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BWE HKY 8 TR I8 P K (Ralstonia eutropha) W50-EAB R H A U 19 AH ¢ PR 328 40 &5, 38—
WA R, eutropha W50-EAB [f) DA R F 803 S 3R A5 i BOF) F 2T 4k 32 7K ARt 010 1 ik 258 kil K592 1
FIH PCR i R¥ 1 R. eutropha 5 [ 3E [A] thtA, cbbT2 FIE W Wi JE K] tal, ¥ 5 34 1K) thtA, cbbT2 F tal H X 4y
K 7 3 KIS B AR pBBRIMCS3 |-, 3k 45 # 41 fi ki pWL1-TKT, pWL1-CBBT2, pWLI-TAL. 3 i i 4% (1) 77 =X
K TORL 4 Wl i Ak, WS0-EAB 3545 41 5 WS0-KAB, W50-CAB H1 WS50-TAB. FJ FH K& DA il B 1 77 155 » 3R 45 s i
JEU I B R h16_A3186 @i Fitk W50 EAB. i i v (1) 7 2 41 Jki pWL1I-TAL 5 AR B bk W50 EAB 3
73 4L R bk W50°-TAB . il #7 i A I 09T 9% 75 41 14 bk W50-KAB, W50-CAB, W50-TAB, W50 EAB L Jz W50
TAB (1) R B ek K5 5 Y Wi vh 23 A 5 SR 2 B, 2 ) Ity 00 I T T 5 DR S B3R 08 o 8 R0 R e 45 SR 3R B % Tl il
B PR I 2655 T R WS0-KAB R WS0-CAB AH L -4 BB Ak WS0-EAB /p3, F2 B FEAR 1 AHE R H] 6 07 5 i % 1
il i D] 1ok % 58 4L T KR WSO-TAB LA M7 5l 192 B #k W50 EAB o A BE (1 F) 45 3] — E 3 5. 76 0.1 mol/L
AW I e B R 2 b, WS0-EAB [ K ZE K% 5 0.035 h ™', PHB T & L} 16.2 = 1.01% ; i W50-
TAB [ e K HeZE K R 37 %) 0.039 h ™', PHB T H LLiA $) 20.5 = 0.76% ; [ 3 I il 3 DX 3l B 5 Bk W50 -
EAB 5 KB Kl R 3 R ) 0.040 h ™', PHB & B m 2 19.8 + 1.05% o 45 9 o i Wl 2k [N 1) 3 3k 15
VS S it T e AT (1) g 53 o AR AR Y 2 B — 5 TR 3 K X P b 0 95 2H 5 R A9 1R AR WSO -TAB, 35 I & 1% 73
BT 45 5 b dje K AR K R I %1 0.042 h ™', PHB BLRIAH) 27.9 = 0.47% , ML T 6 BB bR 0 T 72.2% -
A S 7 AT # 2R (0. 01 mol /L) FAKE (0.09 mol /L) (VR & 0 55 97 N, F 41 # ¥k W50-TAB, W50 £AB Al
W50 -TAB #H LU T 76 4l AR BE 55 95 T 48R B B8 s (0 2R &t A0 )y PHB B B . K410 1 W 1R 130 B 3k 12 OC
Vit 2t g ity 5 AT P 3R 08 Il 7 A AU I, AT BT DA ey 2R R B AR B8 — 5 = 1K) PHB . i 340 Ji il 5 AR AR
AT BELAG AR 5 R I 12 Bl 6 DR 5 ARE AR e D0 A7 1 8 IO 4R v 10 5 P R4 AT L — P 3R m A B AR Y
AR %% F0 PHB #1 8 BE

K $EiR R, eutropha W50-EAB, ARWEARH, 5K B-F2 I T FR R, 0 98 SO0 1442, 19 04 i Iy
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KW K (Ralstonia eutropha) 2 B 5% 5 ¥4 3t
fig 11 12 g (polyhydroxyalkanoate, PHA) & k¥ ) 455 =,
RS R I B 8 )2 T 2 B2 4k T IR R (poly-B-
hydroxybutyrate, PHB) ) & WA= /=, i i % 95 : 78 597
W o 1 PR S B R Y, R, eutropha T DLAR 2 90% UL I
ft) PHB" o R 4 g — Fl R 55 AC 47 AR, BBy B ik
TAEW A 1) PHB & AN G 5 K& A2 7 1) LU 3
b g FE Al ) SRR RL SE e o b AR A I B A
PHB J" 32 W ] 0 32 %2 PR 2= A e A0 D e A0 Atk 9t 2 ™
PHB 5 O UE R £ 22 4%, 48 5% 0] 7 82 % & T3 R 25 40
AR KR Lo

AR Y2t Bk b 5 HoRIE) 2 1wl
AR K MR AL BE S 3225 AT 60% [F) CRE R 30%
f SR D81 A MU B2 e ) £ e 3 7K 3T LA g
b A A B A OB I BLA e H 2 R
eutropha RKIRAS H. % DK B (D-Xylose, Xyl) F F G
71> X LA AE i R 4 45 B (Glucose, Glu) & 1% 7™
PHB f] R. eutropha 537% [ ¥k w50 thgkik k| ok
[ ¥F & (Escherichia coli) K42 W3110 [ A $ 5 ¥4 i
DAL ooylA TR E POl (K] oylB VL K AR e ds 2
S xylE s B 3R AF AL T MRk WS0-EAB . 1% 74 #E 3k
BT ORBERIEE Sy, F BT LR — 5 1) PHB™ .
{HL B DA 2 8 A B VSRR R T 7K P AR B AR R I8 BE

il 18 N B 122 42 (Pentose Phosphate Pathway) JF 45
B B 2 AREAQ 0 48 B B, R OBE 48 OK R S 1) il
(xylose isomerase, XI) F1A B #% % @ (xylulokinase,
XK A B A4 R 5 9t 82 A 1 Wl a0 N Tl 12 3 o 4
ALY B o X 82 BE (Saccharomyces cerevisiae) [f)
WEFER BT, 3205 22 T 53 UG ACRE S oy il R D], U8R v DA
SRAT B v I AR S A I 9% S (B O AN BE WD W R
BRIIARE £S5 8 0 5 Y o X R R TE B R OB iR 0
{¥) A 5016 B B 7T BE A7 E LS. Bjorn Johansson ! 4
WEF KR IAE S, cerevisiae 12 3 15 W I )% 1& 12 HE 4
B B S AX i I 5 DR AT LAY R v S TR AR i
B ) 2 A 5 AT s AR AR . T AE R, ewtropha
T8 TR 0 3 A A 2 A 9 o 1 0 A7 A DAL PR e IR 3R
FIHE S M R W3R . ¥ 7 % (Transketolase) Fll
B[ B (Transaldolase) #& 1% 3 42 1K) P9 A ¢ B, 78
R. eutropha FE Rl 4 F 17 ££ W A # Wi i (EC:
2.2 1. 1) 4 i KL DK theA A cbbT2, UL K — AN e 15 1
(EC:2.2.1.2) it FE A tale & ATIHE AL (6 5 N

2 TG W ke A0 T T if e A2 18 BB A — 2, 3K 9 o O
PE AT RE 2 5 WA B AC M AR . e, AR B S

INTEE B R W ZE R, eutropha v 3R h16_A3186 1]
Be g bl — PP A RS (EC: 1. 1. 1. 21) , 1% il i 1b A
B 2B AW 2 1 S N A VT g 4% 5 KB S R Il 5 A
JEA) -
DAL 5 A T 0 A ) Tl R 2 % R DA 0L 0, T 366
DA 3ok 2 326 ik A Tl 1 3G B 4 42 A 4 1k B BE 1 AR 1 9
DS S Ji 1 Sy 0 o5, T 3 5 [R1 R Ik BEL BT A B 1) S %
R WE9T T R. eutropha T 41 1R KK 1K) A5 BRAEF M DL K
PHB [\ R R fE .

1 MRERITIA

1.1 ##Y
L 1.1 & #h A0 B A 5256 BT T v R R BORE 81 T

% 1.
L12 FZERAF: s rEYE T A0 E
TaKaRa 2\ & ; 64 {2 5 $# ( D¥ructose-6-phospate) ,
4-J35 18 % #% H ( D-Erythrose-4-phosphate) , 3 i 1
W B (D/L-Glyceraldehyde-3-phosphate) , UL & % & 7
i A g/ R H ol 2 b &L B8 (aglycerophosphate
dehydrogenase/ triosephosphate isomerase) ¥J #J H
Sigma 23w ; A4 24 i S 2 11 B E 43 A A D
L1.3 3E5xE:OLB IR ] TH IR R E
E. colic QPN }53%HE, F 3R i 45 1) % i1 o 2 17 il
THEFR RIS RE AR 10 ¢ A FE IR 3 g, IR
B3 g RN S5 go B 20% RERE M LB K573, 1F
NEE 2 REAR LI IR k. @REHEFRIL: &%
ik 061 S 4MECE 2 mol /L (K AH LA K2 2 mol/L
F1% 1 250 W > T G AN [ 9 88 10 A i 7R R AR 5
Wik: 2 . E. coli fF 37°C ¥5 3%, R. eutropha 7E
30°C H; Fre PUAE R W & ¥ % % 100
pg/L, RAFH 2 50 pg/mL, JYIFE 5 wg/mL, &5 %
50 wg/mL.
1.2 HMERM=E

Pl R. eutropha H16 H:[K 40 DNA 4 A%, 1l i
PCR £ AR HIAH OCFr B, 514 PRI P2 4 39 SR 45 e
i I 5 D] ekt P B P3 ORI P47 1 e I g R ) cbbT2
JrBG 511 PS A P6 g 1Y B I M L TN el )7 BL 51
P7 F1 P8, PO il P10 73 5l & 14 & i Ji g 2k X A6 _
A3186 L NiiF4y 750 bp (1 5 B # A 1 514 P8 A
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P9 Ji i # F PCR K BT v BOE # OK, 3k 15 h16
_A3186 [A Y5 Bt. LLE.

coli W3110 LR 40 H #i epdo HAKWF 2.

& 1. KI8T A B AR RO

Table 1. Strains and plasmids in this work

B 51 PLL RN P12 4™ 18 4l 12 ok G B M 20 Ml i 1A

Stains and plasmids Characteristics Sources
Strains
Escherichia coli
DHS5« @80d/ LacZAM15, deoR, recAl, endAl, hsdR17 This lab
S174 racA, proA, thid, chr: :ira Simon RHZ
W3110 IN (rrnD=rnE) 1 rpb This lab
BL21 (DE3) F-ompT hsdS; (rB-mB ~) gal dem (DE3) Novagen
Rastonia eutropha
W50-E gabD4 : : xylE, W50 with the homologous recombination of xylE Kai Liu™
W50 £ Ah16_A3186, gabD4: : xylE This Study
W50-EAB Cm®™, W50F carrying pl -AB Kai Liu™
W50°'E£AB Cm®™, W50°E carrying pl -AB This Study
W50-KAB cm®, Tc®, W50-EAB carrying pWLI-TKT This Study
W50-CAB cm®, Tc®, W50-EAB carrying pWL1-CBBT2 This Study
W50-TAB Cm®, Tc®, W50-EAB carrying pWL1-TAL This Study
W50°-TAB Cm", Tc®, W50°E£AB carrying pWL1-TAL This Study
Plasmids
pMDI19-T T-vector,2. 7kb TaKaRa Co.
pLMX1 Cm®™, pBBRIMCS derivative carrying the P, ¢, gene Xuemei Lu ¥
plAB Cm"®, pBBRIMCS derivative carrying the xylAB gene Kai Liu™
pBBRIMCS3 Te®, LacZ-a mob rep Kovach ME ¥
pJQ200mp18Te Tc®, sacB mob Peplinski K0
pET30a—< ( +) Expression vector, 5.4kb, Kan®, 6% his-ag Novagen
pWLI Tc®, pBBRIMCS-3 derivative carrying the P .1 gene This study
pWL1-TKT Te®, pWLI derivative carrying the tht gene This study
pWL1-CBBT2 Tc®, pWLI derivative carrying the cbbT2 gene This study
pWLI-TAL Te®, pWLI derivative carrying the tal gene This study
pWL2 Kan®, pET30a-c ( +) derivative carrying the epd gene This study
pWL3 Tc®, pJQ200mpl8Te derivative carrying the h16_A3186 homologous arm This study
2. THATASIY

Table 2. Primers in this study
Primers Sequences (5°—3") Size /bp Restriction site
P1 CTCTAGATAGAGAGAGACAATCAAATCATGTCCGCCCTTGCCCATCC 47 Xba 1
P2 ACTCTGCAGCCTGAGGATCGATTGAAACCG 30 Pst 1
P3 CTCTAGATAGAGAGAGACAATCAAATCATGAACGCACCAGAACGCAT 47 Xba 1
P4 AATGGTACCTTAGCCATCACGCCTCCTC 28 Kpn 1
P5 CTCTAGATAGAGAGAGACAATCAAATCATGAACCAGCTCGAACAACT 47 Xba 1
P6 ATAGGTACCCCATCCTTACTTCGCAATCT 29 Kpn 1
P7 CCACTGCAGACGAAGCTTTGACCGCGATC 29 Pst 1
P8 AGCGGTACCAATTAAGAGCTCGCGCGCGACTCGCCCATAT 40 Sac [
P9 CTCTTAATTGGTACCGCTCGACCGCATCTTCCCG 34 Kpn 1
P10 TACTCTAGATAAGGATCCCCCGCGCTGGC 29 Xba 1
P11 AGGAGACATATGACCGTACGCGTAG 25 Nde |
P12 TATGCGGCCGCCCTGAAAGCAACAGTAGC 29 Not [

1.3 ZHFEHR

M Sac 1, Xba 1 XUHV)&EH P, 5 80T B FURL

W93

pLXML, [ W H 1 K B, 5 [\ # XM Y] 1
pBBRIMCS3 3£ 3%, 3K 13 & 41 P, MR I5 B Ak, 4



L% FALE Ralstonia eutropha W50-EAB DACHE 1R U AR G () BROECHE 2. /804 9 54 3R (2015) 55 (2) 167

% pWLI1.

F Xba 1 ,Pst 1 %] PCR 4 388 [ theA Jr BX,
e H i i BE 5 R FERG VI pWLL S 4%, 4 ohe 3%
B2 P, NUiE RIS AT P AR 845 R
FR) 2 T P R DR ke 1) R IB Ak, dw 44 ) pWLI-TKT.

H Xba 1, Pst 1 53 55 XUl ) PCR 47 38 [¥) cbbT2
JBOA tal Fr B [T H IR B 43 90 5 TR RE DI
pWL1 3 452, SRAG 2 5 A5 1 1 Wl 1 K] cbbT2 [ ik 4%
Wty 4 4 pWL1-CBBT2 , Fl 5 47 % [ g 5 K] ral (1) 36
BB AR Ay 4 8 pWLI-TAL,

F Nde 1 , Not 1 XU Y] PCR 9 19 (1) epd Fi Bk,
E R REAL P pET30a—c ( +) 34, 3015 &5 4451
R BE M S R TR epd 1) B K i 44 pWL2.

H Pst 1, Xba | W§V) 5 & PCR ¥ 3 1 hl6 _
A3186 [w] Y& B R B, 5 & M ok B oW
pJQ200mp18Te 3 422, FRAT 75 A [R] V5 B 1 B (1) i o3k 4%
4, fiv 4 pWL3 .

1.4 BEE%®

B TR pWL3 S N K #F i S174 17, 9 i 73
B S174/pWL3. & # B R4k )5 2 % UMk
37,

1.5 B BRI #K B 0 1

e e ¥ 5w bR R OB O Ok 7 k2 F Uk

(3],

1.6 EgiESH

1.6.1 EBGRS & W2 8 h F 4 i #x W50-
KAB, W50-CAB, W50-TAB I W50°E [fJ PN k7 3% ¥
1 mL,11100 x g 2.0 2 min WA FE 1A, F1 0. 1 mol/L
) Tris-HC1 (pH 7. 8) L& i k% 2 5 » H1 500 wL
R TE S G R NN 2k R 0,02 mmol /L
M1 DTT o & oK v b 75 A 90 s bV i B 4 A
L

1.6.2 3EREGEMNE: 7iLkS% 30k 071, 76 it
SN A F R T 4 TR S R I A Ak 1 I
I A I, — NS ) S 8 O BE Sy Bl NAD T
42 1.0 wmol NADH Jit 75 1) 1 & -

1.6.3 3EEEGEMNE: 71k 5% 0k U8, 7 it
BN AR ZR R — AN Wi E A 8 X A A BT RE
1.0 wmol NADH Ji7 5 [y i 4 .

1.6.4 ABRAERERIBMORIESHEL BT 1%
it 5 7 T b R RV T DL FR AT R Ak A4k ) 2% T 4 TR
R ERE WS Wi, 752 2% ek 07 1, glifk i g T

At T R 1) DU SE

1.6.5 EEREEFMENE: 7iks% 30k 091, 7
b S N A R s — AN Bl IS ) B g S B G B R
1.0 wmol NADPH Ji7 & (¥ i & .

1.7 AEEXW

1.7.1 B EE: ¥ W50KAB, W50-CAB, W50-
TAB, W50 -EAB F1 W50 -TAB 4} 5| ¥ Fl T 3% 3¢ K&
@,30°CHr 57 18 h, Pk 85 35 @), Al B 77 5 @ &7
TG WL I e OE R 2 mol /L AHE 5L
2 Bl 0N R T 5 55 5 (@) e, TR A AN TR) R R 1) AR
R WE BT 77 5L DL RTR A Bl 85 97 %L (0. 01 mol/L Glu +
0.09 mol/L Xyl) o« 4% 5% ) 32 Bl & £ Fh, 30°C 1%
It BFRG 12 h HUFE 53 7 o

1.7.2 A¥E 09 RE - K 9 v FH 28 1R 7K O 4 7 B
T 600 nm KT .

1.7.3 D-KIEBIME : J7iLS 2% 30k 201,

1.7.4 PHB 2 E: /14 1F W22 ik 03 1.
1.7.5  JRALFETE MM TE « o I HOE & R B AR B
Eh 7K F R B 5 TG IR B WU B VR A AR PN AR ES T
30C K 78 PRHUER R % 2 PN AR b, & &5 %
PUPER PN P AROR 3 A7 DU BR 2 BT 1 PN S i o
TR 24 b, vFH ORLER FF R SO TE DU AR B
K P T HCS A AR DU AR A H TR I R o e
o BF— 50 BE ALk BB 7% HOK T 100 .

2 SRR

2.1 FHEH W50-KAB, W50-CAB #1 W50-TAB
B9 H3& LA K 3% BR B F0 4% BX BR B JE N

¥ B4 okl pWL1-TKT, pWL1-CBBT2 #1 pWL1 -
TAL 43 55 B i 4k WS0-EAB, 34 A4 75 & 1 50 %5 % Al
PURR Z HrPE ) PN P4 b, A48 3 7% PCR 5 iE 7 i
IRAF B AL T 4 Bl dy 4 W50-KAB, W50-CAB F1
W50-TAB.

Sy 56 IF A T T AR A e T 5 DAL A SV 4 R R Y
EBRE RIS, AT HH H W50-KAB, W50-CAB
) % 1 1 R WO-TAB ) % 85 18 4 i) 2 A7 18 % W €
g5 oK (£ 3) , W50-KAB 1 W50-CAB (1) #% il i
EL3E ) M EE T 45 3k pBBRIMCS3 (455 p3)
HIX P WS0-EAB/p3 23 Jil4& s T 4 £ H1 5. 4 %,
WS0-TAB [ % [ i LT ) 2o BB AR LL s J) i 7. 8
ff o XYW 3 AU B AL A ER AT B T Rk .
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%= 3. EHE W50-KAB, W50-CAB 1 W50-TAB A&l €
Table 3. The specific activities of enzyme in W50-KAB, W50-CAB and W50-TAB

Specific enzyme activities (U /mg)

Strain

transketolase /tktA transketolase /cbbT2 transalsolase
W50-EAB/p3 0.25 = 0.03 0.25 = 0.03 0.18 + 0.06
W50-KAB 1.22 + 0.045 — —
W50-CAB — 1.59 £ 0.047 —
W50-TAB — — 1.40 = 0.080

2.2 HEEgEE T RIEEHREK WS50KAB F1
W50-CAB B4 BE 45 14

LA WS0-EAB/p3 {2 X BT B oK AIF 73 e i 1
b 260K W AR (0 KRR R . K T 4 B Ak WS0-EAB/
p3, W50-KAB fil W50-CAB 43 % #£ %4 0.01 mol/L,
0.1 mol/L A ¥ L J & & B (0.01 mol/L Glu +

0.09 mol /L Xyl) f) % ¥ B 2 3 b B 92, 45 B e Wi i
52 1 I 2 A 1) T 40 1 Bk WS0-KAB, WS0-CAB
TE AN [ 5 P 57 7 e v A0 2 e 3 AR 4 A 2 4
M1 0 Bk WSO-EAB /p3, 26 B — 52 0 5 b
(1, P 2) o 3 55 JATTF0 300 £ &5 JRAH 5 » L 9 ] o
S A TR O S 7 A B 5 AR 60 )

—+ W50-KAB 0.01mol/LL Xyl; — W50-EAB/p3 0.01 mol/L. Xyl; —# W50-KAB 0.1 mol/LL Xyl; -5 W30-EAB/p3 0.1 mol/L Xyl
-+ W50-KAB 0.01 mol/L. Glu+0.09mol/LL Xyl: —— WS50-EABp3 0.01 mol/L. Glu+0.09mol/LL Xyl

(A) 144 (B) 0.121
121 0.10
101 .
= 008
[=}
: 81 £
Q = ]
3 20.06
z
T 0.041
4_
5] 0.021
I - M . a— -
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96

t/h t/'h

E 1. W50-EAB/p3 1 W50-KAB 7£ 7 [5] #% 15 75 £ B9 &£ € (A) F1KHEH # (B)
Figure 1. Growth profile of W50-EAB/p3 and W50-KAB in different sugar medium (A) and the consumption of xylose.

—— W50-CAB 0.01mol/LL Xyl; —— W50-EAB/p3 0.01 mol/L Xyl; —=— W50-CAB 0.1 mol/L. Xyl; —=—W350-EAB/p3 0.1 mol/L Xyl;
=+ W350-CAB 0.01 mol/L Glu+0.09mol/L Xyl; —== W50-EABp3 0.01 mol/L. Glu+0.09mol/L Xyl

(A)  16- (B) p.124
14
12 1
10 )
2 o
Q8 &
< e
61 g
>
£
4 )1
2
000+—— 7
0 12 24 36 48 60 72 8 9
i/h

2. W50-EAB/p3 #1 W50-CAB £ B #3555 2 #9 4 € (A) FiAK#EE 4% (B)
Figure 2. Growth profile of W50-£AB/p3 and W50-CAB in different sugar medium (A) and the consumption of xylose (B) .
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2.3 #EESE FE IS RIEEFHE K W50-TAB B &
B4
TS A A T TR B O A2 A A B B o — AN R

ity FATTHE— 2P WA T I 2 0A e L D] cal X AR
AW 5% m . W) AR K T2 Pk WS50-EAB/p3 il
W50-TAB 43 % 76 25 0. 01 mol/L F1 0.1 mol/L A ¥
PLJ% Y4 (0.01 mol/L Glu + 0.09 mol/L Xyl) [
KRG IR A B %5 46 0. 01 mol /L ACKE 35 75 Je vp 14
AR LA B AR B Y AE 5 6 IR B W50-EAB/p3 AH Y,
A K 2 R AR AR I 2 LT 5E A — 8. i fE 0. 1
mol /L ARWELL KR A BERE = T, Him & B i &
w1 T W50-EAB/p3 Jf 44 4 B 5 16 AR 3 4E (& 3) «
76 0. 1 mol /L AWEREFZ I, M\ 36 h JF4f W50-TAB 5
I HE BT RV R A PR ) AR K T A R R AR
B, W50-EAB £ KB K % Ol 0.035 h ™' ijif W50-
TAB S KA KR H] 7 0.039 h ™', & 4EY
MR T 28% (E 4) ; 4 &0 & B, W50-
TAB A= JUI W& v T % B Ak W50-EAB/p3, M 48 h

—+— W350-TAB 0.01mol/L Xyl

—— W30-EAB/p3 0.01 mol/L Xyl

T W0-EABp3 011 et X1

—— W50-TAB 0.01 mol/L Glu+0.09mol/L Xyl
—— W50-EABp3 0.01 mol/L Glu+0.09mol/L Xyl

0 12 24 36 48 60 72 84 96
t'h
(B) 0.12

c(xylose)/(mol/L)

0 12 24 36 48 60 72 84 9
t/h

3. W50EAB/p3 1 W50-TAB E A~ E HEEZFE B

& 4 (A) FAKHEHE # (B)

Figure 3. Growth profile of W50-EAB/p3 and W50-TAB in

different sugar medium (A) and the consumption of xylose (B) .

A RIS F, KR 96 h I W50-TAB B {4
0D IE %) 14. 66, A LU R FE 0D, 1) 13. 10, H
R E T 1% (K 4) .« 3X iy B 5 8 B 5L K7
W50-TAB 41 1 ik 4 143 B 2 %0k, IF HAE — e
B B T W R SO i AR AR A BRI L, R T
T ZH RO AR BRI B2 v TR AR IR R 280%

O W50-EAB/p3
144 B W50-TAB

L

0.01 mol/L Xyl

0.1 mol/L Xyl 0.1 mol/L Xyl Glu+0.09
mol/L Xyl

Sugar medium
4. W50-EAB/p3 1 WS0-TAB £ AEIHEIEHFHE B E
Mme
Figure 4. The biomass of W50-£AB/p3 and W50-TAB in different

sugar medium.

2.4 EEXJREGE E MR E % W50 EAB B9 # & L
B A B

DL W50 2 tH & B Ak K & 58 1) 7 vk #
MR AR pWL3 BN W50-E h, 348 T ik J il L
h16_A3186 filf 4 Bk W50°E. LL3|4%) P7 f1 P10
Xf W50-E Fil W50°E HEAT v PCR % iF (K 5), 7
A0 FRATT KT A ol AR 1 1 O DR I AT T e
W50 [ 54 J5 i b v& J 4 0,125 = 0.028 U/mg
protein,, T AR A W 2 @ bk bk WS0°E 1) 1 L IR B 7%
PEo DL &5 SR, WS0-E [ 1 34 i i ik DX vt B2 110
BRI D)o AR5 ¥ K8 Bk pl AB i AL
W50°E, §i % 640 F Ay % W50°EAB.

¥ 5 411 bk WS0-EAB fil W50°EAB 4y B 75 47
0.01 mol/L A1 0.1 mol/L A ## LA M2 J& 4 # (0. 01
mol /L Glu + 0.09 mol/L Xyl) [ % B ¥ 35 I vh %
Fro 4 WKL, @R Ak W50 -EAB 75Kk £ 0.01
mol /L AWl & I 15 77 56 A K RUACHE 39 FEZK 7 5 0 1R
WA AR 24 510 75 0. 1 mol /L AHE M1V &5 # A 19 3% 97
TARKBEMAENFEE 7THHE PR, &
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<22 kb
<—1.5 kb

5. RUPAE ¥k W50°-E % PCR I0iE

Figure 5. Identification of mutant W50 -E by colony PCR using
primers P7 and P10. M: \/EcoT14 | digest DNA marker; lane
1: W50"£; lane 2: W50-E.

ARBEIHE,24 h Jg XML R IEAE R — L K, K
K ECA K %A R ) 0.040 h™, S KB AL R
T 27.9% ;M AEIR 5K KWK ,36h ) W50°EAB %
T A A R B, 55 0] B A L B A A
e 7 12.3% , RFEFAE W I 36 h THIG A W] W i 2=
ot 172 2] 96 h I, W50 EAB & B it AR Mk A
%] 0.01 mol /LK 6,3 4) . Ik 7 5 K i Bk s
A RAE R Tt R AR KA fE— e
o b4 R T R TR SE AR 3K B T 5 J I R AR AR
I 90 A A o A D e DR R i A A B > A WA
ARG T 4

% 4. W50-EAB #1 W50 -EAB =R EfEEHE
HEYE LR
Table 4. The comparison of biomass between

W50-4EAB and W50°-EAB

Biomass (ODy,)

Medium W50-EAB W50"EAB
0.01 mol/L Xyl 212 £ 0.07  2.22 % 0.06
0.1 mol /L Xyl 8.48 = 0.13  11.48 = 0.13
0.01 mol/L Glu + 0.09 mol/L Xyl 13.8  0.83  14.77 = 0.22

2.5 FE4AE W50 -TAB B9 & EE45 1t

T A B I i A DKL AT DA R R 1N OBE a5 A
EAL B B VR, L D I AR DR R B AT BL A AL
240 5 R TR S AR, A Pl EE 2 R AT R B R OB R A
RE 0 H B2 v o DAL I AT R 3 o AT 4 4 R O S
Ay Rk AR RORE A R B R Bk
pWLI-TAL o1 il # fk. W50°EAB, §i ik # {k. F 1y %
7 W50°TAB.

LL W50-EAB/p3 2y %) 1R £k, ¥ W50-EAB/p3
1 WS50°-TAB 43 575 0. 01 mol /L 1 0. 1 mol /L A ¥
DL K I8 & 8 (0. 01 mol/L Glu + 0.09 mol/L Xyl)

—+ W30'-EAB 0.01mol/L Xyl

= W350-EAB 0.01 mol/L. Xyl

—+=W350'-EAB 0.1 mol/L Xyl

-I- WS0-EAB 0.1 mol/L Xyl

—+ W350'-EAB 0.01 mol/L Glut+0.09mol/L Xyl
(A) 16 1~ W50-EAB 0.01 mol/L Glu+0.09mol/L Xyl

ODGOO

0.10

0.08 4

0.06 1

c(xylose)(mol/L)

0.044

0.024

0.00 w

0 12 24 36 48 60 72 84 96
t/h

6. W50-EAB #1 W50 "EAB & T [ & 15 ¢ &
B9 K (A) FIARHEIH A (B)
Figure 6. Growth profile of W50-£AB and W50°"EAB in

different sugar medium (A) and the consumption of xylose

(B).
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B R 5L b, WS50°-TAB i KL R KO & 2w 2
0.042 h™', FER WIBE — B 8 T 46, /£ 12 h )y
MBI AERKEERN 27, B2 G REEEK
TH R A P T O OB PR, B R ) K IR
WK 2.1 5. fE8 9836 h i, B & 3 &8
T X AR WSOEAB/p3 78 1R 5 8 rf X N IR 21 1
KPS T A R I 48 h JE, AL B Ak W50 -TAB 4 K
E?ﬁ'f%'f%%i&?E%f/tm*fﬁﬂlﬂﬁﬁiﬁ % 84 h
I, AR LT B B AR KT (B 7, %5) . X7
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—+ W50'-TAB 0.01mol/L Xyl

— W50-EAB/p3 0.01 mol/L Xyl

= W30'-TAB 0.1 mol/L Xyl

- W30-EAB/p3 0.1 mol/L Xyl

- WS50'-TAB 0.01 mol/L Glu+0.09mol/L Xyl
-~ W50-EABp3 0.01 mol/L Glu+0.09mol/L Xyl

(A) 18,

oD,

c(xylose)/(mol/L)

7. W50-EAB/p3 #1 W50'-TAB A A B ¥EISF EH A K
(A) FnA#E# # (B)
Figure 7. Growth profile of W50-£AB/p3 and W50 -TAB in different

sugar medium (A) and the consumption of xylose (B) .

T35 A3k — 20 U e R I O R X AR OBE AR g
B2 o J5TRL AR E Tk IR 5 45 R R B, R R
I, pl -AB JiRL AR 5 % 4 95% , pWLLI-TAL Ji7 ki {f
FER N 67% o

% 5. W50-EAB/p3 #1 W50"-TAB 7 1~ [5] 4
ERENEYENLER
Table 5. The comparison of biomass between

W50-EAB/p3 and W50°-TAB

Biomass (0Dgy,)

Medium
W50-EAB/p3 W50°-TAB
0.01 mol/L Xyl 2.09 + 0.05 2.26 £ 0.06
0.1 mol/L Xyl 6.97 + 0.11 15.04 + 0.13
0.01 mol/L Glu + 0.09 mol/L Xyl 12.23 + 0.83 15.77 = 0.22

2.6 PHB S ENZE

b g BB, e R DR () SR Ak N L
Ji T 5 DT R B B Wk B T EE A B RO 1 A
HAE ). ARt — L% T H4 W W50-TAB,
W50°-EAB UL J W50 -TAB #| f A ¥ #1 2 PHB
MRE 7o &5 BB 7R 34 B AR 70 A% TR B OR OB 8% 9%
T, PHB BB 5 o6 HECRR AR 7K S AH 24 T A R RE
ARBEFIR A BER 92 1~ PHB LR #4432 7 9 W
B HE & 76 0. 1 mol /L AR BER: 37 1, AH LL T X JBi
¥k, W50-TAB, W50°EAB UL J W50 -TAB [¢j PHB
BRI E T 26.5% ,22.2% 1 72.2% , {F &
AWK 35 K, W50-TAB, W50 -EAB UL 2z W50°—
TAB [f) PHB & /> B & T 24.4% ,18.5% Fi
36.6% (% 6) .

%< 6. EiHH W50-EAB, W50-TAB, W50"-EAB 1 W50"-TAB £ AR #E1E 5 £ 89 PHB S E/YLLE
Table 6. The comparison of PHB content between W50-£AB, W50-TAB, W50°EXAB and W50°-TAB

PHB (cell dry weight % )

Medium
W50-EAB W50-TAB W50°£AB W50°-TAB
0.01 mol/L Xyl 1.04 = 0.01 1.16 + 0.02 1.18 = 0.11 1.23 = 0.06
0.1 mol/L Xyl 16.2 + 1.01 20.5 + 0.76 19.8 + 1.05 27.9 + 0.47
0.01 mol/L Glu + 0.09 mol/L Xyl 25.4 = 1.37 31.6 = 1.05 30.1 £ 0.76 34.7 = 0.65

3 itig

ARICEHKWEF T R eutropha AFE R H )41 2%
B 3 0 o O LA AR A fE 1) AL R PR W50~

EAB B 1 13 B8 62 4% A 40 Ak B BRI 18 58 i Il 4 o0
ATIE M » 5 23R 45 ¥ 3 21 3 Mk W50-TAB, W50 EAB
LA Je W50 -TAB AR BE J) 13 2 T ik — P4 .
TR B 342 4% Al A4 B B AR AR 8 1 20 22
B T A A TG R Y R A % TR OB 3 A% AR AL B B
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Limiting metabolic steps in the utilization of D—xylose by
recombinant Ralstonia eutropha W50-EAB

1,2 . .1 . . 1 1 . .
Lu Wang ' ", Guiming Liu, Yingzi Zhang , Yu Wang , Jiuyuan Ding ,
.. 1%
Weiqi Weng
'Key Laboratory of Microbial Physiological and Metabolic Engineering, Institute of Microbiology, Chinese Academy of
Sciences, Beijing 100101, China
*University of Chinese Academy of Sciences, Beijing 100449, China

Abstract: [Objective] To further improve the efficiency of xylose fermentation by modifying the pentose phosphate
pathway (PPP) and the aldehyde reductase gene h16 _A3186 in Ralstonia eutropha W50-EAB. [Methods] The
transketolase (tktA, cbbT2) and transaldolase (tal) gene were cloned from R. eutropha chromosome by PCR and inserted
into expressing vector pPBBRIMCS-3. The resulting recombinant plasmids were transformed into W50-EAB to generate
W50KAB, W50-CAB and W50-TAB, respectively. The aldehyde reductase gene h16_A3186 was shortened from 834 bp
to 135 bp by in-rame deletion from strain W50-E in which the xyl/E gene coding for xylose transporter was chromosomally
integrated to construct recombinant strain W50 . Then the xy/AB gene coding for xylose isomerase and xylulokinase from
Escherichia coli were expressed in W50°E to generate recombinant strain W50°E£AB. Recombinant plasmid pWL1-TAL
was transformed into W50°KAB to construct the strain W50°-TAB. The fermentation characteristics of the engineered
strains were investigated. [Results] The expression of thtA, cbbT2 and tal genes in R. eutropha W50-£AB was confirmed
by enzyme assay. The deletion of h16_A3186 gene was confirmed by PCR analysis and enzyme assay. Amplification of
transketolase activity in R. eutropha W50-EAB showed negative effect on cell growth and D—=xylose consumption. The
recombinant strain W50-TAB and W50°KAB exhibited a faster growth than W50-EAB with the maximum specific growth
rate of 0.039 h™ and 0.040 h ™', respectively, when cultivated on 0.1 mol/L. Dxylose. And the PHB accumulation of
W50-TAB and W50°EAB reached 16.2 +1.01% and 19.8 = 1.05% on the basis of cell dry weight, respectively.
Furthermore, recombinant strain W50°-TAB exhibited better fermentation performance with the maximum specific growth
rate of 0.042 h™' and PHB content of 27.9 +0.47% , respectively. Meanwhile, the recombinant strains W50-TAB,
W50 EAB and W50°-TAB showed higher biomass and more PHB accumulation when using glucose (0. 01 mol/L) and D-
xylose (0.09mol/L) mixed sugars as fermentative substrate. [Conclusion] Overexpression of the tal gene resulted in
incressed D—=xylose consumption. Deficiency of the aldehyde reductase relieved inhibition to D-=xylose metabolism.
Combination of the two strategies contributed to a higher efficiency of D—=xylose utilisation and more PHB accumulation of
the engineered R. eutropha strain.

Keywords: R. eutropha W50-EAB, D—=xylose metabolism, poly-8-hydroxybutyrate, pentose phosphate pathway, aldehyde

reductase
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