TERE | ﬁi_ﬁ]ﬁ%ﬁﬁuﬁ-_} TR R U |

Tokyo Tech Research Repository

Od/dodn
Article / Book Information

oo@ao) gobbobbbdgoooobbobbbouooooboboooo

oo@a) oood
Author(English) Yuki Miyahara
oo@a) OO0:00@0),
oOooooo:0oo0ooa,
OO000:00109760,
O0000:20180 90 2000,
ooooo:0o0o0a,
OO00:00 00,00 00,0000,000,0000,00 00

Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J 0 109760,

Conferred date:2018/9/20,

Degree Type:Course doctor,

Examiner:,,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Tokyo Institute Research Repository)


http://t2r2.star.titech.ac.jp/

(1 3R

Doctoral Program

im X EE

THESIS SUMMARY

B HRerhn G50y - it

iy e B 45 1 v
Department of %E$+ %EJL g& Academic Degree Requested Doctor of ( L )
vy . FEZE (F) ;
A IR sl ekt i
Student’s Name Academic Supervisor(main)

REHEE &) -

Academic Supervisor (sub)

BATER S5

gEE (Fn3C 2000 FHEE)

Thesis Summary (approx.2000 Japanese Characters )

BUE, 77 AF v 7 8EOZ L TAHNLEEINTE Y, LA BB RO @B bR F IR
2 HIERIRBEALSCEE S FRNE T T AT > 7 IZ K DWHEG Y & 7T AF v 7 OFERIC XL 0 RAI72 8
BN E R INTWD, £ T, BAEFMRERZEY SA A~ A0 DGR RE7R /S A
TTARTF  JREGIRMET T AT 7 ~OERP RO N TS, R ThH, MAEMIZ L > TH
RTE, ENASREEZFTHRY e Raxv 7 b vk (PHA) 1X, IREBMEERY A 7 /WIT5%E
BIHIAENT-@ D THMEI CH D720, Z ORI & RICHIfFFNEE > T D, —F5 T, PHA
IR WK SEHTOITIX, RO EETEERBT L ENMLETHY . TNETICEAR
FOBRRRFTIECER LIRSS <IThh & iz, kbRl PHA THHA Y (-t
a7 ) [PGHB)] OAEEKTIE, £/ ~v—GRICERIT N A %EE L, %3 NADPH
DPFEAAR Y~ —EFEZHIR LT D ATREMESRIB STV D, S HIT, FRIRPEICE A, FEHBY
etk 2. 7= PHA To 574 U (BHB-co-3-t K12 ¥ o~ FH ) [P(BHB-co-3HHX)] (23T
%, 3HHX £/ ~—%& AT 572Dk EL OB hELEELT D, b L, ERNOETHT
&% NADPH DOH#:AAIZ LW P@BHB)X® P(BHB-co-3HHX) DA FEERHIFR STV S D THIIE,
NADPH ZAi] & O 5L TR~ G35 2 & ¢, RU ~—4EDT (b L O 3HHX £/~
— O E PBHB-co-3HHX) & AL Gk T 5 Z L B HIfF T X 5,

ZZTCARMILTIE, HiY T e Fasrth—8 EHARR (PxDeasr) (ZFHH L, MlENICE
T DR AR AL T D 2 & T, 2N PHAAEFER L OV3HHX &/ ~— R 2175 72D
FRTEORBEEZRANE Lz, LT, 2HENL 2D ARG LOMEIC SN TS,

F— [Fam) Tk, e R LOWFEE RIS OW TR L. Aisto BE R LT,

o T VT b Ru s —8 ZHARK (PtxDeaar) ZFIH L7z P(3HB)D in vitro EHA |
TlE. PEHB)® invirto AR 2 HWT, FiBEREAERPERET D DnEH~Tz, EFIXLDIT,
PtxDeaar |2 & 5 NADPH ARSI % . AL FEamfit 3 L ONR LRt 21TV ekl L 72, Zhic Xk
. PtXDeaar & WV BERROS TlE, BE U723 Y VlE & 558 L Offif%sE NADPH 23MERKT 5 2
AR LTo, S HIT, PtxDeaar I NADPHZXF L TRV EIRIMEAZ A LTV, NAD* & Hlg L T
3.1 EE VRN R 2R 2 L BN oz, VT, PtXDeaar & PEHBYEAICHER T M T &
F /v CoA L& 7 % —+E (PhaB) L PHA EAFEE (PhaC) Z MW T, PBHB)HE & & il 5 FF
AR OEE 2T T2, T OREE, invitro SRIZF T PtxDeaar & W - iEER AR 1T 0 1 CHERE
L. P@HB)EA~DIEAMNFRETH D Z & N yh oz,

= iR A RMIIC L D PGHB)DAARL Tl M x KIGHE T PEHB)AA A~
DAz BRIE LT, invivo RIZEIT 2D PtXDeaar DFIFFIZ DWW THHAE L 7=, PtxDeaar (Z & B Hlif




FHERZEATDHIIHI--T, TIRHUDIC, @Y VBB KGEOEBICE 2 5 E 82 TE L
72 PtxDeasr ZFBL L7 KIGE CIE, #iY VEBIC KD AEBHEIIZEA CBE SN ehoTo, —
T, BRI AIIZ Y VEER AR L W2 2 E D HIIEN T PtXDeaar & F T2 EESR SUS 3 HERE
LTCWDZ ERNGhotz, IRWT, PixDeaar (2 & D ilEEFA R %2 VT PEHB)Y AR ZTTV).,
NADPH HGIB(L3AR Y v —HFENG 2 DB, ZORSR., ZBRRIEE VBRI,
1% L7= NADPH @ 43 mol%7%’ PBHB)AE G~ &R S 4L, R U ~—4pEE% 3.2 558k 5
LRI LTz, BLED Z L3 PtxDeanr & FW 72 A% SR 42 R1C & 5 NADPH fit#s & P(3HB)
BREED T SHDH T ET, N PGHB)EEMNAIRETH D Z L AR LTz,

e [mess AR & 5 PBHB-co-3HHX)AEA K] TliE. PBHB-co-3HHX)A FED5R(LFs
FOV3HHX &/ ~—3RD Ea AL L, PtxDeaar (& X DR H AR E KIGEIC L D EAS
PHA ZAEpE~LIGH L7z, 2l a vz — B <k, MY VEBRORINC X - T 4.4 g/L OFE
FE G R R S, BEIRAEFIZBWT ATP AR > TV D AN E 2 bivie, £ 2T, Ml
ARERV ~—BEYID 53 D720, AF % LD 7= E R % VT PBHB-co-3HHX)AE & ik & 1T
ofc, ZORFE, MiBRME LR v—Glke a7 38D L, R ~—AEFENEL 19 14,
SHHX &/ ~—/73%%& 22 {558{bT 5 Z ENAEETH o 72, ZDOFERND | PtxDeaar & 7 1l
FAETRILIT PGHB)AEFETZIT Tle <, LHEAMKRTH S PBHB-co-3HHX) A=A FIZ & I HN ATRE T
oL xR,

R RG] Tk, AR CHE LM E E LD, FBROBEIZOVWTEK LT,

6%« FSCE R I, FI3C 2000 7 & #3300 35% 1L E O HT 50, & L <IFHEIC 800 7EE 1 HIEH L T 7Z SV,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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Polyhydroxyalkanoates (PHAs) are biodegradable and biocompatible plastics which
synthesized by bacteria from renewable biomass such as sugars and plant oils.
Poly(3-hydroxybutyrate) [P(3HB)] is the most typical PHA, which biosynthesized from
acetyl-CoA via three enzymatic reactions catalyzed by 3-ketothiolase (PhaA),
NADPH-dependent acetoacetyl-CoA reductase (PhaB), and PHA synthase (PhaC). It has been
proposed that the bottleneck in P(3HB) biosynthesis is the supply of cofactor NADPH, which
is necessary as a reducing agent for PhaB’s catalyzed reaction. On the other hand,
poly(3HB-co-3-hydroxyhexanoate) [P(3HB-co-3HHX)] is flexible and practical PHA. To
synthesize 3HHx monomer, more NADPH is required than synthesizing 3HB monomer. In
this study, in order to efficiently synthesize P(3HB) and P(3HB-co-3HHXx) with high 3HHXx
fraction, NADPH supply in cytosol was enhanced by using phisphite dehydrogenase double
mutant (PtxDeaar), which catalyzes oxidation of phosphite with generation of NADPH.

In Chapter 2, the kinetic analysis of PtxDeaar and its parent enzyme was carried out. The
catalytic efficiency (Vmax/Km) of PtxDeaar for NADP* substrate was 3.1-fold higher than that
for NAD*. In an in vitro assay using purified PtxDeaar, PhaB, and PhaC, P(3HB)
polymerization was observed when phosphite and PtxDeaar were present, confirming that
NADPH was supplied to PhaB.

In Chapter 3, PtxDeaar was introduced in an Escherichia coli, to enhance the NADPH
regeneration system in vivo. P(3HB) was biosynthesized from glucose by using two-stage
cultivation. By coupling the enzymatic oxidation of phosphite, the polymer yield was
increased 3.2-fold versus the non-coupling condition.

In Chapter 4, in order to enhance 3HHx monomer fraction in P(3HB-co-3HHX), PtxDeaar
was introduced in P(3HB-co-3HHX)-producing E. coli. During the cultivation, phosphite
consumption in the culture supernatant and P(3HB-co-3HHXx) copolymer formation were
observed. 3HHx monomer fraction and polymer yield in PtxDeaar-expressing strain were
increased 2.2-fold and 1.9-fold, respectively, versus control strain.

In conclusion, this study demonstrated the feasibility of using PtxDeaar for excess supply of
NADPH during P(3HB) and P(3HB-co-3HHX) biosynthesis.
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