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In vivo characterization of FadB homologous enzymes including PaaG, YdbU and YgfG for medium-chain-length (MCL)
polyhydroxyalkanoate (PHA) biosynthesis was carried out in fadB mutant Escherichia coli. Previously, it was reported that
amplification of FadB homologous enzymes such as PaaG and YdbU in fadB mutant E. coli resulted in enhanced
biosynthesis of MCL-PHA by greater than two fold compared with control strain. In this study, we constructed paaG fadB
double mutant E. coli WB114 and ydbU fadB double mutant E. coli WB115 to investigate the roles of PaaG and YdbU in
biosynthesis of MCL-PHA. Inactivation of paaG and ydbU genes in fadB mutant E. coli harboring Pseudomonas sp. 61-3
phaC2 gene reduced the MCL-PHA production to 0.16 and 0.16 PHA gL, respectively from 2 g/L of sodium decanoate,
which are much lower than 0.43 PHA g/L obtained with fadB mutant E. coli WB101 harboring the phaC2 gene. Also, we
identified new FadB homologous enzyme YgfG, and examined its roles by overexpression of ygfG and construction of ygfG
fadB double mutant E. coli WB113.
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Polyhydroxyalkanoates (PHAs)= U9 g4 E4) slol A& '3 Sl& short-chain-length (SCL) PHA|A] ghAd x|
A

AR AF ZAGAM ©@i 9 U AF EAZA A AAg 721 & medium-chain-length (MCL) PHA7Z}A| t}
¥4 el 2243t hydroxycarboxylic acid2 ©]F o]zl %3t 8 WHYE Z3 UtH(1). Escherichia coliv THE
polyester 7-Z2] EZolth(l, 2). PHAsE o|&1 e @& PHA A2t #FERT A8 43 AHES 223 oy,
1A AAFH SR SCL-PHAZE A4 4 = #FE B
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(59). olgld HFEL  enoyl-CoA, 3-ketoacyl-CoA,
(8)-3-hydroxyacyl-CoAE 2.3 E] PHA synthase?| 7|2 o] H&
R3HA-CoA7} FAATE AL AT 4 A o E3
fadB7} V1838 A AR E coliNE olF7A] FeH
A ge F2EA  3te  p-oxidation ZHIHMIEEo0]
R3HA-CoAZ H#=E Roz dfT10). HIde
FadBe} AL 4 E0°| fudB7t v1848ld A=2E E coli
ofxe] MCL-PHA A4te] dasirhe o] YWsAHTUID.
¥% ol FadB A} E4ES dd 2dAND H* =
A ® MCL-PHA®] 3o Fridths Ao] 3 FHTh1l).

Wk B =R AE o8 FadB 44} &4¢ PaaGét
YdbU7} w&Asle A2 E colisS AZsle E coli
WellAe] MCL-PHA @At o]g aAEe Ad8%E
FAstAct. = A2 FadB AL E42 YefGE B4
sgon, MCL-PHA AgAdoM9 YefG 982 ®1d}
A gt

[

Al2AFE 2 plasmids

2 F7AM A" dF9 plasmidse Table 1] EA|8}
Ath. E. coli XL1-Blue® plasmid Az 98t gF 7k A}
£3589}y, paaG, ydbU, ygfG7t A)7]E mutant E. coli strains
9] AZE bacteriophage A9] red operons ©]-£3} insertional
inactivation WY& AMEEPow(6, 12), ZH4e FAAE
chromosome Atol|A] pACYC18494] 23} tetracycline #|3}
FA42 X@sl4tk PCRS 088t chromosomal Aboll A
o] insertiong ERIBIAT}. E. colidf Ao {32 FAA ME
& Hug E coli K129] genome sequencesE o33t
(13). E. coli ygfGE Table 294 B R primersE A}&3}a],
pl0499A 2] EcoRI-HindIl sitesol] cloning 331t} Polymerase
chain reaction (PCR) Expand™ High Fidelity PCR System
(Roche Molecular Biochemicals, Mannheim, Germany)E ©]%-
3ted PCR Thermal Cycler MP (Takara Shuzo Co., Shiga,
Japan)2 4335}l DNA sequencing-2 Bigdye terminator
cycle sequencing kit (Perkin-Elmer Co., Boston, MA, USA)3}
Taq polymeraseE AF2-3led ABI Prism™ 377 DNA
sequencer (Perkin-Elmer Co.)Z2 ¥-43}9c}

ey

it =AH

A 222 A% AZF E coli®] ¥%-S Luria-Bertani
8 A} (LB, 10 g of Bacto-tryptone, 5 g of Bacto-yeast exiract, 5
g of NaCl per liter)2 A}l th. MCL-PHAS] A4He €5}
o, =T E coli= 100 mLe] LB ix|o] BAYOF 2 gL
F5 9] sodium decanoate (Sigma Co., St. Louis, MO, USA)E
AHg8te] 30°C, 250 rpmoll A 96A1ZF widstdTh By A5
FAA| ampicillin  (Ap, 50 mg/l), chloramphenicol (Cm, 34
mg/L), tetracycline (Tc, 5 mg/L)E v X} A7}5tc)

=
24wy

PHA w9} ZAL fused silica capillary column (Supelco
SPB™-5, 30 m ( 0.32 mm ID 025 mm film, Bellefonte, PA,
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USA)E 2zl gas chromatography (Agilent Technologies,
Wilmington, DE, USA)E o]-&sla] EA&tgrh(id). T4 =
=9} PHA E&& oo Band U315 A4

Table 1. Bacterial strains and plasmids used in this study

Reference

Relevant Characteristics
or Source

Strain or Plasmid

E. coli strains

recAl, endAl, gyrA96, thi, hsdR17, suppE44,

XL1-Blue relAl, I, lac, F’[proAB lacl® lacZ(M15, Tnl0 Stratagene’
tet) ]

W3110 F mcrA merB IN(rrmD'rrnE) 1( KCTC®

WB101 W3110 (fadB::Km) 6,12

WBI113 W3110 (fadB::Km YgfG::Tc) This study

WB114 W3110 (fadB::Km PaaG::Tc) This study

WBI115 W3110 (fadB::Km ydbU::Tc) This study
Plasmids

p10499A pTrc99A derivative; Ap'; gntT104 promoter 12
sy OIS s 0t o

p10499YgfG pl0O499A derivative; E. coli ygfG gene This study

“Stratagene Cloning System, La Jolla, CA, USA.
"Korean Collection for Type Cultures, Daejeon, Republic of Korea.

Table 2. Primers used in PCR experiments®

Sequence Gene Template
GGA ATT CAT GAA TIT ATC CAG ACG
CAAT E. coli W3110
CCC AAG CTT TTA ATG ACC AAC GAA ATT yefG chromosome
AGG

“Restriction enzyme sites are shown in boldface type.

Zu % nE

fadB homologous mutant E. coli strains A%}

B1H paaG$}t ydbU7} AZF E. colidfx] PHA A3HAl )
ojg@A FoAsl=rlE &91sty] $15te], fadB mutant E. coli
strain WBI101ol|A paaG%} ydbU’} ¥IBAZLE #3E AT
9k 2 Ax, WBI01A 242t paaGe} ydbU7} w1843}
¥ WBI1142} WBIL15E A23514th. PHA polymerase 2
Pseudomonas sp. 6-19 phaC2(16)E ARS8} A ZF§ E. coli
o] PHA A4S 1T phaC2E Ze AZXF
WB1013} A)2tE Az% WBI114, WBI15 #3252 sodium
decanocateE E©AYoZ3dto] LB HiRYA] wjost FAae
Table 39l ¥A)3HTE Table 394 B AR Z0] paaGet ydbU
7} Ztzt AAY WBI114s} WBIISE o 2@F
WBI1013} H|&3 34 F25 7HEAT, PHA $x9 e
=74 74359t WBI01o] 043 g/L PHA =59 44.6 wt%
PHA 2 7}z x|ql, WBL149} WBil15: 742} 0.16 g/Le}
162 wt%, 0.16 g/L9} 158 wi%Y 2 PHA ¥%¢ s
7R, dAg, dEAY] &L BT dlsd gEg 7
th olglst AHEZRE paaGS} ydbUE fadB7} AAR
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Table 3. Results of flask cultures of mutant E. coli strains harboring pMCS104613C2 andfor a pl0499A derivative containing fadB homologous

gene ygfG"
Strain Condition DCW (g/L) PHA conc. (g/L) PHA content (wt%) Monomer composition
3HB 3HHx 3HO 3HD
WB101 pMCS104613C2° 0.98(z0.01) 0.43(+0.01) 44.6(£1.3) 0 9(+2) 37(£2) 54(x3)
WBI114  pMCS104613C2 1.05(£0.1) 0.16(+0.03) 16.2(£2.0) 0 10(+3) 41(£3) 49(+4)
WB115  pMCS104613C2 1.08(z0.1) 0.16(£0.02) 15.8(x2.1) 0 9(+3) 40(+3) 51(£3)
WBI113  pMCS104613C2 1.03(£0.1) 0.20(+0.02) 19.9(21.8) 0 11(£2) 42(+2) 47(23)
WBI101  pMCS104613C2+ pl0499A° 0.88(0.01) 0.16(0.01) 17.9(z0.9) 0 9(£2) 38(+2) 53(+2)
WB101 pMCS104613C2 + p10499YgfG 0.88(+£0.04) 0.20(+0.03) 23.2(21.3) 0 12(£3) 42(+4) 46(+4)

‘Cells were cultivated for 96 h at 30°C in LB medium supplemented with 2 g/L of sodium decanoate. Cultures were carried out in triplicates.

"Data were taken from (12).
‘Data were taken from (6).

Foll A B-oxidation pathwayoll4] Qo]Z enoyl-CoAE PHA
polymerase®] 7]d=Z ALEEHE R3HA-CoOAZ WHIA7I=YH)
#FAdtte A4S g 4 Jdunk

A28 FadB homologous enzyme YgfG

E. coli genome sequenced)|*] FadBot +A}3l enzymes &
3 A3y (http;//www.ncbinlm.nih.gov/BLAST/) A}&EA FadB2}
S ZH= YfGE  BISINTH4%  identity of 128
homologous amino acids). AJ&A BAE yefGr} o] B
B paaGol ybUSH 2 ABL HerkE BT A
yegfG7t Btk LA E E coliz AFste] PHA A¥AHS 48
B} TE Pseudomonas sp. 61-3 phaC29}+ E. coli ygfG7} 237}+9)
plasmido] /] W#o] & E coli WBIOI (pMCSI04613C2 +
pl0499YegfG)E 2 g/L sodium decancate”} 371¥ LB HjA| o 4]
WFS AT ygfGrl AT BEHA Qe E coli WBIOI
(PMCS104613C2 + pl0499AYHTE =& PHA %9 ke 7}
Fth E coli WB101 (pMCS104613C2 + p10499A)el| A1 2] PHA
o e A7 016 gL 179 wt%FPAT, E coli
WB101 (pMCS104613C2 + pl0499YgfG)= 0.20 g/L PHA F%
o} 232 wt% & 7 Ch AT, o)A Hile]X PaaGe}
YdUZE Zo} &8 A2 B PHAS Aabo] 2v) o] 7}
# A9sh da BT, VerGe] Hth wde PHAS B4kl
A FEFE vAAe L&Ak Table 3614 HAARo|, E
coli WB1019] pMCS104613C2 vector?} pi0499A f-2f2] vector
£ 2% z2te Z4$E pMCSI4613C2 vector 31UEHS Zte 74
$HTH Ue PHA E9) PHA 98¢ 7HAlc

3} E coli WBI019)A ygfG7} B1&413lE WB113E A
Zste] kst A3 PHA wxeF 2 77t 020 gL}
199 wt%& 7HReH, o83t FES WBI0IA 2ol g
Exth U9kom, paaGel ydbU7} A AE mutantso A Hoizl
H5F fAE e sk H2) YefGE  tricarboxylic
acid cycleol|A] F#]3t succinyl-CoAE propionyl-CoAZ A&
e #ogichs Alde] BEzlEd (17), MEA B8
YefGe ol#3t 715 99 PaaGul YdbU$} vlz7FA] 2 FadB
9} homologyE Zte= enzymeS ZA] fatty acid pathwayol A
PHA synthesis2 AFAE FF3hs 98e dvke AME

g3t

o ok
T e |

ANZE E colis o243 MCL-PHAS] A2toll A fatty acid
pathway25-E] PHA A A7A E2Ec] At
AT &7 olo] BolEhs enzymeso] HEHAT vk & =
E| M= protein homology searchZ2H-E BAH  paaGS}
ydbU genes?] PHA AFAojre] I&E FRlslr] 95ty
paaG%} ydbU geneo] Z+z} knock-out® mutant E. coli strains
2 AZstE T AZE mutant E coliS L EAFERT Y&
PHA %o %S 7hzon, oes AAEZHE paaG
ydbU= fatty acid pathwayo|A] PHA synthesis®] A+ &3
£2 FRAGE ANE AUAA. EH AL Fadb
homologous enzyme YgfGE B350, ygfG geneo|
overexpression® #F 9 ygfG mutantZ % 3le] PHA #A
& AR B3} yefOE paaGL} ydbUSH §AR A FE B
= AME YRtk ol AFAAEL E colidMe]
MCL-PHA ©@3A S &4 Z2E st a4 PHA
A #FE ARG £ A Z Aoltk

f

a A

o] A3 HEr|er ZVIAAETA (National Research
Laboratory) A3 BK21 program®] <A5tH] X {of 2]3}ld]
FHEPLH, ofd ZA=HUTL
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