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An inducible expression system of poly[(R)-3-hydroxybutyrate] (PHB) depolymerization was established in metabolically
engineered Escherichia coli with the PHB biosynthesis genes. The Ralstonia eutropha PHB depolymerase gene was cloned in
a vector system containing the PHB biosynthesis genes and expressed under inducible promoter. Recombinant E. coli
harboring the PHB biosynthesis genes and depolymerase gene was first cultured for the accumulation of PHB, and then the
depolymerase was expressed resulting in the degradation of accumulated PHB into (R)-3-hydroxybutyric acid (R3HB). R3HB
could be produced with the concentration of 7.6 g/L in flask culture. Two different PHB biosynthesis genes from Alcaligenes
latus and R. eutropha were compared for the production of R3HB. This strategy can be used for the production of
enantiomerically pure (R)-hydroxycarboxylic acids with high concentration.
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PHBE UIAE ol gt A z2A0A ouix ¢ &
29 AR 242AM FHH7] Wi, PHBE 33t oA
gAFEZAZ ALEY 4 Q& depolymerization systeme| Z A3
th10). o83t u]PE 2] depolymerization systemg o8&}
of 1¥EZ PHBS AA3l= wildtype FFZRE RIHBE
Adeke A7 23t LEREQATHL). =% H2d = PHB &
24 F329} depolymerase A FAlo ©]-8-3e] RHAs
E ad oste AN ¢ e AERF oFTe] ML=
t12). ALE A=25 WAF2 Ralstonia eutrophad A 523
PHA A%t #AAHE, B-ketothiolase, acetoacetyl-CoA reductase,
PHA synthase™} R eutropha®|X @3+ depolymerase #-H A}
& A4 constitutive promoterE o]-8-5le] AHA|FOZH HE
Yol PHBS £3X|7]A ¥ €lE w2 R3HBE &-H|3}
o AASIATHI2). &AL olFA AFE Az digdEe
A 438 A RHBE #uldly) wid 1F:
R3HBE ¢17] olgle EAFS 71X gich

weld E =RojA: PHB depolymerase GAAE
inducible promoterE ©o|&3le] LHAAH IFEEE PHBES
%43 ol%e) RIHBE EHIZ 5 & Az dATE
Nde A7E FPsA

AR #F 4 plasmids

B A7 A AMEE 739} plasmidsE-S Table 19 EA)
At fRA 22E A4 Ay digTY ede
Luria-Bertani  Hj %] (LB, 10 g of Bacto-tryptone, 5 g of
Bacto-yeast extract, 10 g of NaCl per liter)E A1-8-3}4d R
eutrophaol ] 23t PHB depolymerase®] coding region
(phaZp) & 23171 9)8}] Table 19| fs9} bs primersE A}
QT FUA 2o YA e olde) Bag 3
%35}9tH(15). Polymerase chain reaction (PCR)-2 Expand™
High Fidelity PCR System (Roche Molecular Biochemicals,
Mannheim, Germany)Z ©}-83}ed PCR Thermal Cycler MP
(Takara Shuzo Co., Shiga, Japan)E F33}Htk. DNA
sequencingS  Bigdye terminator cycle sequencing kit
(Perkin-Elmer Co., Boston, MA, USA)3} Taq polymerases
AREEke] ABI Prism™ 377 DNA sequencer (Perkin-Elmer
Co)2 B3ttt

S

AZF AR NE RIHBE AU ok Be )
AE A3k Wi 2AEL o Zoi12). 135 g
KHPO, 4 g (NH),HPO, 14 g MgSO; . 7TH,0, 1.7 g citric
acid, 712]31 5 mL trace metal solutiong WjA] 1 Lol o
R ] pHE 692 ZAHE Ptk AHEH trace metal solutione)
24 5 MHCl 1 Loj 10 g FeSO,.THO, 2 g CaCl, 22 g
ZnSO,.7TH;O, 0.5 g MnSO4.4H,0, 1 g CuSOs.5H.0, 0.1 g
(NH)eMo702s . 4H,0, 28131 0.02 g NaB,O;. I0H,0E ©]F9]
Atk giadozE 20 gL glucoseE AMR-EIGon, g
thiamine®} FE= 20 mgLAtt Bad AL FAAE A
slgon, gAY FTE 100 ug/mL ampicillin, 50 pg/mL
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chloramphenicalo] )t} W72 37°C, 250 rpmoj|A] 250 mL
Erlenmeyer flaske]) 100 mL2] BjR|o)A] wjokal Tt vk 484
7t o]Fo uiz] ol 1 mM9] isopropyl-thiogalactoside (ITPG)
7} HA A71ete] depolymeraseE WHA|ZITH

Table 1. Strains, plasmids and PCR primers

Strain, plasmid or Source or
. Relevant features
primer reference
supE44  hsdR17 recAl endAl gyrA96 thi
E coli XL1-Blue reldl lac FlproAB" lacF  lacZAMIS Stratagene'
Tnl0(tet))

Plasmids

pTrc99a Cloning vector; Ap' Pharmacia”
plC4 Expression vector containing A. latus phaCy, 13

phaA and phaBy; hok/sok locus; Ap’

Expression vector containing R eutropha

pSYL105 PhaCr., phaAg. and phaBg.;, hok/sok locus; Ap 14
pSYL105 containing phaZg,

pTrc99aRed pTrc99a containing phaZg, This study

pJC4Red_trc pIC4 containing phaZp, expressed by trc This study
promoter

pSYL105Red_trc pSYLI0S containing phaZs, expressed by trc This study
promoter

Primers

fp2 GCAAGCTTCGACTGCACGGTGCACC

fs GCTACGTAGGTCTCGCATGCTCTACCAATTGCATG

bs CGGGATCCAAGCTTACCTGGTGGCCGAGGC

“Stratagene Cloning Systems, La Jolla, CA.
"Amersham Pharmacia Biotech, Uppsala, Sweden.

24 =

oA FE9 PHB F5€ o) Zud &8 AHed %
He 3
o] WBSF FAFTE R3HBY ¥ X+ high-performance
liquid chromatography (HPLC)S o]-&3te ZAA3IYTHI2).
PHB7} A|¥W depolymerased] Q&jA £3)7} 2 wf dji&
o} dimert} oligomer FEJZ R3HB monomers} 7 Hjx]
E Ful¥ch R3HB dimer?} -2 oligomerE alkaline Z71°]
Ale] 233t FAle]E R3HB monomer FE{E F3}5 o]k
12).

Zn 9y
Plamids pJC4Red_trc 2! pSYL105Red_trc A|%}
Plasmid pTrc99aRed= R. euwtropha®] chromosomal DNAZS

template 2 121 fs¢} bsE primersE A3l PCRo) 93}

& ¢ojd DNAYHES Bsal-HindllE A9sly, e AT

BEAER HYH pTre99aZ ligationste] A3l ch(Fig. 1).

Trc promoter$} AZAE phaZp pTrc99aRedE template £ A}

23] fp29} bs primersS o83} ZFE31¢c}l. Plasmids

pJC4Red_trc®} pSYL105Red_tre= 7z} plC49} pSYL10SE

Hindlll2 AG3l1 pTrc99aRedZ3E ZZ 3 DNA ©H

(PhaZp) & “HA7IAE HindllZ A3 & ligationdle] =2}

= SACHFig. 1).
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pTrc99a R. eutropha chromosomal DNA
Bsal / Hindlt PCR
Bsal / HindIl1
lac ' (trc promoter, Hindll
pTrc99aRed % } YrmBTT,
(5.4 kbp)
. Ap,
~
PCR
pJC4 Hindlll pSYL105

Hindlll Hindlll

phady
/ pJC4Red tre \\
(10.1 kbp)
\Ori phaCy
phaZ,, y
:\_/

BamH] BamH1
Hindlil

ori phad
l pSYL105Red trc
(10 2kb)

Figare 1. Construction  of
pSYL105Red_trc.

plasmids  pJC4Red_trc  and

Inducible systemZ o}&st R3HB2| MAH

Inducible system-2 ©]-8-3l¢ R3HBS| A4t 715A4LS &9l
s17] 9fsted, AZE A lawsoA e PHB A #-4
A}, PHB synthase (phaC), P-ketothiolase (phada),
acetoacetyl-CoA reductase (phaBa),} R. eutrophad) A -3t
PHB depolymerase (phaZz)E 3t A2 o7 XLI1- Blue
(pJC4Red_trc)E flaskoll A viokslsch A YATE
A PHBE ZAA77] $ste] deulR|oM glucoseZ %ﬁ:
o7 Abgste 37°CoA] wjdEtRT) A lause] PHB A)d

A FAA= AHA] constitutive promoterd]] ©)3}e] HFEo]
oJHeni(13), Azel wet H¥% PHBY ke ZAsdc
e iAo A 48A17F HRYE o]F XL1-Blue (pJC4Red_trc)2)]
PHB X9} PHB 382 7zt7} 3.26 g/L¥} 68%= 71HT) 48
AZE uieF o]F IPTGE wiA| Wlell 1 mMe] FE7} HE2
A7V e 24 depolymeraseE LA ZTE Induction ©]F 9]
wl%F Az W2 ME §%, PHB %%, R3HB %X+ Table
2014 HoAth Depolymeraseo]| <J3le] ®3® PHBE
R3HB®| monomer |2 ut olijz} dimert} oligomers)
FEE EHlHo] Y2tk o8 F oligomers 2313 IAgg
monomer FEje] R3HBE 313 ¥ 55 A28lETH12).
XL1-Blue (pJC4Red_trc)] koA IPTG induction ©]& 2
Azt wiAlE Eu|E R3HBY ¥EE 15 gLIAw, IX
g °]% R3HBY T%& 4.6 glL7} viA o] BHEHIC)
o] o), thadz el PHB ¥5& 021 gLz 725t H)
ol ZyH o] induction ©]F 6A17tAA wjAUle] R3HBY
¥5E 13 g, 948 & W] R3HB SEE 7.6 gl
S7FetTh o] W AZF g W9 PHB FEE 0.09 g/L
2 7+43tgth Induction o]F 6A7Fe] Bsl® PHBY 28
€ 20 g/L9] glucosed)] tal|A 38% 2 A= i)

Ak 2] constitutive promoterE Zti U R eutrophad) A
23 PHB synthesis genes(14), PHB synthase (phaCg.), B
-ketothiolase (phaAg.), acetoacetyl-CoA reductase (phaBg.),%}
depolymerase gene (phaZg.)S ZtE XL1-Blue (pSYLI105Red_
tre)e= 48A17F %k o]& 206 gL PHB ¥%9 62%9
PHB 3gl2kS 713 Tl IPTG induction ©]& 2X|7}e] PHB ¥
=% 016 g/LZ ZHA3lgon, R3HBY ¥%9 gGxz] &
R3HBY] FEv Z7F 2.0 g/l 49 gLty 6AI17F Az &
o= 12 gL monomer R3HBY "Az] & 70 gL
R3HB F%Z 7FHt} Glucosed] thal 4+8-& 35% 2 A4AHE
Rt

Table 298] AMNZHE, A lamso|A] 23t PHB AsHA
FAARE Ze AZRF WA TFE o]8E HALU R eutrohpha
oA e PHB A fAAE Ze A¢ET o &
PHB 3% #3l€ R3HB =9 4&& Uehiich “:ﬂ
induction ©]%o] R3HBY BLi= Al7te) wie} Zvlslgom,
o3t AxzHe AZE AZIF NFFL induction °] &
= Al&s|A PHBE /s, FA4=o7 PHB= @A U
of ZAHA g1 ug BaHo wiAz Eulgces ARe

Table 2. Production of (R)-3-hydroxybutyric acid by recombinant E. coli harboring plasmids containing PHB biosynthesis genes from Alcaligenes
latus or Ralstonia eutropha and the R. eutropha intracellular PHB depolymerase expressed by using trc promoter in a defined medium®

Plasmid Time after induction | Cell concentration Residue.ﬂ cell Concentration (g/) ROHB Yield (%)
(h) (g/L) concentration (g/L) PHB R3HB Heat treated

pJC4Red_trc 0 4.8(+0.8) 1.54 3.26(£0.5) 0 0 0

2 1.6(+0.4) 1.39 0.21(+0.05) 1.5(x0.2) 4.6(+0.4) 23

4 1.5(+0.3) 1.35 0.15(+0.08) 1.9(20.3) 4.9(+0.3) 25

6 1.5(20.3) 1.41 0.09(+0.03) 1.3(20.2) 7.6(x0.2) 38

pSYL105Red_trc 0 3.3(x0.9) 1.24 2.06(+0.8) 0 0 0
2 1.8(20.3) 1.84 0.16(£0.04) 2.0(+0.3) 4.9(+0.3) 25
4 1.8(+0.2) 1.66 0.14(+0.03) 1.7¢(x0.2) 5.1(£0.4) 26

6 1.7(x0.3) 1.62 0.08(£0.03) 1.2(x0.3) 7.0(+0.2) 35

*Cultures were carried out in triplicate.
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& F U £ AE =04 PHB F=& W 7o A
¥ %X (residual cell concentration)= induction ©]3Zo] A<
YA %g 7ML doH, R AEIL § o AFst
A 93 PHBE A5ty nlz Zsce AHS 233
o

o]2] 3t flask Wioke] AE X WolA PHB7} nEA 3
B2 dojA 4= Qe FE (3-8 g/L)ghE R3HBYL Al Y2
Fulgde AMde Hejedh mEbd wF¥Ee PHBE ¢&
JE G712 vjokel] 2 dAdlA AZE inducible system
ol &% AMZF TS ASSH 1¥E9 R3HBE
A & s Aotk &g, AFAAY AR dgdE
o] 83t PHAS A4t AT-2RE ThF3t TFA RHASE ©]
Fo11 PHAE | Az a2 HE A=A ok
w}2}A PHB depolymerasz9}= ThE PHA 712 5o]Ade zt
£ depolymerase genes®] PHA b 2z t)Adl cloning
HolAthy, kst RHAs7F AZE diAwe] 2] o5ty
AAR oz AitEo]d Flo|o)

to 4

2 o

Inducible system& ©]-&3&a]  (R)-hydroxybutyric acid
®R3HB)Z AA3te AZFE A dS ARt Ralswonia
eutropha9l| X @3+ PHB depolymerase +7A+E inducible
promoters] 93l LA A e, PHB AF4H FHA7}
vectord)] cloningd}dtl. PHB AIgA  HAA9)
depolymerase FAAE 7tA 1 e AZF WZTE NS
st WA PHBE %2271 Fol depolymeraseE LHAA
A Wz Pul® RIHBE ot o dd -
PHB2| thrEo & F depolymerased] 2|3l E3) =R
0., depolymerase®] @@ o|Zox AZF dUlidTS PHB
g 78y 25l R3HBY FEE wgAIe] wat
Z715t9d k. ol 3 A= inducible depolymeraseE 7t
Az AFS o]&3l9q & ¥E9 RHBE 4<
Aot AL BAFE

o) =
AT

1

sy
A~
na

2z A

o] Afe /)R IR AHAT4A (National Research
Laboratory) At} sh=xatalAld zujAgat3yddT4de 2
BK21 program®] tH] Aol o3t FeEglom, od
=AU,

10.

12.

13.

15.
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