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Two recombinant Escherichia coli strains, GCSC6576 harboring a plasmid pSYL107 containing the Ralstonia eutropha
polyhydroxyalkanoate (PHA) biosynthesis genes and a fadR aftoC mutant LS5218 harboring a plasmid pJC4 containing the
Alcaligenes latus PHA biosynthesis genes were compared for their ability to synthesize poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) [P(3HB-co-3HV)] from whey. The 3HV fraction could be increased by acetic acid induction and oleic acid
supplementation in flask cultures of recombinant E. coli GCSC6576. With the pH-stat fed-batch culture of recombinant E. coli
LS5218, we obtained a cell concentration, a P(3HB-co-3HV) concentration, a P(3HB-co-3HV) content, and a 3HV fraction of
31.8 g/L, 10.6 g/L, 33.4%, and 6.26 mol%, respectively in 39 h.
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Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)]
= PGHB)ETE frdstal ZafA] pilot FRZ AAbso] gEo
v, AZE dATE o8-8l HHYoZHE P(3HB-co-3HV)
S ANEE AT oA FUEA SgT. @y B
Aol A= 532 propionic acid2%E P(3HB-co-3HV)E
A7 A% Az WY FRH 2 Mgz Il
el Yot {7h4 wigE st
M A EHY

=5

Escherichia coli GCSC65762 Ralstonia eutropha PHA A
T LEF E coli fisz AAE EFste Fegiv=
pSYL107(10)2 i3t Q. E. coli LS5218& A|HbAl o)
£ a47) dHEE fadR atoC S olFolv, Alcaligenes
latus PHA A4 FAAE ¥3ee g0 pIC41)E

sk Aok

Hy 2F

£}z WOk 250 ml Z23 50 ml H)R o)A, G712
e 25 L HER (Zule]LE)E o] 8, 27WgY £
0.8 LolA F8gaiict. Eepraa g 2 {7k wide =
7R Z24e g 2t). KH.PO, 13.3 g/L, (NH.).S0, 4
g/L, citric acid 1.7 g/L, MgSOs - THO 12 g/l, v|FU4AE
10 ml/L(12). £]¢] wjA]o] FFuAL-HE HA vk
19 10% (viv) =8 #Hrletd 27 #9557 < 20 gL
7F HEE 4. A ede] Az oedt 2.
FAREL (74% 79, 115% @92 %3, delaph 310 g
0.36 g MgSO, - TH0& %75 1 Lo %3 ¥ 20 mingt &
TAAG FL714 2% & g Yo ¥ d4EIAA
Wz AWEE AT A5Ae 2RALAE A}
259t ¥= A ampicilling 100 mg/LE  H7}8H%TH
Propionic acid F%9] AL UolRr] A dPdxe &
AL EFT 9o viAo) 0 - 80 mMo] ¥EE propionic
acid® H7}stydel Acetic acid induction®] AS$e 334
propionic acidE A|2)g Y] vjA]o| acetic acidE 10 mM
Heg AHriste] wlde AFE T, 600 nmol Mo} EFHFETL
08¢] HYS o +HH} propionic acidE zZ+7 FHEE 20
g/L, propionic acid ¥% 20 mMo] HLE HrlslHrt Oleic
widg WASE AL 1 gL AES WA HFLE
30°C, 7] pHiE NaOHEZ o] 4, 7.002 23 3, ujoks
NHOHE o] 7022 Alojsiglch #744 Woel 712
FFS high limits ©]-&3 pHstat 42 o]&stAtt vk
) ol BF £RHo) pH7k 71 ol Lehd 3%
propionic acid® ¥4 E3Fste] =% 20 g/l, propionic
acid ¥ = 20 mM¢] HEE 34t

ol rir

=2
FAYFE 600 nmol NS FHEF S5 AL
¥, AzARAE  29ee  TleEe  Tehdc

TH(13).
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PHA A #AAE EFshs A%Y AT oZRE
P(3HB-co-3HV) 4o #a) Slater £(14)& B Al (Cy -
Co) AWite] o] go] Ty AAE &0z WEL 4
VE fadR atoC EHWO)F7L PGHB-co-3HV) FAo] 253
9L Aorstgt. 1 olfF nonfadR atoC TFS) AS
3HV 4 7]&9Ql propionic acidE E&FHOZ XF, o|&g
F ¢l WEoE Hoh WA Yim F(15)2 tgdAM
propionate % A|AF]S valerate®} 22 F-E AL AW
Hop= acetate 43 A2 B8 acetateo] w53 &
A3lE &3se Z70] propionate IALS ERFciy B
tt. &, acetate F= 7]Zo] propionated]= FHEHGH
nonadR atoC FFEE PGHB-co-3HV)E ¥4 5 UL
Aokslgtt. XS acetatel} oleateZ  induction AJZL
PHA ¥ 3HV &S F7/H1E & A& Yok ofs
acetatel} oleate”} propionate®] A% = Edo] Bag 54
E7 #HHY] fRFoE Hoyr)

Table 1. Effects of initial propionic acid concentration on specific growth
rate and final cell concentration (after 3 days) of recombinant E. coli
GCSC6576(pSYL107)

Initial propionic acid Specific growth  Cell concentration

concentration (mM) rate (h'l) (g/L)
0 0.251 6.91
10 0.197 4.49
20 0.148 2.81
40 0.0771 1.79
80 0.0289 1.00

Table 2. Comparison of flask culture results (after 3 days) with
recombinant E. coli strains and culture methods from whey (lactose 20
g/L) and propionic acid (20 mM)

Cell PHA PHA  3HV
Strain and cultore method  concentration concentration content  fraction
(/18] (glL) (%)  (mol%)
GCSC6576(pSYL107) trace
. . 3.18 221 69.4
no acetic acid induction amounts
C6576(pSYL107
GCSCEST6(SYLIOT 408 24 525 26
acetic acid induction (10 mM)
GCSC6576(pSYL107)
tic acid induction (10 mM
aeetie fm Am uetion { m ) 38 2.37 62.4 3.03
+ oleic acid supplementation
(1 gL)
L.S5218(pIC4)
3.7 1.37 37.1 7.18

no acetic acid induction

B dAFddMe Azt 71E f3o2HE P(GHB-co-
3JHV)E A2F3E7] 98l A nonfadR atoC #5431 AZF
3t GCSC6576(pSYL107)2 33} propionic acidg& i
she 27RO Fehaa wldE s A F
7] propionic acid ¥ %7} Z714FE wiAdRALEr 2 FHE
AsErt 78ty TiTable 1). Propionic acid7} TAAH%S
Aslsle] @4 2 PHA T8 #aAHE 27MA wild-type
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TFE (16374 A dAdT 159 dsiA & b Aok
Table 20)= 27}z sjoft4le] wlZ P(3HB-co-3HV) 4
A#Z A st4t}l Acetic acid inductiong 314 £ AL
9] PHA W &% 3HV &2 vz BETon, 69.4%
PHAZ I#3l= TAEE 318 gLs AUtk 10 mMo]
acetic acid2 inductionA]|7] 7-9-, 3HV & 2.6 mol%, T
AEsEE 408 glLsE Z7}3t¥r} Acetic acid induction®}
oleic acid 78 ¥4 & ZA-F, 3HV 2 3.03 mol%ZE
acetic acid induction?t AlZl ALHT ¥ =U}E4Tk A
latus®] PHA A3A FAAE 83 fadR atoC EAHO|F
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7.18 mol% HL& 3HVE TIZE TEHAY 3.7 gL
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Figure 1. pH-stat fed-batch culture of recombinant E. coli LS5218(pIC4).

&% £ Q7] 913 pHsat A7H oo
Aot Az it GCSC6576(pSYL107)2] 7}
AL FAETE 619 gL, PHA 3L 66.1%7F
A Z7)3}H 2L} (data not shown), acetic acid inductiono]l}
oleic acid 7} Folx B3 FHzpaa Wy npazbA
2 3HV g:Fo| 2~3 mol% AEE J§ ol P(3HB-co-3HV)
o] Axbel] ZghHatA] gkghctt Choi®} Lee(17)= non-fadR atoC
T2 XL1-Blue(pJC4)& o835t X =T propionic acid
2ZRE p¥%e PGHB-co3HV)E AAsgch  wabA
non-fadR atoC wFEFE PGHB-co-3HV)E AT 75
acetic acid inductioﬁO]L]- oleic acid #A7}elo|= A strain
o] 5 € @iy Abo] Fo] PGHB-co-3HV) el @3k
S = Ao2 AZAAY fadR aoC EAWolFS] A ZF
UATE LS5218(pIC4)e] pH-stat 4712 #joF Az}, 394170
TA%E 31.8 g/Le 3HV &3 626 mol%E E&3ts FF
FAE F4E 5 UATHFig. ). PHA FFL 334%=2 A=
3 tid GCSC6576(pSYL107)e] ZAS-RrTh wokth #A%s

=
o] Azg thAd LS52189] 1f EXMo=E Holn, & {
A3} propionic acidZXE] P(3HB-co-3HV) Al EAo] ¢4
g Az dgTy o] atEY. ol o] fHeE
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R. eutropha®] PHA A&A FAAE 33t SZin|=
pSYL107& 7}4 AZF d)At GCSC65767 A. latus PHA
AP F@AxE e Sgan= pIC4E 74 fadR
atoC EAWo|FE AxF dUFT LS52189] £ o RHE
P(3HB-co-3HV)  AS  HlwsHck  AFRFT  diZT
GCSC6576(pSYL107)e]  Zdt~=  viodollA]  acetic acid
induction®} oleic acid®] #7}= 3HV &35 Z7RAHTE A
23} AT LS52189] pH-stat 712 ®ioFAz, 39X]71o)
A= 318 gL, PGBHB-co-3HV) ¥% 106 gL,
P(3HB-co-3HV) 3=k 33.4%, 3HV &z 626 mol%E L&
T AT

2 Al

B ATE ARER ¥ AFAIAY BA/EAT
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