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abstract

In order to solve the environmental problems caused by current plastics, we conducted the
research with the aim of biosynthesizing high-performance bioplastics with biodegradability.
The genes of (R)-3-hydroxyacyl-CoA ligase and (R)-specific enoyl-CoA hydratase as monomer
unit supplying enzymes for polyhydroxyalkanoate (PHA) in Pseudomonas sp. 61-3 were cloned
and identified. Introduction of monomer unit supplying enzyme genes into Cupriavidus necator
together with phaCl or the variant phaCI(STQK) gene from Pseudomonas sp. 61-3 resulted in

the synthesis of P(3HB-co-3HA) and P(LA-co-3HB) copolymers from sugar or fatty acids.
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(R)-3HA-CoA V H —BiEM: 2 A 3 25 PP0763 Ein ORI REY & MEME 2 =9 & E i
koHeE L N EOBRFHEE A KT T A ~— % &F L. Pseudomonas sp. 61-3 O )
2 DNA @ degenerate PCR & 1T o 72, IR IZ 15 & U 72 ¥ & PE ) o 35 JE B 1 % 35 12 nested PCR
AT o 72, 3.5 kb Sall-EcoRI fHI O M F Bl 51 2 P& L 726 & . 1,683 M ELxf. 560 7 I / &
RN DHEES T8 62kDa DX > N7 % a2 — KL TWiz, Pseudomonas sp. 61-3 O
HEE (R)-3HA-CoA UV W — BBz FOHEE TR FE M IL PA3924 O Z & 97% D FAE M Z = L

-, Wiz, = o #HE

F1 phaClGps B ET(R)-3HA-CoA V H—BRIZTZ¥A L7=FM X R. eutropha H16dC $RIZ X 5 PHA A

(R)-3HA-CoA VU W7 —E &

PHA composition (mol%)

. ) Dry‘clcll PHA PHA 3HA (C6-14)
. . . N — s t s sht tent trat
618 LY phaGi&Eils 1% RS GELEvRREMATSTS) “(';t; Cg&j‘:‘) CU"C(:;S " 34B 3HHx 3HO 3HD 3HDD 3HSDD
(C4) (C6) (C8) (Cl0) (CI2) (CI2)
e g - pIASC22 0.7 1.0 0.01 10 0 0 0 0 0
phaCI " ’fZS % é: é: %) &\_ = (Pps, phaClys)
. PRTCAA-G and pJASc22 0.8 12 0.01 00 0 0 0 0 0
AN L7z C. necator H16dC ® (P, phaGro)
(Pps, phaClys)
FHHL 2 BRIX . PA3924 & A PRTcAA-GMCL(Pa) and pJASc22 15 8.6 0.13 938 0 22 24 16 0

(Piac, phaGps, PA3924)
(Prs, phaClps)
*Sk k IE‘I 1:% L‘ i ]\ - A pRTcASc2-GMCL(Ps) and pJASc22 0.9 7.6 0.07 946 0.5 1.8 17 1.2 0.2
(Piac, phaGps, (R)-3HA-CoA ligase
=1 AN > Y AN ene (Ps
2o i WA R A ) g )
(Prs, phaClps)
Cells were cultivated at 30°C for 72 h in mineral salt medium containing 2% (w/v) fructose.
i
L/ < §-§ *ﬁ $ 8~9 wt% C 3HB, 3-hydroxybutyrate; 3HHx, 3-hydroxyhexanoate; 3HO, 3-hydroxyoctanoate; 3HD, 3-hydroxydecanoate; 3HDD, 3-
hydroxydodecanoate; 3HSDD, 3-hydroxy-5-cis-dodecanoate.
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PCR. nested PCR, anchor PCR % 1T » T. Pseudomonas sp. 61-3 O phaJ4ps & 15 F O i 3 i
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2N BEEa—RFLTWk, 2k, %< O Pseudomonas J& Ml # ® MaoC family
dehydratase & 81~99% & i WAH A 1 % 7k L\ P. aeruginosa PAO @ phaJ4p. & {5 T (PA4015)
OFIRED L 81%DMEMEZ R L, Hi\W T, phaldes BIs 1 % phaCl Eis ¥ & L LT K
P LS5218 #RICHE A LT & 2 A phaldra BB TE AR ERBRIC N T D U BERFZR &L

T P(3% 3HB-c0-97% 3HA)% 18 wt% CH& M L7z, £7. C.necator H16dC ® phaCl & 15 ¥
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ZRFWEL LT Drycell  PHA PHA 3HA (C6-14)

plasmid (relevant markers) weight content concentration

. (L) (Wt%) (eL) 3HB 3HHx 3HO 3HD 3HDD 3HSDD

P(3HB-co-3HA) %= & Ak L . (C4)  (C6) (C8) (Cl0) (CI2) (CI2%)

pJASc22 0.8 22.6 0.19 630 33 156 11.6 6.5 0
& AT phade. BAG T % 4 (Frophecie)

pRTXX-J4 and pJASc22 0.7 5.9 0.04 280 47 324 230 119 0
]\ﬁ— }:) }: 3HA I\ sz 73)\ 72 (Prac, phaJ4vra) (Pes, phaClps)

Cells were cultivated at 30°C for 72 h in mineral salt medium containing 0.2% (w/v) tetradecanoate.
3HB, 3-hydroxybutyrate; 3HHx, 3-hydroxyhexanoate; 3HO, 3-hydroxyoctanoate; 3HD, 3-hydroxydecanoate; 3HDD, 3-
[ S . i‘%
mol A)i < =] i = 7:— ( 2 ) ) hydroxydodecanoate; 3H5DD, 3-hydroxy-5-cis-dodecanoate.

X 512, C. necator H16dC |2 Megasphaera elsdeni ® 7' 1 ¥ 4 = )b CoA #x % B % & Ix 1
(pct) . Lactobacillus acetotolerans HT ® D-¥L 1 ik & B % #& {5 7 (ldhD) . PhaCl & &
KB % & 1s + (phaCl(STOK)) %8 AN L-## xR 2ER L, ZoMBzHKE 7 L7 b
—AHLOVWE I NV AR ERFPRE L THEELELZLE Z A, Conecator 13 3HB = = v [ ik
KRB (phbAB) ZH L TWVWHIZbBHOLLT, KU ~v—2a2{ak Lo, %
Z T. C. necator H16 (¥ £ k) O E PHA EAMZ &I+ (phbC) % phaCIl(STOK)
AR FIZE# L 72 HIGCISTQK BRIC LRt AE A4 A LM 2 Bk A FR L | [ AR ICH &

L7, TDOFER. LA EIX 0.5 mol% Rl TH -2, C. necator %15 £ & L T LA X —




AR Y = —P(LA-co-3HB)D EERIZHI O TRl L7 (R3) ., kiT, MM KL RELEE

7% NB ;M C B (K %2 HE5E < £3  pet. phaCl(STOK)H X O ldhD BAZF % WA L7 # %
C. necator H16C1STQK #RIZIBJ 5 LA X— AR Y v —DEKR
Tet, ERPWEHIR L MS Dry cell Polymer Polymer composition
Carbon source  Condition weight content (mol%)
Bl CHEE AT ) OB (gL) (Wt%) LA(C3)  3HB(C4)
Fructose Aerobioc 1.32 49.8 0.1 99.9
S 7t ._ Y a N
MEBET TR, TV Gluconate Aerobioc 343 84.1 0.4 99.6
Fructose Microaerobic 1.45 50.3 0.2 99.8
e mFEPE LzL X2 LA _ ,
Gluconate Microaerobic 1.43 39.8 0.1 99.9

Cells were cultivated at 30°C for 72 h in MS medium containing 2% fructose or 2% sodium
gluconate as the sole carbon source. C. necator H16C1STQK is the strain in which the phbC of
the H16 strain is replaced with phaC1(STOK). LA, D-lactate; 3HB, 3-hydroxybutyrate.

SEBEMN 4.5 mol% L [ kL7

P(LA-co-3HB) % & & 9 % =
#£4 pet. phaCI(STQK)B & O ldhD BT %2 B A L7-#¥ X C. necator

EmTE R (F4) HI16CISTQK BIZ 517 % LA R—2RH Y = —DAR (T Expiis)
Dry cell Polymer Polymer composition
Carbon source  Condition weight content (mol%)
. 0
r /_7\ ?( | ' (gL) (Wt%) LA (C3) 3HB (C4)
Fructose Aerobic 1.12 46.3 1.5 98.5
AT LY C. necator 185 = Gluconate Aerobic 1.10 45.1 45 95.5

Cells were cultivated at 30°C for 24 h in NB medium (growth phase) and were subsequently
cultivated at 30°C for 48 h in nitrogen-free MS medium (polymer accumulation phase)

ELTmEmMRBAAAAT T T AF v o,

containing 2% fructose or 2% sodium gluconate as the sole carbon source. C. necator
H16CISTQK is the strain in which the phbC of the H16 strain is replaced with
P(3 HB-co-3 HA) bS] iy [0) phaCl(STOK). LA, D-lactate; 3HB, 3-hydroxybutyrate.

P(LA-co-3HB)2 AT 2 Z E N TEN, TOEMMENE NI ELLAZEN KWV LA
MELLTED, 20, EMEMNEZERLESTEELZILICEDILEND S,
% T, C.necator 1T Wit ikFEE#RFPWEL LTHATE DT, “MILKFEND O ®MK
BANA T T TAF v 7 OEGREZITV HERIRED LA b & D 7 & BB 5 B & pl ik
DIESL &= BT,
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