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Two promoters (trc and Pp) were inserted in PHA operon derived from Alcaligenes eutrophus to obtain high chain molecules of
polyhydroxybutyrate (PHB) in recombinant Escherichia coli. Newly designed PHA operon was used to control the gene expressions
of hydroxybutyric CoA and PHA polymerization, separately. Plasmids containing new synthetic operon was transformed into £ colf
DHSa and analyzed for PHB production. Without induction of the PHA biosynthetic operon, PHA synthase which has low activity
might supply low concentration of initiator dunng the polymerization reaction, resulting very high molecular weight of polymer. An
increase of PHB average molecular weight was observed with decreased IPTG (isopropyl B -Dithiogalactosidase) concentration.

When no IPTG was added to the culture of £ coli DH5a/pSJS1

which contained two promoters in PHA operon, high chain

polymer having an average molecular weight of 25 X 10” was achieved. Analysis of the enzyme activities of PHA biosynthetic
enzymes suggests that PHA synthase, the enzyme responsible for polymerizing 3-hydroxybutyric CoA, controls the molecular weight

of PHB produced in vivo.

Key Words :

ANoE

Polyhydroxybutyrate (PHB)= T4 Zet2El 9] 3473%@}”"]
gAEZA 7bsde A glov obal MR R
~Elof w3 v BaEelAEoR of &5y dee B
7 k1), ol9] FE-S A&l AR U o] folut HolHEE o
£8 PHB #AAT7E @23 ddgsja Slvke, 3).
PHBY] o] gof = shutel EAPoz AA5D o AL B4
Bo|7p zhol oo A7} olrke Aelrh ©lE9 Monsanto
(F A7 Zeneca)olM A4t 3 gly= BIOPOL (PHB-HV 2
Zahe] SHe 2 e7kAE FEHEY HVe g A
Ao Hzte] 93 pRo] Aol 5 Mola el AS AW
ate] ool ofl9l TEITA WAo) o] dFEd EA49 A
olol glo} Balakyl Eatek ol Aol PHBY 4ighe] 4

+ Corresponding Author : Clean Technology Research Center,

Korea Institute of Science and Engineering, P.O. Box 131,

Cheongryang, Seoul 136-791, Korea
Tel 1 +82-2-958-5264, Fax & +82-2
E-mail : simsj@kistmail kist.re.kr

-958-5269

polyhydroxybutyrate, molecular weight, PHA synthase

96

FHolgt dATHA). AEaEA 4o Ao HE FaT F
Qg Baeky gapak £y Aol AT Hol tAEErAd
R ‘]010*] o) 7hsskA HATHG). AHEF tAE o] &8t
o} thiolase2t reductased] 28 #4d¥ hydroxybutyryl-CoA
chabalel 319 Zujels E 402l PHA synthased &
AM oz AojstozM Alcaligenes eutrophus?t Aatste 29
gk Daoll @aly mEAe EAFE 70U Dakd wE F A

Kot} PHBY] ‘ﬂ“ 712k A2z 47l v w2

i
V(
i

[

g rlo

A5 AYS

O

A thiolase, reductase 2 PHA synthasezh
Azl ofs) °]$‘-°17ﬂf4 Figure 1).

SO AZE W oo 4 PHB AT 2da o
RSN AN xﬂ_v;om Aze g dyi

e

o

94 *“*W] A3 O]%f‘z’ F ‘Rl‘; }?‘7; %«] shuiele] w3l
tH6-8)

B 3= PHA synthased] #ojol 23l PHBe| Adl ¥
AHgiant polymer)Z MeAsh=dl 2 Edo] gk 2AE 9]
3 PHA synthase® 4% A F2AA DEAF AA
ukg HESE 3?*04 AduREals B4A71ax st olF
o8 ool dAfGIolM o] 4F3W PHA synthase®] ”L&loj ot



Sang, J.-S., Size Control of Polyhydroxybutyrate

0 NADPH NADP*

2 L —;sz? j\J\ L

CH3 SCoA  tholase CH3 SCoA reductase
PhaA PhaB

OH O 0
l PHA synthase M
e \
CH3 SCoA PhaC O Oa,n

Figure 1. The biosynthetic pathway for polyhydroxyalkanoates
(PHA) in Alcaligenes eutrophus

o,

FA1717) el &2 AAE pSP2 plasmidell thiolase® ZW 3}
phaA #dx ¢l pBR3224IA frele Z2ZREE AAA
FAo ATMHE #2352 PHA synthase?d #4& oA sl=
g ASith

2ol

0
oz

= 2

Alet

FrAzL 22 ol g9 AEAE GIBCO BRLAAM Y&t
o IPTG (isopropyl B -Dithiogalactosidase)t¥ Boehringer
Mannheimoll A +4)8H5ith EA8A 9 =42 Ya) Acetyl- CoA
9} Acetoacetyl-CoAY SigmaolX +U3dtsith. Hydroxybutyryl-
CoA+ ool A¥dd wzt EAHNUHI). gz B go
2 Bio-RadollA] #4&sr)

3 ¥ Plasmid

PHBS AAE $4af plasmid pSJS13# pS]S2¥ DH5« 9
transformation E1t} Plasmid pSP2E pKAS4(10), pTRCN(11),
pAeT10(12)2.2 RE AASAHS). Plasmid pSJS1e pSP2
= XbaIJ"qL BamH1 A& 39 phaC9 phad Atoldl] pPp2e
A AL 017 kbe Pp ZEREE T4 ligaseZ d4slo ns
0178 837 kb9 plasmideltt. Pp ZTRZE 9% phaAd
phaBe] @& #slr] Yl pKK223-3 WEE BamHI
HindllI2 ddstd 42 43 kbs} pSJS1e2 el 94 e
Agdasrg Agkd Pp, phaA, ¥ phaB dHE ZZRETF ¢
v pKK223-3¢] E243td pSJS2& ol o]F ar¥AEH
o o] &8t}

ol -3

[10]
=
2 R it pol

0°39Lr¢

e E59 20 g/l ERE 10 g/1, i_‘i—’}%% 5
SUEF 10 g/LY LB ®iAe] 50 mg/Le ¢
Fellh IPTGE ol &ate 3%, IPTG (0.4 mM)E o
g F3wst B4 600 nmolA 0691 =E u Hrlstgrt
PTG #% ¥t w2 Fxeke) 33l Z2HHEE 8 25
L CMF-100 (CHEMAP, £%12) A2€g ALG3Ia Hay
A gagAde] WElE Audz 9 15 L MCS-10 (MBR
Bioreactor AG, 29]2:)2 o83tk

,

1

o

)

EiOi

PHB &2l

el s AMTAA (10000 g) FHES ZHFZ A

97

A7 FEZEFEECT 5A %

3 AfedetstE Fal olokzf oo

A9 A Aol p & AUAA 24T T 3
40 ol5he %ol PHBE 2%

Synthase, thiclase ¥ reductase® &4

J X
20 T 2
3 Fdslth wExE He 4R 3Hoz AERE HEq
ARG & FEAe weln HAEE -70 °CY Ao @

sty EAEAE Y8 o]F Xolm MY wixlo] Bb Al7kA &
20 F2E A8 AFESAET M9 wixE #EHY 6 g9
Navl{P04, 3 g9 KH.PO, 05 g¢ NaCl, 222 1 g¢ NHCI
& ISt M9 “HZH HEe oA gAReE sl 4 a4
) %*0“011 27b % & 3HUltrasonic Processor xL, Farmingdale,
NY, USA) B&& NA]G}OQI:}. o] & thA] 48000 g 4 °CollA
AN o add RES e synthased H$
TEAREN T dAEE oldy FYARREE o] A
Aol o] &5t
PHA synthase® €42 A Ag0D3 oAz 5, 5-
dithiobis(2 -nitrobenzoic acid)& ©]8-3te] coenzyme A¢ Wi
& RUE Y3t BAsodth dollM AF3 nho} go] saAT

WA es 84 % BEY PR EURE A7 B9 o
&3t A EUe PHB sl #AAW z_ug synthase®] 24
& 7Rz ZAsgn. 283 28 Mo PHA synthaser]

Y 5% 2eiES XEEE 50 m
£ EaAIF

Acetoacetyl CoA reductaset= NADPH®] 2315 2 e &st
AR, 283 £a) Hol reductase AEE 10 mM9
Tris-Cl (pH 80), 1 mM EDTA, 10 mM A -mercaptoethanol,
20% glycerol, 2811 0.2 mM phenylmethylsulfonyl fluoride
A A A

ﬁ—Ketothio]ase Bde NAD Y HAHERE ZA4%o 24

4 KHPO, (pH 7.0)

et ( =53 28 Al thiolase A EE 10 mM9 Tris-
Cl (pH 73) 5 mM B -mercaptoethanol -&<4ol %?"ﬂ"]ﬁq Ex
SAe] 2 g z7] A7 B BAS o3 R HE
FEE A& £ 9long 1 o)l%d ARE AFslgct

Gald o] ¥42 Bradford dye-binding #g& o] &3l =
A th(15).

T2 FEE HPLC Al28(1050 Hewlett Packard HPLC

System)¥ Bio-Rad HPX-87 Z&-& o] &35t} PHB H5&-3
Karr o] 71¥3 HPLC £4& o] 431tH16).

PHB ®¥&% 234

ul;q_oﬂog TH 04011 HBo] —rZ} Z=X ;ﬁ /\18‘41]. _g_%]_z:;l. Hol-
HE o]-431h5). Light Scattering ¥4 Wvatt Technology
AHPE) 8]l Dawn-F-multi-angle laser photometers®t Shodex
K-807LC GPCEE S A8 ddste] A143l9a WatersAH 1))
9 501 B HES} 410 differential refractometerZ o] £3t31ch
22 o]8 Hol 222-triflucroethanol 2 HEA|Z oM ANz
35 “CAlA o &ufo] FalaA FUesT 48 A W ol
o] ¥y H¥S B3 Huygs T BAY 2L PDI goz
39



98

2 4 EE
Pp Z2RE{50| M2l phaA?t phaB REAL wsl
Pp 2R} 98 phadst paB AR 2ES 83}
$18) Pp, phaA, phaBE& Z@she fragmentd ZEZRE7 Qi

Wy pKK223-30 F243te] pSJS2E A E coli DHS a
/pSJS2E 12A17F E¢t el A 1u|okste] thiolase® reductased] &
Ae zAFERITE ZAMAE thiolased] #FAS 0337 unit/mg
protein®| ¢ 3 reductase®] A4S 262 x 10”7 unit/mg protein
S dehlich o] A¥S F3 Pp ZREZEHO 93 phadst
phaB F427F Adz wd¥g #3dd 4 gl

2L wg7loMY IPTG SEof m2 PHB BASX2to| vs|
E coli DH5a/pS]S19 PTG %o w2 23 wigs
AR 98 014 0.4 mMe] IPTG-'; Hjj F ol 9]
nm)7k 0.60] thohE W) Hobsted e ¥
(A 5 24r7kellM 30A17H wHEAEs 2
(CHEMAP, 29%2) ¥a7loA Fdstdct 0old 0.4 mM 71
ol Ae) PTGl 8t A ew 2 §EARE [PTGY %5
7} ARSFE F PHB F8&0 FUlEle ALR L}E]r%}
(Figure 2). sigdol [PTGE #H718lA] &€& A9 PHB Ao
A7 AEE € 4 Ak PHA synthase g9 #a
7} PHBS 4 P% Adfste @4e A9+ Aot 28y
PHB A9 Exle 28t &9kr] wiiol A& gjate
olsl & ¢l %7}*4?’801 Fesjojol & Foltt IPTGY &7t
0, 0.1, 0.4 mM4 77t #7498 v HEz oz HAE PHB
o FEEaeEe 77 58%10°, 4.33x10°, 7.31x10°% ek
o] IPTG % Z7bo] ut2 PHB #H¥EaEke 7H4s vehd
Act ol9t #Ze g 0114 °l AFE) T dA g kA A
e ¥gE d4HEy =2 PTG

2} polydispersity index (PD!
ase- ’DI” L

]
ol F&7h H7kd A

35 Hol FE
Al ark @e AReel nEae FEA A9 WHAS 7
4¥oz AART we oldsl 4¥S Fael o PHA

synthase?] Q%7 7145 PDI7F ARch: AFe9s U3
srh #e w5 [PTG #5& 93 PHA Q329 A}

69 100

Final PHB Concentration (g/L)
Average Molecular Weight (Da)
=
Polydispersity Index (Mw/\Mn)

~—®— Average Mw
—O— PDI
~—&— PHB production

24104 . . . 10
0 0.1 02 03 04

IPTG {mM)

Figure 2. Effects of IPTG concentration on average
molecular weight, polydispersity index and productivity of

PHB in 2 L fermentations of E. coli DH5 a /pS]S1
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