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WAEMPEAEDRY B Rux o 7 vk ViR (PHA) X BEEZ G Tekk 2 70 B ARBRBE CEN -0 iRk
%%?fﬁﬁ%ﬁ%@%% FHEMTHDH, 2024 FHIE, W< OO PHA HLEEEN A ha— Loy
VN a— AL LT EREENTWDER, S6RDZERIERARD N T NS, £ T
PHA AE}ZO)%?_E%??T&%%) PHA > % —¥(PhaC) D% o /37 B TR ZE 008 ERROHIRZE I
% PHA LEAIRES B OYEROMAEIE 72 & Bix RN 7s S C& T,

PhaC |Z & % PHA BEAIIHFAIEEKAFRI 2 Kl & CHEITT 5720, 76Kk D PHA ILESMRILT &
LELES ERBHIIRDH -T2, —FH T, WERFE SN2 A T8 PHA > % —8 PhaCar i3 PHA 7
0y 7 HESEREEARTEETH D E@E SN, &I T v v 7 ESERITEFRN 72 @ ks &
ZIUTHEK U7 B2t 274728, PhaCar 12 & 5 PHA 7' v 7 EAEOASHITHA PHA
DOPIFRTE L U TR SN D, ABFSE I, KIRD PHA EFEH T® 5 Ralstonia eutropha (Cupriavidus
necator) H16 #k%Z 153 & L, PhaCar I X B 7 0 v 7 WEABGOBEMLZE0RHT-2mAEZ55 2
EERHEBE LTz, 22 TIEHARY 3-8 ReXx v 7 X UW-block-2-t RuXx 7 4% ) [P(3HB-block-
2HB)|DAEG KR Z G L L TR AT T2,

R. eutropha H16 7' /L =1 — A G ZERR 2 Bikk & L C. PhaCar 56BIKK (IF001 #k) ZAEEE L7,
lle £EABRORHTHEULTH S 2-7 b7 X 8 (2KB) 75 D(R)-2HB-CoA AT 2B AT 5720
\Z Clostridioides difficile >k 2-¥ Kafxv A Y h7a BT e Ku4/ ) —+¥ LdhAw B LU 2-k K
XA VI T EE CoA BT AT =T —F HadAa Dills T % IF001 FRYLER 1 Lo E I8 fEk
WA L. (R)-2HB-CoA fIFA#R I ARE (IF002 #K) & L7z,

IF001 # & TF002 #RIZ DV T(RS)-2HB ISR IS L= 2 A, HIREBNE LI LESIND Z
L. BIO VAl FREEALEVBROTINC L VABHEZERECE 52 L2 R Lz, 2KB OFN
IZE > THRBRICIRWAEBEN R SN Z £ D (R/S)-2HB IZHKT % 2KB (2 L 0 Tle AR
B LT Val RZIZa> TWA T Lt LTz, R. eutropha \ZHB 2B OHAMT & ku ) —+8
RET T DORIEOER EEBEORERE NS, IBO L E UEBA~DERLI L 2HB @ 2KB ~0Df#
b H5EEE L LT, v 7 a MEFR p-SLR/(R)-2HB 7 & K1~ —+¥ DId 8 L [Fe-S]7 7 A
H— X AR L-FLER/(S)-2HB 7 & K 7' —¥ LwtACB % #7212 [FE L7z,

BRHE A [EREE L7 73— R « (RS)-2HB * Val §58& %17 -7 & Z A, IF002 4K TIL 2HB == k
%8 mol%aﬁbt PHA DEGRK ST, S 512 DId KK L PhaCaqr OIEEPHEELIZ LY 2HB ==
v NYERIT 35 mol% £ THIN L 7o, &M L OB 56, AR PHA 1% P[(3HB-random-
3HV)-block-2HB] T& % Z & 35 < rﬂ*ﬂéhto F 7o, I TR R ESER MR I T,
wIT, Zva—2 « Thr EIEERIC L 5 2HB ==~ F&H PHA OESEEZE Lz, LavL,
IF002 #RAEA A PHA H1 @ 2HB 53013 0.1 mol%LL F T Y | Thr 7> 5 (R)-2HB-CoA (278 2 U O
RNV ETHHoT-, £Z T, Tr & RTH—F (Td) ~D lle 7 — RN 7 [LEMKRO BT
2 /E BRAEBANLT-E Z A, PHA HO 2HB 5355 1.0~1.7 mol%IZH I L 7=, & 512 Thr 2>5 Gly
ﬁﬂtﬁf%ﬁté&#é LT2HB = MM 2.5 mol% FCTEIML 7,

7;»::~;< ZH—RFIRE T D 2HB &4 PHA OEARIZHNT T Thr @EIAEKEEEETDH 2
L&#HEL, Thr T%D THERED A 7V —= 0 7 % 3 L,f_o UL, BRSEREZRS Z LT
&9, Thr ZFH L7227/ 22— 2025 D(R)-2HB-CoA EA KD BICIZE Lo Tz, £ 2 f;%foeé
G S LT, ELEVERE T EFL-CoA 7D 2KB 24T 5 I < VBRI 2 at LT, HEE
FTHHLY NIy 2 —E & LT M. jannaschii % CimA OEIENE - lle 7 4+ — KNy V[
M HEZE AR CimA3.7 23 A L7- R. eutropha WML TIX, 7V a3 — A B~ RAPEEE CAEGK I N
PHA 7 2HB == F4&RIL 0.8 mol%fREICE THIML., & | 77/v@/§ﬁﬁﬁ<®ﬁxﬁﬁﬁwénto
%« FSCE ST, FISC 2000 5 & P 300 3 A 1 ETORT 570, b L <DL 800 #A 1 EHRIN LT &0,
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Polyhydroxyalkanoates (PHAs) are bio-based biodegradable polyesters, making them environmentally
friendly polymeric materials. The wider utilization of PHAs is expected to contribute establishment of a
sustainable society. It has been suggested that a newly engineered chimeric PHA synthase, PhaCar, has a unique
sequence-regulated copolymerization ability unlike conventional PHA synthases.

This study focused on biosynthesis of poly[(R)-3-hydroxybutyrate-block-(R)-2-hydroxybutyrate] [P(3HB-
block-2HB)] using PhaCur in Ralstonia eutropha H16, a well-studied natural PHA producer. R. eutropha was
engineered by replacing the original phaC by phaCar, and then, two heterologous genes were inserted into the
chromosome for formation of (R)-2HB-CoA from 2-ketobutyrate (2KB). The cultivation of the strains
demonstrated that the growth of R. eutropha was severely inhibited by (R/S)-2HB supplementation, probably
due to Val depletion caused by excess 2KB formed from (RS)-2HB. Cytochrome-dependent D-lactate
dehydrogenase and [Fe-S] cluster protein-dependent L-lactate dehydrogenase were identified as endogenous
enzymes responding to the dehydrogenation (R)- and (S)-2HB, respectively.

The cultivation of the strains in a medium containing glucose and (RS)-2HB with addition of Val resulted in
biosynthesis of PHA containing 8§ mol% 2HB. The 2HB fraction was increased up to 35 mol% by deleting did
and overexpressing phaCsr. 'H-/"3*C-NMR and solvent fractionation analyses strongly suggested actual
formation of block copolymers. This PHA was confirmed to exhibit high biodegradability in deep-sea
environments.

Further investigations were done for biosynthesis of the 2HB-containing PHAs from glucose-Thr or solely
from glucose. Introduction a feedback-resistant mutation into Thr dehydratase and modifications in pathways
for Thr metabolisms increased the 2HB content to 2.5 mol%. While enhancement of Thr biosynthesis by
mutagenesis was failed unfortunately, introduction of citramalate pathway allowed us to synthesize PHA with
0.8 mol% 2HB fraction from glucose.

In conclusion, this study indicated that R. eutropha is a promising host for producing not only usual random

copolymer but also sequence-regulated PHA block copolymers from biomass feedstocks.
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