ® Rl

Z 1500 <& o|ge] v A Eol| A 3-HP 54 Fd A &
0] 5 C3-LysR 7} C4-LysRe| EA| f-5-<F F-2 4 v g
LE R HiE Al o] T 97O LEE C4 R C3 A
ASAIL TN TLE & C4 A =R R ZEA AL QAT C3 A= RIRE hAl = L
e W E A G okrh. g C3 Al 281 9] 79 LysR W@ A2 o F 3}s)=
2k} LysR whodof] of3ff ¥k o] - ¥ = {3 Ab= B AR WEke
Rrefebs S 0] AT C4 Al 2=51e] 7ol 1 LysR Wb & g2 3)ofs
A} LysR @ 2 o] o] 8] W o] 245 = {AAE U A ko)
Hhoj k= 54 o] A2 Group 157 Group 16°] &3k v A =l A = o]
wakol M 2 5 U5kt

C3 2 C4 LysR @ Ao gh-gats ZRVE A2 53 24830 P,
denitrificans®] 7 5-¢F v} zF 74 2 5 71 9] tandem operator sites (O1 X O2&
W)y 7F B S8 T 71 9] operator & §F 4F2] ] A (dyad symmetry)
TZ2E 7FA AL 99l ar ZF7E 9] S Hb(inverted repeat) A1 €2 97l 9] V=
TA o] At g 2] oA (dyad symmetry) 54 7Fe] A 2= 5070
A7 A8 E 7FA1 AL 1o 4] LysR ©@Hl A o] 01 2 02 operator site©l] 2 3k o
U Wefo| A At S (A S FA skt EgE A HhE(inverted repeat)
A W9l f71E B2 A=A & BEE S Sl

3-HPol| 553} LysR#H2] 2 3} 2] (Palindromic)i= U gh 1] A &-of A

B :d

>~

g of
o

kg
<

N

N
By
k)
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[109]

[110]

24

HEY S ol=dl, 242k Feoll wekA, Ol operator = 1XH/ A A3
Al-©] E (Primary/Repression Binding Site; PBS/RBS)%Ho] H.<E% o QI ATH R 3).
EgH B Fol oA, BEH T-Njypp-A motif & X§38h= & 33 e s
R.o]= PBS AA} 7| A] Alo] E(transcription start site; TSS)Z=F-E -65 W] =] -75
2 Aol EA8HSI T} 02 operator <5 2xH/2A] A3}
Al-©] E (Secondary/Activation Binding Site; SBS/ABS) motifol] A= A @ H.EA] 0]
7] wiEoll, ABS motif©] in silico o 5 348} al o] T} RBS % ABS
/\]»O] Ex 7]—7]— ]}7], [e2] ;(ﬂ =d} :5:]—/3 §j—oﬂ o) O-] tﬂ] /K] S| ?_]_ o= ] E‘EL% 1%1—%1—6‘],35 7}'—1_0_&
Ba¥ a1 Jlvk 3-HPol| Bhg-oh= 9 A E2 M 542 7o et =
E-3}a1, 3-HP-LysR @22 T} 2 & (genus) (ol = & A E FAM & 2bal
TY S M E w2 1 FAM & ZE=t) wheb A, LysR @A 2 A gshi=
operator % DNA A] g 227} TF & Zx(genus) 7ol A2 th20= 39|
=g A ow SR &= Ao g ddkEr). AAL A (Promoters; -10 and -35
regions)= BPROM 2 BDGP toolss AF-8-3}4] o &3}t

ol 3 30l 71 A& 97l o] A7 E-& Z7Fe] F(genus)oll A 3-HPol| ¥F-3-8F=
LysR¥}o] A 3t-9lol] sl Fdhiz BE G o2AM, tht-Ab= &<t 5ol A
HER Ao w Yehy= ¢ 710
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Genus Repressive Binding Site(T-Ny,12-A |# Representatives

motif)

Achromobacter CAcAcATct 4
Acidovorax TcGCAcAcC 3
Acinetobacter GTcaAaGAT 7
Advenella TTGCAaATT 4
Aeromonas GGGcAaaCA 2
Alcaligenes CAcAcATct 5
Alcanivorax AgCAGCATG 2
Alicycliphilus TGCaAAGcce 2
Anaeromyxobacter GGGaCGacG 3
Azospirillum gTGCCcGCG 4
Azotobacter gTatcGAGC 4
Beijerinckia ATTgcCgTG 3
Bordetella gTTtCGTtG 6
Bradyrhizobium AtATATcaG 3
Brucella AaaAAtGCa 3
Burkholderia GCCtACacT 16
Corynebacterium CACCT(TgC 6
Cupriavidus AGTtCAgcG 3
Delftia GCAAAAAcg 3
Ferrimonas GCGGTTTTa 2
Glaciecola TgAaTtGAC 3
Gordonia GAaaCCGGC 2
Halomonas tACACacAA 3
Janthinobacterium TtCGcATTa 3
Marinobacter CAgaAgGceT 2
Methylocystis CGAtCgACC 2
Phenylobaculum GTcCCGCtC 2
Pseudomonas TTGCAcatC 24
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Ralstonia GCCtACacT 5
Shewanella gTTcGegTA 6
Sinorhizobium TcGgAAaTT 2
Sphingobium CgcACaAcC 2
Stenotrophomonas GgcCaGATT 2
Tistrella CCGGcgGeG 3
Variovorax gTcTATTgT 2
Verminephrobacter CgTGgcCGA 2
Vibrio TGeaCegTT 6
Xanthobacter CTgtGCACa 2
Xanthomonas GegGTGGgC 6

[112] #Representitives: Genus U] ol A & g+

Ao gy Eo] 54,
[113]

Repressive Binding Site (RBS)E 7H4] =
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[3£4]
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C4-LysR, MMSADH, 3HIBDH®l| th&+ &4 vbid A 254 v] 1

Enzyme Source  |C4-LysR MMSADH 3HIBDH Genbank ID
Size( |(Identit [Size |Identit |Size |Identit |C4-LysRMMSA
AA) |y (%) [(AA) |y(%) |(AA) |y (%) |DH3HIBDH
Achromobacter 306 |47 497 67 296 |56 WP_013392250.
sp. 1
WP_020924676.
1WP_04680716
3.1
Acidovoraxavenae |295 |59 507 82 299 |54 WP_019701544.
subsp. 1WP_01970154
5.1WP_0197015
49.1
Acidovorax sp. 301 60 507 82 296 |55 WP_005799303.
1WP_00890585
0.1WP_0264373
93.1
Acinetobacter 293 |49 505 70 296 |59 WP_005014261.
baumannii 1WP_03923788
8.1WP_0050259
14.1
Aeromonas 304 |36 503 58 306 |55 WP_029302009.
hydrophilia 1WP_04286380
5.1WP_0177847
54.1
Agrobacterium sp. |293 |37 518 47 294 |45 NA
Alcaligenes 297 |45 497 60 298 |55 WP_026483089.
faecalis 1WP_04593022
2.1WP_0264832
74.1
Alcanivorax 302 |39 498 56 287 |48 WP_008927645.
hongdengensis 1WP_00892993
7.1WP_0402972
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29.1
Alicycliphilus 304 |58 505 81 298 |53 WP_013519376.
denitrificans IWP_01351937
7.1WP_0135193
81.1
Alteromonas 294 |35 496 48 291 |62 WP_039223538.
marina 1WP_03921637
3.1WP_0392235
43.1
Anaeromyxobacte 313 31 491 53 293 |29 WP_012631783.
r dehalogenans 1ABC82015.1W
P_011419642.1
Azospirillum 291 33 499 51 296 (53 EZQ04117.1WP
brasilensse _014241748.1W
P_035679372.1
Azotobacter 296 (72 501 92 297 |79 WP_012699721.
vinelandii 1WP_01269972
6.1WP_0126997
24.1
Beijerinckia 301 43 509 50 295 |52 WP_012383627.
indica 1WP_01238319
0.1WP_0123836
23.1
Bordetella avium |307 48 497 66 294 |58 WP_012416822.
1WP_01241682
4.1WP_0124174
30.1
Bradyrhizobium 302 |42 498 49 296 |50 WP_024338218.
japonicum 1WP_02433821
7.1WP_0281533
98.1
Burkholderia 319 |47 509 74 300 |65 WP_012365776.
ambifaria 1WP_01236663

1.IWP_0067614
13.1
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Catenulispora 296 |35 504 42 301 |41 NA
acidiphila

Caulobacter sp. (295 |31 498 45 295 |43 NA

Castellaniella 303 |46 497 64 297 |59 WP_043685951.
defragrans 1
WP_043680927.
1
WP_043682533.
1

Chromobacterium |305 |41 500 79 296 |58 WP_043617011.
violaceum 1WP_04505189
5.1WP_0436137
61.1

Collimonas arenae [319 |47 502 67 297 |54 ATY40998.1
WP_038487725.
1WP_(03848772

8.1
Comamonas 300 |54 507 83 208 |52 WP_034389635.
testosteroni 1WP_00307583
7.1WP_0430037
83.1
Corynebacterium (304 |28 504 51 201 |42 WP_025251982.
vitaeruminis 1WP_02525153
5.1

WP_025251536.
1

Cupriavidus 308 |40 507 73 296 |66 WP_042881289.

necator 1WP_04287826
3.1WP_0428782
61.1

Carvibacter 296 60 505 82 294 |54 WP_027474562.

gracilus IWP_02747456
5.1WP_0274745
67.1

Delftia 300 (54 507 82 298 (53 WP_034393435.

acidovorans 1WP_01220552
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3.1WP_0164534

78.1

Ferrimonas 284 |25 497 55 296 |51 ADN76259.1WP

balearica _013344534.1W
P_013344538.1

Glaciecola 281 28 496 56 295 |47 WP_014109619.

nitratireducens 1WP_01410898
2.1WP_0141089
79.1

Gordonia 298 32 513 48 289 |46 WP_041920477.

bronchialis 1WP_01283558
1.1WP_0128355
79.1

Hahella 302 |28 498 51 296 |51 NA

chejuensis

Halomonas 315 (44 499 67 300 (53 WP_013331269.

elongata 1WP_01333127
0.1WP_0133321
81.1

Hirschia sp. 294 |37 498 43 293 |45 NA

Idiomarina sp. 312 (28 499 57 297 |52 WP_007420015.
1WP_03472901
2.1WP_0074196

52.1
Janthinobacteriu 305 46 502 75 297 |53 WP_034757572.
m lividum 1WP_03477880
5.1WP_0347575
84.1

Kitasatospora 304 |31 508 43 298 |40 NA
setae

Kutzneria albida {300 |35 501 45 284 |44 NA

Methylobacterium |302 |41 499 47 297 |47 NA
sp.

Methylocystis sp. 1294 |30 498 48 295 |46 WP_036241816.
1WP_03628600
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1.1WP_0362891
18.1
Novosphingobium (316 |39 499 45 289 |45 NA
sp.
Oceanimonas 288 |28 497 58 297 |47 WP_019933245.
smirnovii 1WP_01993316
8.1WP_0199331
71.1
Paracoccus sp. 297 |38 533 46 302 |45 NA
Parvibaculum 304 (30 500 52 296 |57 WP_041536697.
lavamentivorans 1WP_04153646
3.1WP_0121118
23.1
Phenylobacterium |282 (32 498 52 298 |49 WP_041374440.
koreense 1WP_01252076
8.1WP_0125222
31.1
Photobacterium 303 26 502 53 303 |44 NA
gaetbuleda
Polynucleobacter (291 |49 500 79 298 |66 ABP34774.1AB
necessarius P34773.1ABP34
asymbioticus 771.1
Pseudoalteromona|299 (29 496 55 299 |52 WP_009840151.
s carrageenovora IWP_01038150
6.1WP_0331034
66.1
Pseudogulbenkian 1320 |46 500 79 298 |59 WP_008953966.
ia sp. 1WP_00895451
5.1WP_0140869
32.1
Pseudomonas 298 100 501 100 291 |100 WP_015477414.
denitrificans 1WP_01547741
ATCC13867 5.1WP_0154774
16.1
Pseudomonas 298  [95% 504 93 291 (92 WP_043252263.
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knackmussii 1WP_04325226
1.1WP_0432522
59.1

Pseudomonas 316 45 508 73 295 |62 WP_041751937.

protegens IWP_01105911
1.1WP_0156340
46.1

Pseudomonas 315 |45 505 73 295 |60 WP_034128788.

fluorescens 1WP_04605558
8.1WP_0341287
86.1

Pseudoxanthomon |297 27 501 79 297 |57 WP_014159583.

as spadix 1WP_01415974
9.1WP_0141597
53.1

Psychrobacter 302 |27 495 71 314 |52 WP_028859590.

phenylpyruvicus 1WP_(02885916
6.1WP_0288591
70.1

Ralstonia 298 30 515 73 301 |65 NA

oxalatica

Rhodomicrobium |296 30 496 48 296 |48 NA

vannielli

Segniliparus 300 |25 509 51 300 |46 WP_013137524.

rotundus 1WP_01313761
1.1WP_0131376
10.1

Shewanella 291 24 499 55 300 |51 WP_011072126.

oneidensis 1WP_01107182
8.1WP_0110718
32.1

Simiduia 297 (29 505 55 296 |47 NA

agarivorans

Sinorhizobium 315 (40 498 50 298 |52 WP_018099720.

meliloti 1WP_02799046
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5.1
WP_027991426.
1

Sphingobium 292 (43 499 |49 294 |48 WP_037446180.

chlorophenolicum 1WP_03745663
5.1WP_0374461
74.1

Sphingomonas 325 |43 503 44 296 |46 NA

wittichi

Sphingopyxis 310 (36 497 45 291 |44 NA

alaskensis

Stenotrophomonas |289 32 501 80 296 |57 WP_044569661.

maltophilia 1WP_01918550
4.1WP_0054076
87.1

Tatlockia 203 |22 499 45 295 |47 WP_045099921.

micdadei 1WP_04509808
2.1WP_0450980
81.1

Thalassospira 2905 |38 499 45 206 |48 NA

xiamenensis

Variovorax 298 |60 507 82 300 |55 WP_018905631.

paradoxus 1WP_01274835
5.1WP_0127483
51.1

Verminephrobacte |298 |26 507 78 299 |51 WP_011807819.

r eiseniae 1WP_01181124
3.1WP_0118112
50.1

Vibrio furnissii 304 (25 520 57 300 |49 WP_014257826.
1
WP_041943477.
1WP_00472784
5.1

Xanthobacter 307 |44 498 50 299 |51 WP_012114222.
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autotrophicus 1WP_01211422
1.1WP_0415754
20.1

Xanthomonas 301 |29 501 77 295 |58 WP_044099340.

campestri 1WP_00348824
4.1

WP_003488236.
1

Xanthomonas 304 |27 501 77 300 |57 WP_024711534.
oryzae IWP_04475011
3.1
WP_024744051.
1

[115]
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Enzyme Source

Genbank

accession no

Size(AA)

Identity
(%)

Identity
(%)

C3-LysR3HPD
H

Achromobacter sp.

306

45

65

WP_00622384
9.1WP_006225
226.1

Acidovorax avenae

295

45

564

59

WP_01359500
9.1WP_013592
873.1

Acidovorax sp.

301

44

556

61

WP_02022964
6.1WP_020229
941.1

Acinetobacter baumannii

293

40

534

39

WP_00086180
3.1WP_032868
291.1

Alcaligenes faecalis

297

42

555

64

WP_02648308
9.1ADT64694.
1

Alcanivorax hongdengensis

290

27

531

42

WP_00892946
8.1WP_008927
596.1

Alicycliphilus denitrificans

304

44

560

60

WP_01351937
6.1WP_013721
241.1

Alteromonas marina

294

36

550

43

WP_03922353
8.1WP_039222
748.1

Azospirillum brasilense

391

35

537

36

WP_04013727
3.1WP_035676
856.1

Bordetella avium

307

45

540

66

WP_01241682
2.1WP_012415
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815.1

Bradyrhizobium japonicum

302

41

539

57

WP_02433821
8.1WP_028143
201.1

Burkholderia ambifaria

323

38

567

60

WP_00675436
9.1WP_011659
279.1

Castellaniella defragrans

303

42

537

WP_04368595
1.IWP_043679
553.1

Chromobacterium

violaceum

305

54

556

68

WP_04361701
1.1WP_043617
013.1

Collimonas arenae

319

44

541

61

AIY40998.1W
P_038494339.1

Comamonas testosteroni

300

39

555

69

WP_04300377
1.1IWP_012836
757.1

Cupriavidus necator

308

38

554

61

WP_04288128
9.1WP_042883
575.1

Carvibacter gracilus

296

45

575

57

WP_02747456
2.1WP_027477
384.1

Delftia acidovorans

300

41

575

59

WP_03439343
5.1WP_043780
341.1

Glaciecola nitratireducens

310

23

533

41

WP_01411021
7.1WP_014110
368.1

Gordonia bronchialis

298

24

443

42

WP_04192047
7.1WP_012835
455.1

Halomonas elongata

315

42

551

61

WP_01333126
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9.1WP_013332
997.1

Idiomarina sp. 303 25 564 37 WP_00848742
5.1WP_034821
838.1
Janthinobacterium lividum |305 44 541 62 WP_03478889
9.1WP_010393
822.1
Parvibaculum 304 28 548 40 WP_04153669
lavamentivorans 7.1WP_041536
013.1
Polynucleobacter 291 41 539 58 ABP34774.1A
necessarius asymbioticus BP33573.1
Pseudogulbenkiania sp. 320 42 547 42 WP_01408692
7.1WP_014087
291.1
Pseudomonas denitrificans |304 100 554 100 WP_01547842
ATCC13867 4.1WP_015478
425.1
Pseudomonas knackmussii  [301 89 552 85 WP_04324975
5.1WP_043249
752.1
Pseudomonas protegens 297 71 548 75 WP_04111757
4.1WP_011060
785.1
Pseudomonas fluorescens (294 72 548 76 WP_04604894
6.1WP_038984
218.1
Pseudoxanthomonas spadix |307 28 545 43 WP_04329047
6.1WP_014160
845.1
Psychrobacter 302 25 565 40 WP_02885981
phenylpyruvicus 0.1WP_028859
590.1
Segniliparus rotundus 300 26 516 37 WP_01313936
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8.1WP_013137
524.1

Sinorhizobium meliloti 315

37

531

77

WP_01809427
7.1WP_010970
328.1

Sphingobium 292

chlorophenolicum

38

544

40

WP_03744618
0.1WP_037446
228.1

Stenotrophomonas 289

maltophilia

29

534

44

WP_03759074
8.1WP_044569
661.1

Variovorax paradoxus 298

44

544

61

WP_01890563
1.1WP_042580
440.1

Verminephrobacter eiseniae 306

28

556

59

WP_01181225
8.1
WP_01180870
3.1

Vibrio furnissii 295

27

573

39

WP_00472924
5.1WP_004724
290.1

Xanthobacter autotrophicus |307

43

556

56

ABS68474.1W
P_012114222.1

Xanthomonas campestris 304

30

556

33

WP_03348487
4.1WP_011038
502.1

LysR ©h g o) o gt P4 & 5

A5

} Al A A8} TF. non-redundant

NCBI o] & W] o] ~ = F-E| C4 LysR¥} C3 LysR A] @ 2=l tfj &l BLAST A~
A1, DNA 23 Helix-turn-Helix % 93 45 A1S 2t = A A7 242 1267,
1327 &= EAlsh= AL FRlslln)h & 14 2 & 1500 o] Al ~Eol o gt

U}z A1 & 1l %] (multiple sequence alignment) S Y EF AT} Al 2~

o g}o] 1 E (sequence alignment) 2 7} LysR A 2 9] Ao FH-o] 7] BEH 0]
NE Ao R FolE ] o o] ¥ o] AlEH T2 n Y EE o A5 LysR
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[119]

AR 27 & o R HEH = 202 Yet o] &= oo
A= Eo] Al ol A LysRE o] 838l A& Eall o) 3 BE C4
LysR¥} C3 LysR Al A 2o A 2 2§ 3-HP ¥& 3~ 2 W E U] operator
- (region) 2] & HHE A A (Inverted Repeat sequence)} 73} A] A33hi= A2
574 ¥ 3= Helix-turn-Helix & & o] 7 ¥ 131 o] o & o) A 3= Thr-31, Arg-34,
Glu-40, 718 31 Leu-47 5 47]1 2] X715 0] & HEH o] 9t} HEH o] At
2715 LysR ¥l o] DNASF 23S v e/ dE g5t 583
P AoR AZHETHE9).

LysR¥} 3-HP7H2] 4} & 2} (protein-ligand interaction)< 55 U] AFA| 3] &ol R 7]
13l 41 homology model#} docking 2 & -& 4~3 5} % t}. A, PDB
dlolgjHo] 220l M o] §71s §F 25 o] 88to] FEE U HY E L 2 (P.
denitrificans)°| 41 2] C4-LysR¥} C3-LysR2] A 2> F-AMY & v algk A3 35%
o] &te] Y& H-A4-S ¥t} (PDB ID: 3SZP, 24 % identical). WhehA C4-LysR ¥}
C3-LysR9] 222 MUSTER ¥} LOMET server& ©]-8 %t threading W 0.2
F3etd . 2 A3 o ¥ C4-LysRI}F C3-LysR 2] .92 RAMPAGES
o] &3ato] Al R HFskaL, o] e ofu| At 7] 98% 7t A e &
24 +& Ramachandran plot2 &3l 2<13} o). C4-LysR# C3-LysRell 4| 3-HP7}F
tat= 247917 COACHE ©]-&3to] o5 Aot fFash wdi oS¢
7] 52 SCHRODINGERTME®]| 8= Maestro 3= 2 “1 &1 o] 4] docking

>
(

ol

i NS

o —Ho
do 7
X

0 o

(3-HP)= Z}+7} Protein Preparation Wizard ¢} LigPrep Wizard & A}-8-3}¢]

ZAHE 9T} Grid boxE A /d 3171 913l Receptor Grid Generation = <

ALg-3Eel o, A A 9 grid box$Fell A SP (Standard Precision) %2 XP (eXtra
Precision) docking settingS- ©]-83}o] €] 7F= docking-S- 53 6} 94 t}. docking 2 7},
C4-LysRoll th3ll A4 += 5.01, C3-LysRell th sl A = 3.742] docking A& 712 w|
7} 9-57¢ docking pose E H.o] 1T}, C4-LysR % C3-LysRo| 3-HP<} o] ¢
THA] EAF kel BT AE S 7HA = A2 FR1IH AT C4-LysR e ofv| =2k
715 5 Asp-159, Thr-160, Pro-237 ¥ Phe-239 52 3-HP9} -4 A S o] 71,
ARG24& 3-HP$} A4 3288 o)l F= A 02 ZAE I THE 9).
C3-LysR 9] o}v] =4 %7] 5 5 LEU74, THR190, THR28-& =4 A gHS o] F14,
THR73, VAL150, PRO167, PHE127, PHE1699] 7 ¢~ 254 g5 4188 o] F+=
210 2 ZALE AT} 3-HP9} LysR (Ho] o 2-8-o] §l& sloleh= o 53 g,
docking 2 3} &1 F Al 3-HP7} C4-LysRoll EA415H= 712 A g =2 (substrate
binding domain) (ARG94, LYS96, GLU137)¥} helix-turn-helix domain (ARG24)
Abololl A 78t A T Ak A& oIt} o] 9f vl =5} Al C3-LysR©] THR28
(helix-turn-helix domain)©] 3-HP<} 7814 A & 288 A o2 9] H vl 53]
712 A3 v Q1 (substrate binding domain)©l] 4| = 3-HP<} A 3t 2] of &= o] §H4|

G4 Soll 8.8 4L 3hz ofv]mito] HAHUTE, o5& ofn]wmite:

i
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[122]

[123]

40

Ala-60, Gly-91, Arg-94, Pro-118, Glu-137 5] 31 t}.
S &= o] mAHE 2 Pro-118-2 Al 9] &AL

o] & m]Fo], 3-HP7} LysRell 2175 2] 0.2 982 | L &
Qo= E 39, o] F 4 uk-3-o] Yoyt LysRS DNAS A 33e] LysR 744
of g Frell 9l ehi= 3-HP W3l FHAES] AALE & FEoR £H8=

o)},
(5)3-HP =4 FAAE 2t vy Eof 23 3-HP £3] € 3-HP 54

TR 2 Ao A 3-HP Wl A 2 7F kg nj A E ol A EAshE Ao R
o Aok thFe v A EE9] 3-HP W3l 5 5-& H7tsr] 9184 25mmol/L 2]
3-HP7} £ 3HE 100mM Q1493 & olo] N5 & €318l a1 244 7F &<t 3-HP7L
w3l =% S Th(EE 6). T2 AR W] A Eof] whel 3-HP ¥ 3l &= 2hol 7t
Ao} BF g4 0 2 3-HPE Wl ot 21 02 e TE 3-HP #3834t
(3hpdh, 3hibdh, mmsadh) 2] AAG2S 3-0HP 2 4] G50l whe} 3 718 ThE 7).
3 7014 B uhe} o], 3-HP+= o) & v A &l A 3hpdh, 3hibdh, mmsadh
FrAApe] w717} 6vl], 1441, 164 o]0 2 A FFAIZ T o] A=
T ] A& ol 3-HP F-54 A &Elo] FEH g EAdtE AL
ou]gte}, A FE R~ dlY E L T 2 (P. denitrificans) 2} B 13} o] TF &

H A Eoll A= AAF F7F Bl Eo] 109] A% oA o ® e o] = v 2719
zpoleofl 7118h= Ao FaHeh & Ry dyEL I ZE (P
denitrificans)E A 28t 3L GE v A Eo| M= A £ 517] Yste] 53
Aol v s m Aol A v A E-& v k3=l o] 45 3-Hp ] €]
53 Aol #3914 ofv| wAboly o] & o] Ak W3l AhE o] 3-HP 7t
EAEA = 2N DA 5 3hpdh, 3hibdh, mmsadh 2] AALE
AN A 3-HP 7F A8 = 2ol A HAEFS A FAIA A 7]

ol ot
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[3%6]

41
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Genus No |Strains 3-HP degraded (mM)?
1 Achromobacter denitrificans 18.40
2 Acidovorax avenae subsp. 20.43
Acidovorax sp. 16.60
3 Acinetobacter baumannii 18.76
4 Aeromonas hydrophilia 17.88
5 Agrobacterium sp. 20.54
6 Alcaligenes faecalis 19.32
7 Alcanivorax hongdengensis 24.51
8 Alicycliphilus denitrificans 20.62
9 Alteromonas marina 2042
10 Amycolatopsis sp. 21.13
11 Anaeromyxobacter dehalogenans 23.14
12 Azospirillum brasilensse 17.96
13 Azotobacter vinelandii 19.44
14 Beijerinckia indica 23.13
15 Bordetella avium 23.87
16 Bradyrhizobium japonicum 21.67
17 Burkholderia ambifaria 18.33
18 Catenulispora acidiphilia 19.45
19 Caulobacter sp. 22.34
20 Castellaniella defragrans 13.97
21 Chromobacterium violaceum 14.56
22 Collimonas arenae 16.11
23 Comamonas testosteroni 15.96
24 Corynebacterium vitaeruminis 17.35
25 Cupriavidus necator 18.46
26 Curvibacter gracilus 19.12
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27 Delftia acidovorans 15.89
28 Ferrimonas balearica 17.32
29 Glaciecola nitratireducens 16.57
30 Gordonia bronchialis 18.41
31 Habhella chijuensis 17.59
32 Halomonas elongata 19.14
33 Hirschia litorea 18.47
34 Idiomarina sp. 17.86
35 Janthinobacterium lividum 18.02
36 Kitasatospora setae 19.05
37 Kutzneria albida 21.14
38 Methylobacterium sp. 23.04
39 Methylocystis sp. 16.97
40 Novosphingobium sp. 15.87
41 Oceanimonas smirnovii 15.91
42 Paracoccus sp. 17.96
43 Parvibaculum lavamentivorans 18.02
44 Phenylobacterium kunshanensis 17.56
45 Photobacterium gaetbuleda 19.04
46 Polynucleobacter necessarius asymbioticus 16.97
47 Pseudoalteromonas carrageenovora 19.03
48 Pseudogulbenkiania sp. 7.36
49 Pseudomonas denitrificans ATCC13867 20.53
Pseudomonas knackmussii 7.42
Pseudomonas protegens 25.24
Pseudomonas fluorescens 2441
50 Pseudoxanthomonas spadix 23.01
51 Psychrobacter phenylpyruvicus 20.17
52 Ralstonia oxalatica 18.09
53 Rhodomicrobium vannielli 19.42
54 Segniliparus rotundus 8.96
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55 Shewanella oneidensis 10.14
56 Simiduia agarovorans 23.78
57 Sinorhizobium meliloti 13.87
58 Sphingobium chlorophenolicum 14.76
59 Sphingomonas wittichii 21.04
60 Sphingopyxis alaskensis 23.56
61 Stenotrophomonas maltophilia 15.34
62 Streptomyces nodosus 21.13
63 Tatlockia micdadei 17.81
64 Thalassospira xiamenensis 18.88
65 Variovorax paradoxus 19.34
66 Verminephrobacter eiseniac 17.04
67 Vibrio furnissii 16.98
68 Xanthobacter autotrophicus 15.92
69 Xanthomonas campestri 14.37

Xanthomonas oryzae 13.88

[125]
[126]

2 The amount of 3-HP degraded was calculated between 0 and 24h.
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[%7]
3-HP 28l #7452 &4 mRNA =%
Genus |Strains 3hpdh 3hibdh mmsadh
No. -3-HP [+3-H |-3-HP [+3-H |-3-HP |+3-H
P P P
1 Achromobacter denitrificans 0.04 10.24 [0.31 (640 |0.24 |6.34
2 Acidovorax avenae subsp. 0.05 (0.28 10.34 (597 |0.21 |5.98
Acidovorax sp. 0.02 (031 |0.33 [6.76 |0.36 [6.04
3 Acinetobacter baumannii 0.01 [0.19 |0.35 [6.02 |0.27 |5.76
4 Aeromonas hydrophilia - - 0.37 |6.17 (032 |6.14
5 Agrobacterium sp. 0.01 |0.27 |0.36 [6.27 (041 [6.56
6 Alcaligenes faecalis 0.04 10.26 |0.39 |[5.87 |[0.28 |[5.73
7 Alcanivorax hongdengensis 0.03 10.27 |0.33 |[6.74 (037 [6.58
8 Alicycliphilus denitrificans 0.07 (0.30 ]0.31 |[7.01 |0.25 |6.01
9 Alteromonas marina 0.06 [0.34 ]0.34 [6.09 |0.22 |5.73
10 Amycolatopsis sp. - - 0.32 |596 (0.24 |[6.05
11 Anaeromyxobacter dehalogenans |- - 0.37 |6.43 |0.28 |[5.44
12 Azospirillum brasilensse 0.05 0.41 |0.36 [6.54 (033 [6.05
13 Azotobacter vinelandii - - 0.38 [6.73 10.31 |5.87
14 Beijerinckia indica - - 0.34 |6.59 |0.29 |(5.01
15 Bordetella avium 0.08 [0.45 ]0.31 [6.04 |0.24 |4.98
16 Bradyrhizobium japonicum 0.07 (052 041 (7.21 |0.34 |(5.49
17 Burkholderia ambifaria 0.03 0.31 (0.29 |594 |[0.21 |5.13
18 Catenulispora acidiphilia 0.05 041 (032 |5.84 [0.25 |5.24
19 Caulobacter sp. 0.04 1045 (035 [5.96 [0.24 |5.96
20 Castellaniella defragrans - - 0.45 (7.43 1037 |5.98
21 Chromobacterium violaceum 0.02 |0.25 |(0.38 |[7.02 (0.32 |6.31
22 Collimonas arenae - - 0.37 |7.20 (030 |[5.87
23 Comamonas testosteroni 0.04 |0.24 |0.28 |[5.88 [0.21 |4.96
24 Corynebacterium vitaeruminis 0.03 |0.28 (047 [6.99 (034 |5.89
25 Cupriavidus necator 0.02 |0.21 |0.42 |6.84 (033 [6.05
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26 Curvibacter gracilus - - 0.29 [5.76 |0.19 (3.99
27 Delftia acidovorans - - 0.33 (634 (0.26 [4.03
28 Ferrimonas balearica - - 0.41 |7.04 (034 |[5.17
29 Glaciecola nitratireducens 0.05 10.30 (036 |7.11 [0.29 |4.81
30 Gordonia bronchialis 0.04 10.29 045 (699 |0.33 (5.21
31 Habhella chijuensis 0.03 10.28 (042 |6.81 [0.34 |[5.97
32 Halomonas elongata 0.06 0.32 |0.27 |5.41 [0.19 |4.34
33 Hirschia litorea 0.05 10.34 (029 [6.19 |[0.18 |4.56
34 Idiomarina sp. 0.08 (042 (047 |7.21 [0.32 ([543
35 Janthinobacterium lividum 0.03 [0.33 041 (698 (0.29 |5.01
36 Kitasatospora setae 0.04 10.36 |0.39 |[6.46 |(0.25 |[5.25
37 Kutzneria albida 0.03 (041 ]0.35 [5.96 |0.24 |5.61
38 Methylobacterium sp. 0.05 |0.45 |0.33 [6.02 [0.23 |598
39 Methylocystis sp. - - 0.32 |6.51 |0.21 [4.91
40 Novosphingobium sp. 0.04 ]0.39 [0.29 (598 |0.25 |6.04
41 Oceanimonas smirnovii 0.02 10.24 |0.36 |6.44 |0.28 [4.88
42 Paracoccus sp. 0.03 [0.25 |0.34 (632 |0.27 (4.96
43 Parvibaculum lavamentivorans ~ |0.04 (0.28 (0.46 |7.31 (032 |4.99
44 Phenylobacterium kunshanensis |0.06 [0.33 (0.41 (743 ]0.33 (5.02
45 Photobacterium gaetbuleda - - 0.36 [7.02 029 |[5.06
46 Polynucleobacter necessarius 0.09 10.45 |0.39 (699 |(0.27 |[5.37

asymbioticus
47 Pseudoalteromonas carrgeenovora |- - 0.29 (576 |0.21 |5.03
48 Pseudogulbenkiania sp. 0.04 |0.26 |0.32 (598 ([0.23 |5.36
49 Pseudomonas denitrificans 0.03 10.23 |0.39 [6.20 [0.26 [543
ATCC13867
Pseudomonas knackmussii 0.03 [0.25 |0.41 (6.81 |0.35 (5.96
Pseudomonas protegens 0.02 |0.19 [0.28 [5.62 [0.21 |5.01
Pseudomonas fluorescens 0.04 |0.27 |0.26 ([5.81 [0.18 |4.70
50 Pseudoxanthomonas spadix - - 0.31 |5.99 |0.27 |4.96
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51 Psychrobacter phenylpyruvicus  |0.08 (0.37 [0.43 |[7.04 |0.31 |5.03
52 Ralstonia oxalatica - - 0.40 |7.21 |0.34 |[5.21
53 Rhodomicrobium vannielli 0.05 |0.41 |0.39 (7.01 (032 |6.02
54 Segniliparus rotundus 0.07 10.27 [0.25 |(5.81 |0.19 |4.32
55 Shewanella oneidensis 0.05 [0.28 ]0.25 ([5.81 |0.19 |4.07
56 Simiduia agarovorans 0.03 10.29 |0.23 |[5.76 (0.21 [4.87
57 Sinorhizobium meliloti - - 0.24 |5.79 |(0.16 [4.07
58 Sphingobium chlorophenolicum [0.06 [0.33 [0.33 |5.99 ]0.23 |4.86
59 Sphingomonas wittichii 0.03 045 [0.31 (7.02 |0.32 |6.42
60 Sphingopyxis alaskensis - - 0.35 |7.00 [0.35 |6.94
61 Stenotrophomonas maltophilia 0.04 |0.31 [0.29 [6.02 [0.24 |5.21
62 Streptomyces nodosus 0.07 10.39 (043 (6.72 |0.34 |5.14
63 Tatlockia micdadei - - 047 |6.61 [036 |5.65
64 Thalassospira xiamenensis - - 0.32 |7.02 (0.33 |6.10
65 Variovorax paradoxus - - 0.38 |6.59 |(0.28 [4.97
66 Verminephrobacter eiseniae 0.08 043 |0.42 [6.43 [0.30 |5.14
67 Vibrio furnissii 0.05 10.39 (039 |6.03 [0.27 |491
68 Xanthobacter autotrophicus 0.04 |0.27 |0.27 [6.23 [0.21 |5.41
69 Xanthomonas campestri 0.03 [0.25 |0.24 (5.81 |0.18 |(5.09

Xanthomonas oryzae 0.02 |0.19 (045 [6.43 (034 |5.19

[128]

[129] o] u A E o A 3-HP F A T2 FE o o3 B4 AAEE T oA P
denitrificans®] 73 §-¢} v} 27X 2 BE Z 2 FE = 01, O2 operator sequence s
7EAI AL AATE. o] M o] A= A7 9709 9171 & o] F0] % palindromic
structure = EF1 ¥ Ut o] & A Lol thk 7141 A5-7F T 3 ¥ A = A AT
o] & ¥ P. denitrificans®] 7 -9-9} o] LysR @j 2 2} ZA3}st A1 o2
of = Ao

[130] A8AHOoR AETA R 3-HP YhE FFA17]

HEE a4e5& AlEA o2 A= slo) &

TR Uy E G Y ZE2(P. denitrificans)E W

&0k AAL 2AAEN} T2 REHES £85I o] 52 LysR

A i) o] whil A o) AjehE 54 At QI E R o] FoA A AJTh

A
LysR family transcriptional regulatori= 3-HP7} &= A & off 8l & f-7 2} 9] 4 &

S

O

of
)
tof
o8
et
oX,
o
¥
)
fr

o
te)
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[131]
[132]

[133]

[134]
[135]

[136]

47

FrAshs A o' AT A} A 7 docking A -2 C4-LysR
(ARGY4, LYS96, GLU137, ARG24)#} C3-LysR(LEU74, THR190, THR28, THR73,
VAL150, PRO167, PHE127, PHE169)°l 5 2.3t &7 0] &3-S Bl 590t}
3-HP fr 5=/ A 2=81& 3-HP AL 4 =5 2deb=t ad4 o= ALEE 5 &
Aoz 7 g},

<A Al 2> FFEEu A UY E S I ZF22(P. denitrificans)©l| 4 3-
ato] =EA Z 23] 22} YAk A o] H 45}

L5, S22 =g dA AR

o] Aol A A8 vte e o} F i Heb v == 3% 83 At (E. coli
)& 3] A2 AL A E(KCTC) ol A, 95Xk 2 vy E 2] 3] 72 (P
denitrificans) 5= ATCCol| Al -9k} E. coli XL1-Blue = S8t A0 =
A <} 2] of] ARE-E AT} Al 2] DNA +-8] 7] E <} pGEM-T 9 B 3= Promega
(Madison, W1, USA)°ll 4|, 314 “5 pfx polymerase= Invitrogen (A%,
tf etel ol A, DNA 3 &4 New England Bio-Labs (Beverly, MA,
USA)°l| A, Miniprep¥} DNA gel % 7| E+= Qiagen (Mannheim, Germany)©l| 4|
T4l 718] a1 3 e}o] ¥ 3= Cosmogenetech Co. Ltd.(A] &, t 71 57), Bacto
TryptoneZ} yeast extracti= Difco (Becton Dickinson; Franklin Lakes, NJ, USA)°l| A
71e} 3}t 2 A 1} 745 -L Sigma-Aldrich (St. Louis, MO, USA)° A - &3 o},
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[138]
[139]

[140]

[3E
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wElelol 75 2 Fep s

& =4
Strains
E. coliDHSa Cloning host KCTC,
Korea
P. denitrificanswt P. denitrificans ATCC13867; Source for 3hibdhlV |ATCC,
and 3hpdh promoters and terminators America
A3hpdhA3hibdhlV P. dentirificans ATCC13867 A3hpdhA3hibdhlV Zhou et
double mutant strain al. 2014
A3hpdhA3hibdhlVA3 |P. dentirificans ATCC13867 A3hpdhA This
hibdhl 3hibdhIVA3hibdhl triple mutant strain study
Plasmids
pGEM-T lacZa; cloning vector; pGEM 5zf(+) derivative; Promeg
3T-overhang; Amp* a
pUCP19 ColE1-ori;pRO1614-ori;broad-host-range cloning |West et
vector; Amp’ al. 1994
pUCPK/ Pc; KGSADH gene amplified from pQKS1 were This
-dhaB-gdrAB, P, overlapped with 3hibdhlV promoter and terminator |study
-KGSADH and cloned in pUCPK/P¢;-dhaB-gdrAB; Km*
pUCPK/ Pe; gdrAB and dhaB gene order were switched and This
-gdrAB-dhaB, Py cloned in pUCPK/Pc,-KGSADH, ; Km* study
-KGSADH

2. FERUA HlY E g 9 2 (P. denitrificans) A3hpdhA3hibdhIV A3hibdhl
AA EAH] 759 A

k2] 7- 72 A= sacB negative counter-selection A| 228l of] 7] Z3}o] A A ¥ 9]
pQE-80L ¥ E] o] Ndel=} Xbal #| §H7-9] ol sacB-Km 7H EE &% 5Fo] pQSAK
Eohan| =7 ghEo 5o, o] = 1A - 2ke] A A ol AFE-E AT

B2 Uy E 2 3] ZE22(P. denitrificans) 7|5 DNAE AL-&-35Fo] 5%

FrAd ALl ~700 bp 7374} -5 E 38k DNA W o] PCRE S8l foj 5o
o] 52 DNA Al # 2~ E9l T pGEM-T HE| 2 2 ¥ At} 1 F pQSAK
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[141]
[142]
[143]

[144]
[145]
[146]

[147]
[148]

49

H]-A QFo = T} A| sub-cloning ¥ $1.o.1 ¥ o] Al 23S 53l

Y E 2] 3 ZF22(P. denitrificans) & A ¥ o] 57} 7 ﬂ =9 o] 31 3k
] ﬂ%—é— PCR 2 A A2 3918 Z3) A8 = e} 12 3

| 55 22 Y E 2] ¥ 7F2(P. denitrificans)
A3hpdhA3h1bthVA3h1bthE]rEl P2Re:Roi e u

S . D
r2 e E
A
o OL

3. 2 2m =9 A

%FL] /\_“i EJ-Z':_—Q‘_)\Q/]_ ;(H:@]—/\-] Q._Q_/\ = o]—ig,:].o].v_ i 4;{}.‘:
pUCPK'/PC3-dhaB-gdrAB, PC4-KGSADH & &} 21| =& o] &3¢ ZZ ¥ a1
U THA E = gdrABS} dhab123 74} & 19 5' 7} 3'of] C3 22 FE £} C3
Hujdlo|8 & 42} SR Ysha ML A o] AT EL=
pUCPK'/PC3-dhaB-gdrAB, PC4-KGSADH = &} 2211 = 2] Xbal$} Sacl
A 9] ol A 354 ¥ 9] 31 pUCPK'/PC3-gdrAB-dhaB, PC4-KGSADHZ} 1L
g ¥t o2 A ke =g An = pUCPK/PC3-gdrAB-dhaB,
PC4-KGSADH= 97 % 5.y 2 )Y E €] 9] F~(P. denitrificans)
A3hpdhA3hibdhIVA3hibdhlell 327 2= 151, #F 4 2 & Pd
A3hpdhA3hibdhIV A3hibdhI (pUCPK'/PC3-gdrAB-dhaB, PC4-KGSADH)©]
A ATHE 16).

4. 54 849 2A

DhaB 4] KGSADH &42 &4 4 & 58 40| 753t} 1 Unite]
DhaB 42 13 5 ¢t lumol®] NAD+E NADHZ 3sl=t] 233 49
doz golHr} g ok, 94 1mM DTT, 15uM coenzyme B12, 3mM MgCl,,
1.5mM ATPE 32 3}5}3l 9] = 50 mM potassium phosphate (pH 8.0) €581 (%
3] 1 mL)°ll 20ul9] 26 U/mg NAD+-dependent KGSADHE 37°Coll 4| 543t
1 &g}, o] W] KGSADHE 25% = 2] Al &S §H-f-3hal Sivh vh-&-2 1.5mM
NAD+¢} 37°Coll A ol & ¥l DhaBS -3} }” AAg Fol NE FEHES
7o 2 A 2HE] 9131, NADH] 535 ¥13t 5 E-af 25 Ath. KGSADH
A4S Raj WALl 9] & Haiy WHH S AF8-310] 340nmell A NAD+7F NADHZ
A= AL 543 Y] 5 th 50 mM potassium phosphate $H5-8 2 (pH 8.0),
1 mM DTT, 4] & %2 g* FEES e RS Z3E o] 37°Co A 591t
i = 2131, 2.0 mM 3-HPA S} 2.0 mM NAD+E 5715 0 24 Hk-g-o)
A ZHE] A TF NADHE & 6.22x10° M-em' 9] molar extinction coefficient
(Ae340) 2 AFg-3Lo] AA E A th KGSADH?] 1 Unit 42 13-l 1 pmol £]
NAD+E NADH= $H¢IA|7]=d] Z 2 ¢k 540 I 8 7o) upe} Ao E Qv B &
aA AU AE FEEZ SHHA

5. W % Wi <) o} vl 27
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[149]

[150]

[151]
[152]
[153]

[154]
[155]
[156]

[157]

50

wh 2 YA ] A = g 2Bl ok 20 mL o] Wl k& ek 250 mL
non-baffled Erlenmeyer & 2}~ =15 ©]-8-3}¢] 200 rpm, 30°Coll A4 %1 8 =] T},
2 & MgS0., 0.25 g; NaCl, 1.0 g; NH4Cl, 1.0 g; yeast extract, 1 g; glycerol, 100
mmol; L-glutamate, 5 g; tryptone, 2 g; glucose 2.5 g= 3 3F5H= M9 vl & 0l %] 7}
AF8-% 1T}, Wl 2] = 100 mM potassium phosphate $+5-8 2% (pH 7.0)°] E 3= ¢t}
LA 12 umol/Le] ALY B127} F7FE FUAEH A oW, AT 23X
Folas Fd2IE Itk A X, AR 718, AR o S-S5 9@
Q71w AEY Hom wE A8 A3 33 vHrE
ulo] @ ul| 2~} th AR 9] 3 FE A AT 10% 7] REo| YLt nlo] e 2] HE] A g2
1.5-L &% Biotron-LiFlus GM B}-©] 2 2] ¢} B (Biotron, 4] %, o] -7l =1)o)| A 1L
Ao r 8 u

Hlo] @ g] ME] 28-S 213 M9 Hl &l x| = 2] ¥ F MgS0,-H,0, 0.25 g; NaCl, 1.0
g; NH,CL, 1.0 g; yeast extract, 1 g; L-glutamate, 5 g; tryptone, 2 g; casamino acids, 2g;
glucose 2.5 g, trace element solution, 10 mL/LE ¥ 3$}3}31 9] 2 100 mM <]
potassium phosphate €5 -8 (pH 7.0)S £ &gk}, vl -2 30°C f-71H2] 0l &
Prg 22y ZYASA0MTA 7T mM SFIAE F7) 2 082 FEHH A
3 F Ao} pHE 5 N NaOHS} 2.5 N HCIS AF&31] 7.040.1% % 5 At
& 7] agitation 5% 650 rpmel] 1 vvm e 2 A &4 T H QT v & Foll =
Tryptone, 2 g/L; casamino acids, 2 g/L; L-glutamate, 5.0 g/L; yeast extract, 1 g/LE
F3beh= w21 7F 641 vkt vho] @ g ] of] 7 ATE A E S A,
F71A, AR O] 548 9l 74 o= WA

6. A

M| 3 5 5= #3333 5 7 (Lambda 20, Perkin Elmer; Norwalk, CT, USA)S
AFE-81e] 10-mm 2 o] o] il e =2 54 ¥ 31t} 600 nm (OD600) 58 5-2] 1
unitS H B G 0.3ge] A& M EFI AR} bz s = AP Y ARHE
7] 0 & &}o] Bradford WH ©. 2 wlo] A 2 E|EH Z o) E ] ¢ (1420, Wallac
Victor 2; Perkin Elmer)ell €] &to] 41 ¥ ith. 2] Al &, 3-HP 2 th& tiAMEE 9
F5= HPLCO 23 A A=, 10%-7F 10,000xg 2 vl oF A122] 141 %2 o
213 Aozl A5 NS Tuffryn-membrane (Acrodisc, Pall Life Sciences)©ll 2] 3l

o] 3}5} a1 300 mm x 7.8 mm Aminex HPX-87H (Bio-Rad, USA) column®l] 2] 3}
65°Coll A 2.5 mM H,SO,E o] & 22 Abg-sho] SEd.

(Mo

7. 23}
(1) A} 23 Pd A3hpdhA3hibdhIV A3hibdhl (pUCPK’/PC3-gdrAB-dhaB,
PC4-KGSADH)2] A& &2~ wjj F

B A5 o) 7 91l 4] 2241 % W ko] Aol v Dhabel o] &
A E Q) S uhS 0 % 918 DhaB B4 0] w9 7w = 22 B
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[158]

[159]
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©]3= DhaBE Al 24 3441 7] = GdrABS] A =7F whekE 7hs Al o] vt &=
PC3 T2 5 E] vl 2 Yol GrAB} DhaBE A t) & | &3} 0 2 4 GdrAB2]
o] E Ao R ot ol g 7HE S uig o R, Sean =
pUCPK’/PC3-gdrAB-dhaB, PC4-KGSADHO©] 7| 2% 931, Zef v == ThA|
TRy Uy E 8 3 ZF22(P. denitrificans, ©]% PdE %713
A3hpdhA3hibdhIV A3hibdhl 50l 591 E % 3-HP AJ2kell AF&-5] At}
YA =25 € 3-HP A 2tol] th3 GdrAB¥} DhaB2] W 2= W7ol th 3t
A 7= Pd A3hpdhA3hibdhIV A3hibdhI (pUCPK’/PC3-gdrAB-dhaB,
PC4-KGSADH)o| A 24 ¥t} 29 B129] 35 & 73= 0hell 12uME
a3 o 2 215 AT} Pd A3hpdhA3hibdhIV A3hibdhl
(pUCPK’/PC3-dhaB-gdrAB, PC4-KGSADH)= th& 0 2 AF& 5 9t} & 179
S1~833+= A1 %3 Pd A3hpdhA3hibdhIV A3hibdhl (pUCPK’/PC3-gdrAB-dhaB,
PC4-KGSADH)l| 9] ¢t 2 2] M Z 2 F-F 3-HPS] A4hE HojFa1 9l om, & 179
01~033= A1 %3 Pd A3hpdhA3hibdhIV A3hibdhl (pUCPK’/ PC3-dhaB-gdrAB,
PC4-KGSADH)l| 2] 8 = 2] Al & 24§ 3-HP2] A4k Yebdlnt & 179] S13
Ol= = A& 3ol gl 499 235 RoFa 1o, &= 179] $23 02+=
ARG B129] ol §l= 4o 23S RolErh vhi, = 179 S33 03+
2] B127F 3w Aol th F o Abol ol A2l = 2 Aol 7t
AATE 1y T E (cobal) 9} F A B127F 35 Pd
A3hpdhA3hibdhIV A3hibdhI (pUCPK’/PC3-gdrAB-dhaB, PC4-KGSADH) <l
o1&t 3-HP A4h2 12h F 77} 41%, 29% = 5718 th. o] 8] 3+ A 7}= DhaB
WS &7l golape) £ & FukE ofkof o &8 W=t AL ou] )
i%E(cobalt).l 7} Al 12hell 3-HPA 1,3-PDO7}F 45 = 21 &
AR 2 Aol A e 3HPA7].(:7HLE olg) ZEAF = =
(£9). SAEE5H 3-HP A4t =82 ~10]0 01, o]= 54
o] <t dél 3-HP AJAtell AbE-5 1L B AJ4HE 3-HP= ThA] 238) 5 A
o m] gkt

§2 e

32 W ovo m}L‘
D

Z yo oL

FUlO FUHU _\"L g'd.u

rr

>4

UO
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[160] [359]
A 23 ey~ vy E 8 ) 22~ (P. denitrificans)
A3hpdhA3hibthVA3hibthQ 12-h 8] QFoll A Bt AR

S2 S3 02 03
substrates
Glucose (mM) 0.58 091 0.67 0.88
Glycerol (mM) 64.13 52.15 44.92 37.45
Biomass (g/L) 1.51 1.36 1.66 1.17
Metabolites
3-HP (mM) 64.83 49.51 45.93 38.24
3-HPA (mM) 0.78 0.52 0 0.39
1,3-PDO (mM) 3.55 4.95 1.37 1.42
Growth rate ({y,,, h'!) 0.56 0.54 0.54 0.53
3-HP yield on glycerol 1.01 0.95 1.02 1.02
(mol/mol)
Glycerol carbon recovery |1.08 1.05 1.05 1.07
(%)

[161]
[162] (2 && 84
[163] Al Zkol] uw}E DhaB9} KGSADH] in vitro &4 34 o] 4 ¥ 1 th(% 18). DhaB
A4S KGSADH f.429] &4 & o] &3l A 131, KGSADH &4 &4 &
Z2H Loy =2 7] A B A2 3te] 24 ¥t} DhaB & GdrAB -7 4}
47} v w DhaB 2/ o] Stol A= A o2 A& E i}, sh 22 A E
HE = 322k B129] F+7F= 23] 2] DhaB &40 A2 24 A o}%
o7& Ao R #FE Q) 3- HPA«l Ao & g A = %E}% [l
sk Zlo| %] F714 %1 *‘6*01 dastry 1o g 7HA $8 %
DhaB A & v = 21 9H S 2 3= DhaBe] 8484 & S83
3= Slojth A *P‘f’“ﬁ? A 27} ol A gdrB o] ] Gl=A] 1
= 82 31A] ¢t} gdrB translation®l] L FIA] A e} 5 F4 OH Klebsiella
pneumoniae) 2] RBS7F AR5 @131 55 o] F-3t-of] of =

o KA
>4>}Lr

—_—

[164]

[165]  (3) GdrAB, DhaB, KGSADH #}%+& 2] 23} Pd A3hpdhA3hibdhIVA3hibdhl
(pUCPK’/ PC3- gdrAB-dhaB, PC4-KGSADH)2| H}o] @ 2] e ujj %

[166]  Pd A3hpdhA3hibdhIVA3hibdhl (pUCPK’/PC3-gdrAB-dhaB, PC4-KGSADH)¥} Pd
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[167]

[168]
[169]
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A3hpdhA3hibdhIVA3hibdhl (pUCPK’/PC3-dhaB-gdrAB, PC4-KGSADH) 52
o] && =)l E T = F 2 F7HA uto] g N E o] = H AT
ulol @ el NE] AFol A SFZ28f S M FE 55 242 10, 150mM 2.t} 5HA
A5 At 64 Zbeket = FEh| o] E (glutamate) 7+ Al 40 8- 8l & 5 H AT
W 2 2 5 vlo] @ 2 N e ESol| A ¥ 52§k Al 240 o] dEE AT 5 ok
B Aol OAIE & At al 1§ A EAGE BEE E7HA] A S E AT
Hlo] © 2] ehE] Aol A 3= Pd A3hpdhA3hibdhIVA3hibdhl (pUCPK’/PC3-dhaB-gdrAB,
PC4-KGSADH) 157} AH&- 5] 31t} (5= 19). 3-HP AR 36 A X17kA] th A =
Z718ke] 58 +2 g/L o], AAtE 1.2 g/L/h, 28 Al E 2 E 0.9 mol/mol ©]42]
3-HP =8&0] 9o} At} 3-HP 2452 3= 3641 7+ & 7+ 48190t} 36h *E] 48h
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