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e EVER G R RN L £ . AR SCEEMHARBL4ERENERL, A= B
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HIV) 2 BAAT B R A s (2) RS AF4E 3R (01 21 2 22 20 90 75 TR BR i B A8 1%
filt, 7RAR R EAHEAIIAD A A B AN, (X e 2 HE A M DLORAE AR s (3D RJsi4f
2R AL — LE AR AL 7 X R P B AR P BT, AN AR AR s B AR 4
HIEEYE, AR =PI o WA= 75 (4) B3R Rt 21 4 32 P85 5 S0 K I DA bk gk AT
AR, 10 2 BE AT 51k B A PLIE RN, IR B R A AR A . AR
XU A @, AR S PO HI Y B A B R 52 A R PEIRIFE (Corynebacterium
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BRI ER -
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i NADPH [ & F#AIK 46.6%, 1111 R I8 F Z M Jm i L K] pnedB v LUE L N NADPH
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FabRAE=,

AV ST B DY 7 AR R 2E P B A% Gluconobacter oxydans DSM2003 14 H % B
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PO B AR £ 4k 27K R P HEAT 420 K B98B IE M kAL, Al L A BB R F SRR
R R, fd R BB A A 72 /NI 4R R A 36 /NI . FEEL KT X EAR B PR A G FE A
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FabRiEr=, AR EYR Tl A = 35w 1 34l
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Synthetic Biology Research of Corynebacterium glutamicum on Biorefinery
Synthesis of Biopolymer and Precursors

Abstract

The biopolymers have the potential to work as an alternative of petroleum-based plastics,
therefore contributes to solving the environmental pollution and greenhouse effect, but the
utilization of food crop starch used for biopolymers production increases the production cost
and leads to food shortage. The lignocellulose biomass is an ideal feedstock for
commercialization of biopolymers owing to its abundance and availability. This thesis aims to
produce biopolymer (Poly 3-hydroxybutyrate, PHB) and precursors (glutamic acid and lysine)
from lignocellulose. However, some technical bottlenecks remain to be solved such as: (i) the
inhibitors generated in the lignocellulose pretreatment process suppressing the growth and
fermentation of microorganisms; (ii) the xylose and other fermentable sugars produced in the
pretreatment difficult to preserve and utilize; (iii) the non-inhibitory compounds in
lignocellulose adverse to production processes; (iv) the strains to be optimized globally to
accommodate for the complex lignocellulose environment. To address these obstacles, the
Corynebacterium glutamicum which shows strong tolerance to the inhibitors used as the
starting strain and further engineered with a synthetic biology approach to make use of the dry
biorefinery hydrolysate of lignocellulose biomass as carbon source. In the end, the high
concentration of PHB, glutamic acid, and lysine were produced from lignocellulose by
recombinant C. glutamicum.

In the first part, the glutamic acid-producing strain C. glutamicum S9114 was used as the
starting strain, and the stepwise metabolic engineering was conducted: (i) the stable xylose-
utilizing strain C. glutamicum GJO1 was obtained by promoter engineering and genome
integration; (i1) the glutamic acid transport protein MscCG was modified to activate the
glutamic acid secretion channel upon high concentration of lignocellulose-originated biotin; (ii1)
the a-oxoglutarate dehydrogenase activity was decreased to redirect the a-oxoglutarate flux to
glutamic acid synthesis; (iv) the pentose transporter was overexpressed to enhance xylose
uptake rate. The final strain C. glutamicum GJ04 produced 61.7 g/L of glutamic acid at 1.29
g/L/h from the wheat straw hydrolysate with no need of induction.

In the second part, the lysine-producing strain C. glutamicum B253 was used as starting
strain, and the xylose-utilizing strain C. glutamicum 1JO1 was obtained by promoter
engineering and genome integration. Moreover, systematic metabolic engineering was
conducted to increase lysine production, including amplifying lysine biosynthetic flux,
increasing precursor supply, increasing NADPH regeneration, and enhancing xylose utilization
rate. The concentration of NADPH decreased by 46.6% when the C. glutamicum LJO1 was
cultured in the xylose medium compared to the glucose medium, and the NADPH content
increased by 61.3% when the PntAB gene was overexpressed. The final strain C. glutamicum
LJO1-Pefiu-PntAB produced 31.3 g/L of lysine, which was approximately 25% greater than that
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of the control strain.

In the third part, the xylose-utilizing strain C. glutamicum GJO1 obtained in the first part
was used as the starting strain and the PHB synthesis pathway was constructed and optimized:
(1) the stable PHB-producing strain was obtained by successively integrating the PHB synthetic
genes (phaA, phaB, and phaC) into the genome of C. glutamicum GJ01; (ii) the cell growth and
division of C. glutamicum were adjusted to change cell morphology and increase cell volume;
(i11) the stability of PHA synthase was increased by fixing the PHA synthase in the cell
membrane; (iv) The C/N ratio of PHB fermentation was optimized to further increase PHB
production. The final obtained strain produced 15.1 g/L of PHB with 32.0% g PHB/g DCW
from the synthetic medium, which is the highest PHB production by C. glutamicum. Moreover,
the 16.2 g/L of PHB with 39.0% g PHB/g DCW was obtained from the wheat straw hydrolysate,
which is the highest PHB production from the practical lignocellulose.

In the fourth part, the Gluconobacter oxydans DSM2003 with lignocellulose full spectrum
of sugars utilization capacity was used as the starting strain, which was alternately transferred
in inhibitors containing hydrolysate and inhibitors free hydrolysate for 420 days to intensify
sugars simultaneous utilization. The conversion rate of all non-glucose sugars was significantly
improved by several folds and the total fermentation time was reduced to 36 h from 72 h. The
significant up-regulation of mGDH gene in the adapted G. oxydans strain (more than 40-fold
greater than the parental) was considered as the decisive factor for the improvement of strain
performance. This evolution adaptation strategy also could be used to accelerate robust sugar
utilization for other fermented strains in lignocellulose biorefinery.

In conclusion, the dry biorefinery process combined with synthetic biology were applied
to overcome the technical bottlenecks of biopolymer and monomers production from
lignocellulose. High concentration of PHB, glutamic acid, and lysine was achieved from
lignocellulose which represents a big step toward industrial biopolymer production.

Key words: lignocellulose; poly 3-hydroxybutyrate; glutamic acid; lysine; synthetic biology
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IR B = B E R, B TN T). IR 7T F 2 RET R 3-55E TR
fig (Poly 3-hydroxybutyrate, PHB) W&k, LA R ER A =R I AL 7= o

112 %32 THRE (PHB)

B 3-FRIETRERHFR PHB, ZRFRANENREE (Polyhydroxyalkanoates, PHA) X
TG B R NATTR LI 73 B 15 2] —2% PHA. PHB /&H R-3-FRJE T HEAHAG A (R-3-
Hydroxybutyryl-CoA) 545 2| B2 =0+ 5K, MWK 1.1 s, EEME 751
PR 5 SR AR AR AL, B A R s AR A i

o) CHs

O Jn

B 1.1 PHB ISR
Fig. 1.1  Structural formula of PHB

PHB it # 72 A= )48 RO PR 1l A 266 TN & B — R A=) S8 R . PHB A4 RLRL #40in
Ak, ToREtE, EVIRTRERAE A AR AR DS, K PHB C2w i B, I
PR 7185 T8 QR i 000, il AR BE R RIIO N, 2add, ameptpiliel, 4
FUE SR YR,

113 BRRIENATR S AR S

L-BEM, XPR L-o-@FEK MR, 7o TaimniE 1.2 fos, A a2 R
ARG IR -8R . B2 TWER 2 MRIEM 1 ADEE, XA R LA
HATBLHEAT 2> T IR R A AR - BIRNE - AR, R R IR BA KIS, ]
M, AV A YT R, AR BT A R BN I T R
R ES AR BORBE R E ] T AR v- 25 T IR, Bl I S N AR T N e
T BRI AE AL TR A B R G B B R 31 5 &% (Ring Opening Polymerization, ROP)
AR R ERG 4 (Polyamide 4, PA4) (W1 1.2 Aion). PA4 B LY AT FEfEdE, LA
FREFH RS BERRYE, AR tEAGR Y, AT DN R TR RLEAT A . =R
i AT PAZE I B AN S SR F £ R A U =R (Glutaric acid) 2, R R R
AVEFREZE T SUEY, BB S ZIuRE R B AE R I R R, WS
TRERE AR BN FERS (Poly propylene glutarate) 125, R LIS —Infi% e B
MR E G, 5 2 i N AE R ER I 65 (Polyamide 65, PA65) 29 (40 1.2 iR ).
F—J5h, BT EBRKE B O 300 SR, gl B R ERH T REAY
A rE, BRARE T AR EE, WRRE T RER TN
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HzN/\/\”/ Cyclization Q?o
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0
Poly(a-glutamic acid)

B 12 L-ARREREVERESY
Fig. 1.2 Synthesis of biobased polymers from L-glutamic acid

1.1.4  HERRENFE S RAEYER S

LR, MR L-2,6- —RZECE, it 1.3 fox, ARSI & iR
ARG 48 LR IR . MR TN EAH 2 MR ZEM 1 AR, ] Luiid 7
TIRETEHER o- MR RINER e- e, PIFh SO R #R A Kt . FAFaE PRI R
P, KRR E MBI . A RIE ] Uxf%kﬁ%@zﬂﬁﬁ?ﬂ@iﬁ/ﬂ/ﬁﬁﬁTEEEJZUZ_H;I
(Pentamethylene diamine) %), % —Jn] L5 —nRE A E MR, Wk &M a—
FRAEMEALFIE F T 48 6 8 i AE V2L R % 56 (Polyamide 56, PA56) CanlE 1.3 Fras)o
PA56 5 PAG6 Ml PA66 AHLL, B4 S AFHIIABERRYE, B0, WK, Bl s
A ANE AR 2 —12), JERRIE ] LA AV G AL 6- 2 CR, 6-2 5O
i — B IM R BAE R e- TN eI, ol IR R G S N A R M 6 (Polyamide
6,PA6) (I 1.3 Pim ). MR th n] DAL id A AN B S 2B R 5B IR, 5- = IR
B E — 0 IR A OB A RS- TN Bk i, e A I T BR IR A O AR R G S
(Polyamide 5, PA5) B (4nl& 1.3 FroR ). b4k, e BEIGAT &- 15 P B ik v] ATESUT
@?%@E"J@%Tﬁﬂ%ﬁiﬁk Wi 65 (Polyamide 65, PA65) B, H—J51H, &M
SRR R 200 JNE, I F A R T He N HAE N AE VIR R A Y 0 ER T A B E T AR A

321,
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Polyamide 5

Polyamide 6

Polyamlde 65

13 LMERAREMER S
Fig. 1.3  Synthesis of biobased polymers from L-lysine
115 VISR R0
BRI R GV EATE) R (R w5t W] LA A2 S 41l (T /5K (H2 H AT
AR EVE R SR SR ESWET R 1% REIEDER SRR &R T
BRRIE R B HAE BAS, AR SR G R OGN KLy 0.6-0.9 %
ToHE, M ARSI KL 2.25-2.75 @Y, AR EA K2
AP ERART 30-40%0. HET, VRIS BT AL 2 3 R M T R — AR
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T RE LM, R RERKAIRERE . M H, xenT g AN ERHE T RE6% LT
Az g > RN, SRR AR . DA Y AT B A ORI A = A ) JE S AN
SAARAT A, IS FOR R B AG r) O
N T BRI GV LATR L RS AS, (R 6 G 5 S WAL B IRAR 75 4
AW FE IR IR 2T 4 s A s A = A I R SV ik . RIREF 4RI (B
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Fig. 1.4 Diagrammatic illustration of the lignocellulosic framework[4?]
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B 2-PR R CTR) AR BRI D, 77 AR IR o MR K T B 5- 38 Y B -2- R R I (5-
Hydroxymethylfurfural, HMF). 7EACI ], ik ERRA IR T, HMF 2piidt—3
Bae A2 2y T R R R PR JRRLTOY, R A, 2 gt dE — D B A o FRRREC). LR FFAS R WE I B A =40,
M 4R IR AR KR R R ) = Fh 254 S Ve IR T S #2
Pk AN AR UK R AR BT, A RCR 2RI EY), W IR, WA
M, HENE, “EMMEE, SRR, TEE, THER, FURMARE, XEEmn
B R P S DR AR A ot o AR o A B 2% AL PRI AN (] 1y S L7O8189) - — e S5 AV S W) (R FEAD,
S AN RS, FERSRR AN B T R SE M W A AR B AECE 7K i 7083861 i 7
MR E, MR 005 B RSP a0 2R RIS S31, SR ERISS), pURERRISeST, Ryl
871, Sof R LR AR ISR AR R R RO AR AE TR AR 4 = b, B iRk &
W) — RS T AR5 4T 4 2R K B P B 55 03 o i FRAIT S 3N Ak & P A TR AL B
IR HOE 2 T AR R BR AR R ER S, B 1 DRI AL DS A, AR TRAL BRI b 25 7 AR — L fii
Wil . TIRR A B R A AE AR, AERR UGB R, T RO 1A A 1Y
fEhx FBEESES TIRBG GIand, &, WSk, X8 1o K Eik™
A | 4 9,



LRI KPS %8 T

OLIGOSACCHARIDES

AND DISACCHARIDES
Cellulose / A\

HEXOSE

Ash SUGARS
<1%
Extractives Glucose
0,
PHENYLIC ~2% Mannose
COMPOUNDS Galactose
Rhamnose
/ = \
| Non-phenolic Phenolic
i pounds, : - -28%
compounds, s o
oo for fexample. \ / PENTOSE e
: coniferyl BENZO- SUGARS PURANS
benzoic acid, aldehyde, UINCNES Arobinots
cinnamic acid ferulic acid, Q  HWF
8 | 4-hydroxy- ~ 2-Furoic acid
. benzoic acid Hydrolysis of esterified phenols Furfural
URONIC 4-0-Methyl-
ACIDS glucuronic acid
Galacturonic
acid 2 iy <
Glucdronic \:/ Acetic F::izlc Levulinic
s acid acid
ALIPHATIC ALIPHATIC
ALDEHYDES CARBOXYLIC ACIDS

B 15 AREFER R T IEAR  RH 0)

Fig. 1.5 Inhibitors generated from acid pretreatment process of lignocellulose 01
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phaC FER YD R 25 MR RIS & B8 (PHA synthases) K (R)-3-F24% T BEAHER A 485 %
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Fig. 1.6 Biosynthetic pathway of PHB
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Hii 5 Ralstonia eutropha ) PHA & MR I b 20 & T R, RIS IX AR S BT K Ig T
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Fig. 1.7 Biosynthetic pathway of glutamic acid!'?’!
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(1) BHK o-Bi % TR IEEE R (Oxoglutarate dehydrogenase complex, ODHC) ¥
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ARBERRILH) Odhl 3 H 25 ODHC HJIEEEE 1 OdhA AHEM, M| ODHC i1k,
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Fig. 1.8 Biosynthetic pathway of lysine

KT MR A AR 5 T 9t 32 AL

CU BT LR o BLE 2B 2 2 IR & e B 22 I BT AAR Do, 38 D Rk 2 R 1) £t
IVEINRTEE = ERN 4 T 0 SN AB BN IE 2 iR W iy e AR e el P/ SE A Ok
NEE R, WiEm TERF &, X5 aE i RIET R R L EES150, o
IRl IR A Tt X TR T PR AR A i L1521 e 5t R s e =X, R B 22 e g 19 5555 A TR T PR
i B 0, S —T5 T, 54k TCA FEFRAAH SCEE ) 2 th ] DU i B = R 1) A 7
CAESE A HE AT IR LA, PR Al o210, 39 QUG R AL [ g 164

(2)345% NADPH F54= . 1 mol Bt ZFRAE % 1 mol i %2 75 223 #E 4 mol NADPH,
(ALt NADPH [ £ S0 T Mt 20 B8 G il OB B . HLIRI S N NADPH 7248 (1) SR ig &
V46 2 HE A DR AR A T 22 (1) 3 1 R R L R A%, IXRE 1 muol ) ) BEAR I T LA 22 42
it 2 mol NADPH. LA 1) 75 15 A4 i 3% i 26 M -6- W 1R e A L ©°0; o ik M- 1,6- — 1%
PR AR 000 3ok 20 81 T W - - Tl 18R Mt S B L OV -k R ] 2 A PR It St 1081, L 8 i
I R IR AR S B AR, SRR RS, N T IRIOX AT E, R
HHGHETRARIBE ) NAD AR 1) o -3 I i UM 5 5 NADP A58 28 (1 H vl
Pitt -3 - Tl 2 o S g, o 723 96 2 R e o % P A i A2 ARt 1T LAIE iE NADPH F AR 11691700,

(3) BRI WEA . WD TRER A 2 RHEBEMI, BREREIR
FFE %8 SR — ANE IR /I B 2 LysE, "B ST BiE R AR R BRI /i, 18
BRIBRERAT I P Rk IysE JER, AT DU 2R Zr Wbl e g ey 5 5172, FEmE H LR
Wt Rk ysE JER, AT LG s R i e U KI AT  YOIE B A S E ] R
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(R 28 R b B 1, I 3R by E ik DR IR o400 T R R st 2 PR 1 Y 3 i 741730,

(4) = PRI . ER R B rh, 380 260 08 11 2 R PR A, 3 53 i 1ol I A I
A B BL - I 5% #2288 (Phosphotransferase system, PTS) SZEI76-1801 {H 21X A ik
PR AV, 58 Gt 5 B0l 1 A T G DA R PR P LA BRAR , X AR A ali2 b 1 A BRI R T RS« 3T K
MNITCRBL 10l T1 A 10l T2 Fiht A WLEE #2328 8 1 B T ARG IS A & 1S, JH ol T1 6 %1 4l
P I 22 Gt 456 A E sk g A 1 DA T PR AR RS0 28 () 26 B R, DU B B &Y 1) PTS &%, W]
DAASE 1 2 R P = = A i 20%H 77

(5) BEERE . RAT AL S5, BB P00 T U 1 e R A P 2 R
B, Bk, $2E ATP HI6 B S w2 B AL 1 ) — Fh ok eg . gEppiicsteh, A
I7) B A iy SEA G B AL B B ATP IRCR AN ], AU ZR aas AAGE R BFLLAH IR E bd
AR SR B R B AE ROR = 3 A5, R, REBRR A4 8 3R bd ) S AE TT LAY
IR RR AR 7=, I HAS S B R FH 3 2 A 48 A= 19

14 RELERE=EVMERSY EATE Rk

141 HNIIBEAG K e a1 AR S 2R

FERBAYER P B R T, R 777 AL A AL, I = REF WL,
BRHAEIR (48R, WK, CBARR, BRWEY (SRR, MR Moy &3t
B (A-FRFIR TR, QoK ) USH, TXEeql & W) o 0k A I v R A AN TR R B FR 4 235
R ISEGERR NI . 9 7 ERIAIRI D A0, §FFEN OT AR T 2 RS AE I RE V5
(EREBEAT — Fh 592 n] L5E 2 i B SE M, Xl SRR B T vk b AU 26— € [ A 114
M3 HEST . (HAZ, fERREMEREWA T mk (A IRE, P RE, RERE, ik
TR AT EL R AT 1) X it s PRz, R REAE MR B i A A o 21 4 2K i
WP AT RO, X KRR 1A F R R 2R, IERIA, 38 TR AR 2T 4R
AT RS ER A I e B ST T 36 T R PR TR PR VR B v A IR T R )4 A D i 2
RIS RAR R A RIS, FT- DL EHRE, AWk & B RAT B A E 9 A vk, A
NE B A AR SR BN 524, T DR AR BT AR 4 28 o (0 2% A 0 AT A R B A9
BRI BOE R 2 MR A8 77, AT DA AR TR S50E A 7 4% ol s B InME
7Pt AT DAEE S SR PEIRAT 1 T A 2 7 Y R S A%

142 RFEFYER 2 08 o B RAE -5 A H

AR YE R WK AR P~ V) O 5 SR, AWE, BThcfeows, ~PyUBEAH #anE, Hrop
] BT BERACHEE — e 20 1) o 40 AR B 2T 4 2R R (Y 60% 1 30% LA _E, DR 1H 2] 46 W RTACHRE ol o
I ORAF FIR X T AR 27 4 R A0l Ao B2 i W B A TP iR, e
LERBONRE , FETRAC BRI RE A e b, DS e e W 4 00 W] DAAS BRSO IR B . R
FEAFAE T LT gE R, M4 PR3 (- £ 2 22 R AE AL B R o e oy vl v 2 )
ANZERE, I B EE AN B S I R ORI R EINN, S EORKERS AECLIRAE . XL, ASHE
TR T TERPRAL PRES & [ 2LV MIBOR, (845 A A I i i e mh A IR K R 7
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Az, ORESRAL B A AR R ACHE S B DRAFAE [ AL, RIEF 4R — T JE SR
MKFELRE . 53— 7, —SRME R AR IF AR SRR EE ST, IR 2SI SNRFIA
BEAIFHZEDY, s AREACR R

1.43  ARFULF4EZR A B AEFHIAD 2 73 0k P () 5 i

KNI LR IR =Y T MG LGS, A7 AR —LedE3ME )2 7 2 0k B 8
ERFEAT . AR (44K BT |2 AR T & AP (KRR DR R
AMHBEES b, HHARNEYGSIN T (B, b, s bk
PR, X R BOR A 4E R KBRS PR R B R, MAE R REEMERD
FAE AR Z R I /- WA A 77 o BRI INE B R AR T B AG0 ] A5 S 2 R I 7
Why AHGEIEID THEAE R B 2RI A P AR . TR, T A AR TR T R =R 5
WIEIE , AR DIESH REAM RIS E A @ B2+ L EW . 5—J71H,
R YER B = rh & A RE PRI, 0 B0 55 HARE FR R B, BRI R
R A YL IR RO TS, 75 EEAR S A 7 () 75 BN IAE NS FR o0 3 . A AR &
VIEER N P, RE S IS B N BRI 2 AR AR R R A T R — IR =2 A
FRE IRk A B B AR, DRI 75 A ARV Vs o &2 %) FR I 20 TR R 7 2 TR A A2 R R X AR
KK,
1.4.4  BIRINRJT LT YEZ I EE 75 200 R I B R AT 4 = 4%

KA YLK AR & A R ERH E AR, T s R R ARG 4E %R, —
P SR I A Ao 0 AL 48 6 2] R AL B R FH 6 0, AFL I RS 70 B AR IS A ) R AT L
& (Carbon catabolite repression, CCR) HIILR, X" HFZM | K BERI1F 3N 25 7= 5
TS TR R TR R FH R 5T A 4 2= b B 2 BE AN ORRRE 38 R NS R I TR R AT O B M
A B X AR s AR A BE AT oA . IR R B A RS HBE ), EFHmIIA
HMIRIIARHEACU B4, T T OB AU B A (1) 5] N b SR 2 s i 21 S AR R 7E m), AT 1 TR
I JFE A B AL AL SR A RE BT, XS P 0 B B AT o A5 AN A s 2 R AR 7 B R
FINARBER @A, TAKE 32 Z i R SRR A B AT AR, 5 250 ) B a o ol e T
ARG IE R, 2 T 4HEE NADPH A, MR =K. Ewiikd sl
NP6 U AR 1 23308 AL SO o AR S5 £ 4 2 7K AR P A0 420 R A AR S 0 R
FAERRE JHR T — 8 BUEER, TR T B ok PR i T el 3 75 HERJO 38 o 4 1 A KA 00
AR AR KIERGE BRI A, ZRA LA E LA, BT R A4 R e, T ERH
G AT AR AT 2 R TR .

15 ASCHNLEREA EEZG AN AE

BEE ARG E, REYMEHAE NGt & il B E 2 E A, (HEA
W] BRI R SIS A SHEE K T ERREE . v 1R E AR A TF
M, KT “HEEAE TR, IR R DT SRR AL, (RN S BRI A Bk



LRI KPS

017 T

AU FAR, AR R

R0

(BRI EIR ) A . H AT A2

BX A

R0

WAL G2 1 i A
BIT RS (Poly 3-hydroxybutyrate, PHB) B4 & A, VA SLAEY)FHE
Ve O Bl ek

BX A

RaW. AR EERETE 3-

REVINE AT A

k7

REVENHM 1%,

R0

R o 52 B e 2 1A SR DR A A 7 JEURE g T A PR o ZE W0 3R 0 S i R 1) 26 7 2 A
Fr AR R, X AR K 3 i 1 AP AS, 5 — 5> R, 3 R

BRI

AR YER BAORIE 2, BN E RS, N 7 R

X
G

Yo7 (0 Sk

A, [RGB AN AR B AR S5 4, ASHIE T RIR B A S A 4 3R AR o A e A A

BX
oy

PR B A 2 7 AR KR I, B0 A2

W BRI o AT AT 4t 25 5% B2 0 WAL B AR AR )5 A Re e AL o A= el R F RS, (H 2

XN
RE

WAL RIRR JCIRAE i [

RFAGEZKIER T ER . NICAH TR T C. glutamicum {F R KEE, FAER
AR AN YT 21, AT DK ORI A 4E R AR R BB e, 5-FR T EE BRI (5-
Hydroxymethylfurfural, HMF), 4-f2J:7KH % (4-Hydroxybenzaldehyde, HBA), 7 F.E A1
TN P A AR T B I EESRAER R (Wl 1.9 Fros), b = B IR
FEER R DU /a8 55 5 RO A Jot 404 34 3R b A7 IR I AR KA R e 190 55— 7T, R
RErgERPEARERNAEMER, MEMRSEH C glutamicum ARG FEIL4H
MR EEVE , IX I8 T B T A 4R 4 3 R R AR 0 C. glutamicum 38

ok &
nnn'ﬁjéx

e PRIE I SE & dh 2

B 5 (Food and drug administration, FDA) AIE AN %

2k (Generally recognized as safe, GRAS), A =[1r= i B A HFM 22, A5ANW

BR, WH VNI,
(a) Furfural conversion
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A2, C. glutamicum PRI GTA UL 38 A 7= B TG SR AR A — S 75 i e )
B (1) AR AR BRI R (L& B, 36 & K R, TIRAM C
clutamicum FRERFIANE, FHFRHIRS: () ARTAZ AW OBIREE , T
Foth g IR B BD i BT R AN = P06 AR SRS F5 Eh VS 0 SRmes A0 & I s s (3)
RIBA YR SHREREDR, EVER S AR M mFE 1, im0 2 28R 1 7>
WHEF=; (4) C. glutamicum B 5 IFAE#% PHB & 812, 7525 NINERI =906 B
s (50 B BRIEAC G B AT B W5 BOER AT B 5 N F o T8 A I 1 PR A H) LA 3 iR
PETIRE P, B R BT 2 R IRE . Bk, A S Jeis i T U IR Tk
W, LYK DR RRARER LN NEY T KRR, B C
glutamicum 1EJYHKEM, MG BAEY T, HXARBL 4R AR BT,
Xf C. glutamicum BEAT 4% )Ry I AR CAR OS5 Jim 79 31 1 BS0& w1 AR AT AR R T 21 48
BRI P AR B TR B i A
HAR A A BFE LT LA 7 1

(D B EBREF B C. glutamicum S9114 V5N UK B, I3 R A 4ERIK R,
FERR N SIAARBER A2, IR BERI AR BuE C. glutamicum WA R TR 73
Rat, FHITLDIEARRA 4RI R AL TR WA WA, 4
Bl 5 22 1 3 ) H AR i BRI S 55 A R BT 4E 2K A 7 m AR R R &
I8

(2) IR BRAE = #itk C. glutamicum B253 {E N H R E IR, SIAKRBERIHIERE, IF
I INATAABEN, I &P P08 R, 48 i e TP A R S TR 2 R 5 s et A2 O B il 1 30
A5 2R H AR S BRI B, R B IR BR AT T 4 3R A R R Y BR ] A
o AN AR 4EZ K MERAE ™ SR b 2 R

(3) AWFFE (1) 15 BIAREA H B RRAE v A w51 NSMNE PHB & RS AT
HEEX BAs= Y& AT g miitl, JREDFR RS 2RI H & % PHB HIFRIE D
PR, Kig$EAtHEAREKE PHB 47768770 A A R BR A IRAT B 4 72 PHB 1) K B 2% A
BATOUA, MR TEEBRIRTL4ER PHB 4 R%:t.

(4) L Gluconobacter oxydans DSM2003 1E AW TN G, %6 HAE AR A4 = /K fit
T8 ) FH 7 2 0 B U 2R AR 1 e R, s B M A ) T R R e LA B R I R
FAEFE PR 2 UM 53¢ S5 T Eoof kA R R AR A SR B DRI BEAT 20T, 48 L0 R R PR 4 W R FH o
FINPE A o
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B8 WEARRERFENAARAHERESRSIEASEER

21 BlE

L-B2ME, XFR L-o-2 0 1R, 18 % AF SRS o 751 B FH A 6 i U, (H2 H T
HABIT K ARG ELEA . BRI TWEH 2 DREM 1 DM, g
PRI FL AT DLEAT 20 TR R B AR R o- B AR EE y- B 2R, MM RS = RE R A K
Ve, T F I, AR AR S RN A W nT B AR, R B BT AR BRI R I 1T
BRIV UAER AR R B AE T AR y-2 A TR, i — P e s AT
M, T ABERRAERATIMIER TESHE F AR REEEREDMERM L 4

(Polyamide 4, PA4). PA4 H AW A] (g, LLR REFHECHRR M, R E A
B, WTUAE AR TR BT . B A BRIE v] LAt B A s B A & A F
ZRBEERUR ZRPY, KRR EWAE B SEY, BRER LS ZuhE N
AR IR R e, WS RS A R R R RERR Y, el DL ook
RONA SRR, WS O R N A R B 651201

HHT A 2B r=E gt 300 ik, K r=geid 1A =i H TR EWA =,
BEdR i 7 m i eE, WisE T AR g . B2 HATA 2R 1 2 LLE A 28
SR ERHAT A, ZADGR m T AR, WEcD TRE MR, R AERE
FRE BT KR A RN R E P2 B AR A T B8], FERZ AN E
KIGRI R, ARBAF4E 2 JoBE 2 s i I, BN B EAA RIS & I B R SRR 3409
RFAGRHAYER . AR RAN, AR S A4 R T rocH s, HH
KL EPa T ARFALER BHER) 30%. C. glutamicum & H T ZER TIAL A = BB AR,
{H2 HETHRE I RIR C. glutamicum R GeR| A ZIHE, T0ABER AR

FEA R BRI R ) AAKE R FH i@ 4 v] DA =5 4H B AR AR B AT 2R . A
W LI AR BE R IS AR AR RS R MBI, fEARNE S MBS, xyld ZEF gwmbsH)
A T KT TT DR AR BE AL AT bE,  AERBE P8 I xylB 55 DR G b () AS Tk e i .
TE SR B -5-B6 R, H AT DUV IR i A2 1 v (B A i i — oA . 7E glutamicum
R U5 IE K R AT B R AR S g Tl T DSl o 2 B o) FH A DAy M — B s A7 A2
K961, g imid Rk C. glutamicum KRBT RAR IS 2 & A2 17 2 M r [R5 F)
T, FERRRFERAT B RIEK H X, campestris 1] xylA FERFK H C. glutamicum
(1) xylB F KW LLE— B IEIRRE R I 2. Il AE C. glutamicum T 5] NARHEHR] H i
e, AT DS R I ACHE A = FLER TS, BREAERIS-20), 3 B ERIZON, y- Sk T RO
1,5- & B 203

Gopinath %5 N8I iR RIA xyld FERIERL AR C. glutamicum ATCC 13032 HF4 &
TARKE M IEARM, X E A RS IR A ARRE R LAY K, £ T BE
15T T2 96 NEAUHIH T 8.7 g/L AR¥E, XAz BRI A Tk g5 . AR
R AEER SRR E P B R IRIEAFAE LR J VMR A R OB I R (1D RBTEF4EzR &
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AREREYZR, IR MREREENE, 7B 17N RIS, (2) K
BEARE 18, I Hasd FOR R IA xylAB BRI 5 2 R oRLG st A% i A fa g (3)
BRBRFFC, AN ZRE AR A AR, CIRERI N RKEL K.
HAT, MRBEF YRR R R B AL P A R, AT A5 T 2 9 SR X A O D e
BEAT KB IR 220,  BOA RN A AR R 47 4 2 P 1 21 4R 22 21 43 A EAT B 2R 2E
P IT o

AT FE 2 L G AN R ) J5 B 5 RIE A FRIRI xyIAB ZERAE C. glutamicum
S9114 HHIEANERI &2, FXF C. glutamicum BEATAR G TRE SO A 3L vT LATE s 2B )
RIRFERIZ A K S RO i A R R R . ARG | — IRAHIHE- T IR
FEAT K R P PR il R AT AR vt R A 7 A8 RR I R A TR o I e TR PR N A 21 4
AR IR I bR TR FH BE5E T A

22 MELEHE

221 WPk, BEIREEMBEIRIAEL

/NS A R ) JE 06 B R P S0 45 381 ) A T AR IR 2.1 P

KM B Escherichia coli DHSo T 3R 1K FURL AR bR BRI IR 2, KA &E E.coli
BL21 H T4t R IGH & RIE I ARBER LR (xpldB BL21). 5537 KAt B 18 H 55 37
S Luria-Bertani (LB) }i7#3%, HARR W : 10.0 g/L & ALEH, 10.0 g/L EEHRA 5.0
o/L FERFREY) . BEFRIRAEN 37 °C, WERRIR TR, WFRR R E N 200 rpm, W
R EE TR WA R E RO BURL R AT 3, 75 ZEAE R 78 B TR AU In 4K B
50.0 png/mL HI-RABEER .

BRI C. glutamicum S9114 J&—#k Tol EFH TA =R 2R Bk, ik
AFAE B T A SO (SIIM, Shanghai, China, http:/www.gsysiim.com/) . AXSZ5
H C. glutamicum S9114 F BAE R H R BHREEAT A o 28 2 R EIRAT B A T8 Pl FH 1 33 97 ik
AWM, 202 R A RS A E S A R IR, AR s 3 EE A
TR MIRIR LT, Fi7- R 75 38R i R B2 R 7R 2 10 AR o F

(1) PikEFRiEaeIt: 25.0 g/L #i40E, 1.5 o/L B 54, 2.5 gL JREM 0.6 g/L
EREE, 25.0 g/L LK%,

(2) FhpREeE. 25.0 /L #ZikE, 1.5 g/L MR 540, 2.5g/L JREM 0.6 g/L it
FREE, 5.0 g/L EK¥K.

(3) IRFIZEM TR FRFE: 1.0 /L Wi 540, 3.0g/L JR&, 0.6 g/L WilkE:, 0.5g/L
TKIE, MR DLEANIN 60.0 /L %l 45 8 sl AHE/F B .

(4 BEEWREFRE: 1.0 gL B A8, 3.0 gL JREK, 0.6 gL WRERE:, 25.0
g/L TK3E, MO 60.0 g/L 78 2 B oA N RIE .

B AR AT B FL AL BT 3G 7R 2 A A, 30il2 LBG IR A3 IR 5 A
SOC ¥r7idk, ik EHE| LBS Pk, BRI
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(1) LB 15383 10.0 g/L &ALEN, 10.0 gL A, 5.0 g/L BERHEIA) .
(2) LBG B85 10.0 gL &AL8, 10.0 g/L FEEMR, 5.0 g/L BERFEH),
30.0 g/L HZ&M, 20.0 g/L #i%ikE, 1.0 g/L & 80,
(3) SOC ¥4753L: 20.0 g/L AN, 5.0 g/L BERHEE, 0.5 /L E AN, 186.4 mg/L
FALH, 2.0 gL SNKEEMEE, 4.0 gL HEHE.
(4) LB F#R: 10.0 g/L &4b8H, 10.0g/L AR, 5.0 /L BERHERY), 15.0 g/L
HEH o
(5) LK “FAR: 10.0 /L &8, 10.0 /L EHAMR, 5.0 /L BERHEEM), 50.0 ug/mL
R ER, 15.0 g/L BEH
(6) LBS *FH: 10.0 g/L &AL%4, 10.0 g/L FRAM, 5.0 /L BERHEEY, 100.0 g/L
RERE. 15.0 g/L BflEH
B AR IRAT B B S RN 30 °C, GnfERE IR H 597, ) 7544 1% 3 v 5 200 rpm,
R T E I A R B RPN S AR PRIRAT B, I 75 EEAE R IR B rh oM I 2%
W N 50.0 pg/mL R RER.
FLWE R ERE Pediococcus acidilactici DSM 20284 W H 12 [ 3 A= W) B T £ 5+ O
(DSMZ, Braunschweig, Germany). P. acidilactici DSM 20284 1] 3= EAF F & 32 (L AL H
IR SRR A BE R R (xoplAB 2911). R 3LI8 F BR 1 BT FH (0385 32 52 A 8146 1 Man-
Rogosa-Sharp (MRS) 373k, HARM 0T : 20.0 g/L #i%iHE, 10.0 g/L SEEME, 10.0
o/L BERESEE), 5.0 g/L LB, 2.0 o/L FPERIREL, 0.58 g/L L/KIRIREL, 2.0 g/L BEIR
A, 025 gL —/KBREREL . RFFIRIE N 42°C, WERRIKFE9%, MIFHKHEE K EN
200 rpm.
W RER: fH 5 Amorphotheca resinae ZN1 f& 5556 % 2 Bl 0 S A3 B FI Y B w ik, H
A ARAZLE B @ A R R 0 (CGMCC), BRI 5 N 7452, A. resinae ZN1
() 3 AR F R W2 R A 4 R 20 PilAb B 5 7= AR A M . 3597 A. resinae ZN1 T
B R LR B A MRS IR RN (PDA) Bi9Rdk, HARE TR : 200.0 g/L S8 EHEHL
W, 20.0 g/L Hi&HEA 15.0 /L BiflEkr

222 PRI
FYER M CTec 2.0 H T KRBT 4E R P AP E R AT 4E R, W E b E L)

AEAE (P ED A7) - R4 NREL LAP-006 $i5 B 1 B 7 & A5 £ 4 3 Mg % 9 203.2 FPU/mL,
214 —HEBIE N 4900.0 CBU/mLP%, #2 #% Bradford 77 745 2 (¥ E R 87.3 mg/mLP%],
PR ) 4 A U0 i T D #1 J5oRL B BR R B A RS PE R B, W Thermo Scientific

(Wilmington, DE, USA). DNA R-&HH T4 35K Br, DNA R H T B85
TR FE R BORN ORI AR, IX P AP AT A2 B Takara (Otsu, Japan). JG4% o 87 & H
TR S A R P B R R BN BORL A, W 5 DR A% 7] (Nanjing, China).
JFRLH R B, PCR P&t [ AR 7 G A0 e e [T U 77 & 2 T B L e o 26 4
Hi /A% (Shanghai, China)o. AR A HOAE N 75 A0 3K
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Table 2.1  Strains used in this chapter

Strains Characteristics Sources

Escherichia coli DH5a. Host for plasmid construction Lab stock

Escherichia coli BL21 Genes xylAB_BL21 and araE source Lab stock

Pediococcus acidilactici DSM 20284 Genes xylAB_2911 source DSMZ*

Amorphotheca resinae ZN1 (CGMCC 7542) Biodetoxification fungus [207]

C. glutamicum S9114 Parental for glutamic acid fermentation SIIM*

C. glutamicum-pPH36-xyIAB_BL21 C. glutamicum S9114 harboring the plasmid pPH36-xyIAB _BL21 This work

C. glutamicum-pPH36-xylAB 2911 C. glutamicum S9114 harboring the plasmid pPH36-xylAB 2911 This work

C. glutamicum-pPsod-xylAB_BL21 C. glutamicum S9114 harboring the plasmid pPsod-xylAB_BL21 This work

C. glutamicum-pPsod-xylAB 2911 C. glutamicum S9114 harboring the plasmid pPsod-xyIAB 2911 This work

C. glutamicum-pPeftu-xylAB BL21 C. glutamicum S9114 harboring the plasmid pPefiu-xylAB BL21 This work

C. glutamicum-pPeftu-xylAB 2911 C. glutamicum S9114 harboring the plasmid pPefiu-xylAB 2911 This work

C. glutamicum-AldhA::xylAB (GJO1) LdhA knockout and integration of the expression cassette This work
Peftu xylAB_BL21 in C. glutamicum S9114

C. glutamicum-AldhA::xylAB-AC110 (GJ02) C-terminal truncation of MscCG in C. glutamicum-AldhA::xylAB This work

C. glutamicum-AldhA::xylAB-AC110-RBS (GJ03) RBS with 0.1 a.u. substitution of odhA in This work
C. glutamicum-AldhA::xylAB-AC110

C. glutamicum-AldhA::xylAB-AC110-RBS-Aack::araFE Ack knockout and the integration of the expression cassette PH36_araE in  This work

(GJO4) C. glutamicum-AldhA::xylAB-AC110-RBS

C. glutamicum-AC110-RBS0.1 C-terminal truncation of MscCG and RBS with 0.1 a.u. substitution of [208]

odhA in C. glutamicum S9114

DSMZ* 78 [ fl A= ) B P AR g A o0
SIIM?* _E ¥ VAWt 52 i
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Table 2.2 Plasmids used in this chapter
Plasmids Characteristics Sources
pTRCmob Expression vector for C. glutamicum, TRC promoter, kanamycin resistance Km®R [209]
pK18mobsacB Mobilizable vector for selection of double crossover in C. glutamicum, kanamycin resistance KmR [209]
pPH36-xylAB BL21 Vector for expression of xy/AB_BL21 by PH36 promoter This work
pPH36-xylAB 2911 Vector for expression of xylAB_2911 by PH36 promoter This work
pPsod-xylAB BL21 Vector for expression of xy/AB_BL21 by Psod promoter This work
pPsod-xylAB 2911 Vector for expression of xylAB_2911 by Psod promoter This work
pPeftu-xylAB _BL21 Vector for expression of xy/AB_BLZ21 by Pefiu promoter This work
pPeftu-xylAB 2911 Vector for expression of xylAB_2911 by Peftu promoter This work
pK18-AldhA::xylAB Vector for replacement of /dhA by integrating the expression cassette Pefiu_xylAB_BL21 into the genome of C. This work
glutamicum S9114
pK18-AC110 Vector for truncation of C-terminal of MscCG in the genome of C. glutamicum-AldhA::xylAB [208]
pK18-0dhARBS0.1 Vector for RBS with 0.1 a.u. substitution of odhA in the genome of C. glutamicum-AldhA::xylAB-AC110 [208]
pK18-Aack::araE Vector for replacement of ack by integrating the expression cassette PH36 araF into the genome of C. This work

glutamicum-AldhA::xylAB-AC110-RBS
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Table 2.3  Primers used in this chapter

Primers sequences (5°-3)

pTRCmob-F accatggaattcgagctcggtac

pTRCmob-R atgataagctgtcaaaccagatcaattcg

PH36-F ttgacagcttatcatcaaaagctgggtacctctatetggt

PH36 (xylAB_2911)-R
xylAB_2911 (PH36)-F
xylAB 2911-R

PH36 (xylAB_BL21)-R
xylAB_BL21 (PH36)-F
xylAB_BL21-R

Psod-F

Psod (xylAB 2911)-R
xylAB_2911 (Psod)-F
Psod (xylAB_BL21)-R
xylAB_BL21 (Psod)-F
Peftu-F

Peftu (xylAB_2911)-R
xylAB 2911 (Peftu)-F
Peftu (xylAB_BL21)-R
xylAB_BL21 (Peftu)-F
PH36 (araE)-R
araE-F

araE-R

ldhA-up-F (EcoR I)
ldhA-up-R
Peftu-xylAB_BL21-F
Peftu-xylAB_BL21-R

tttgcgatcaaataatgacatggatcccatgctactccta
taggagtagcatgggatccatgtcattatttgatcgcaaa
ctcgaattccatggtttacaacatttcacgccggtaattcat
ctggtcaaaataggcttgeatggatcccatgetactecta
taggagtagcatgggatccatgcaagectattttgaccag
ctcgaattccatggtttacgccattaatggcagaagttge
ttgacagcttatcatagcggtaaccatcacggg
tgcgatcaaataatgacatgggtaaaaaatcctttcgt
acgaaaggattttttacccatgtcattatttgatcgca
ggtcaaaataggcttgcatgggtaaaaaatccttt
aaaggattttttacccatgcaagcctattttgacc
ttgacagcttatcatcgaaaagcaatttgcttttcgacg
tgcgatcaaataatgacattgtatgtcctcctggact
agtccaggaggacatacaatgtcattatttgatcgea
ggtcaaaataggcttgcattgtatgtcctcctggactte
gaagtccaggaggacatacaatgcaagcctattttgace
ccgtattgatagtaaccatggatcccatgctactect
aggagtagcatgggatccatggttactatcaatacgg
ggtaccgagctcgaattccatggttcagacgccgatatttct
ccggaattcggaacaccatgcegattaaggt
cgaaaagcaaattgcttttcgtttcgatcccacttect
aggaagtgggatcgaaacgaaaagcaatttgettttcg
gtcgccaactaggegcecaaagatttacgcecattaatggce
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ldhA-down-F
ldhA-down-R (Hind III)
ack-up-F (Xba I)
ack-up-R

PH36-araE-F
PH36-araE-R
ack-down-F
ack-down-R (Sph I)

gccattaatggcgtaaatctttggcgectagttggegac
cccaagcttgtctgggacgttgatgacgetg
ctagtctagaatggctgeccaccagetgettgatca
atagaggtacccagcttttgtagctgegtectect
aggaggacgcagcetacaaaagetgggtacctctat
ccaagaggtctagggegcctcagacgecgatatttctcaac
gttgagaaatatcggegtctgaggcccectagacctettgg
acatgcatgcttgtctgggcaaccaacccee
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223 R

KRB FURIIESR 2.2 1, FTRZBINSIMIIER 2.3 |

IR JFURE A FH 2 3B o R AE TR A HEAT Ao 5 i R R i, A 2 ol Y A 3k T ks )
WRINEM T o BANMAATEI BN =A B3 THRRIE: PH36 JHz)1 2l L
A RHZ A F] (Shanghai, China) & H; Psod J3 31 M Pefiu JE 2 T4 A BREIR
VR YE 37, BLC glutamicum S9114 1) & K 2H N AR, RIE sod

(CGS9114_RS12000) H:[HF 288 ML L 7B efiu (CGS9114_RS01665) F[H
i 335 MK 7 AR5, it PCR B S 3RS . kA &= B H 2
A xyIAB FER % : xylAB 2911 #= LA P acidilactici DSM 20284 {3 I 4 AR, #R45 xyl4AB
BRI P A0t 51 4, @ik PCR 177 X 193K 15: xpldB_BL21 52 LA E.coli BL21 3£
HNBERR, R xylAB FEFIH) P70 et 514, ik PCR K77 Xy H3k45 . Rl ES
ZEfH PCR (Overlap PCR) 7715, =283+ (PH36, Psod M Pefiu) 73 nl5 A~
xyIAB (xyIAB 2911, xylAB BL21) B FEM &, ### T 6 NRIE & (PH36-xyI4B 2911,
PH36-xylAB_BL21, Psod-xylAB 2911 , Psod-xylAB_BL21, Peftu-xylAB 2911, Peftu-
xylAB BL21). $5, i Tuss b =, #iX 6 NRIA &M E F] pTRCmob Jii ki .,
[ P 5 s B BoRE_E ) TRC R 3T, ARSI 1 6 DNRIAFURL (pPH36-xyIAB_2911,
pPH36-xyIAB_BL21, pPsod-xylAB 2911, pPsod-xylAB_BL21, pPeftu-xylAB 2911, pPeftu-
xyIAB_BL21),

i [ R JoORE AR FH A2 0 TR AR ) B R DRI b B B DR BEAT AR s B el A8 ) MU
B[R, AP IR A BRI AR TTEIN R o X T pK18-AldhA::xyIAB ki, HAE
HRAE C. glutamicum S9114 FIZERIAH 46N Peftu-xylAB BL21 FRIAE, (AN & Hofedt
R Egmpd FLER I ARG I EE A ldhd . B EARME T a0 LA C. glutamicum S9114 1]
BRI R, R4E 1dhA B B 1000 A EEKCEE 1) 7 F10 A0 T 1000 2K B2 )
FrA e 519, @it PCR 5 0P 8645 21 _1 3 Fr B (ldhA-up) F17R 3if Fr Bt (ldhA-down);
LA pPeftu-xylAB_BL21 FIEFIRCNEMR, i PCR B77 Y 15 2 Peftu-xylAB_BL21
FrB B EEE PCR W, 28 ldhA-up, Peftu-xylAB BL21 1 ldhA-down
RN K 3% = AN B & 7E— i, 13 2IfkE B AldhA::xylAB; H EcoRI1 A HindIII P Y]
A} A Bt AldhA::xyIAB F pK18mobsacB JFikigEAT ACFE, P it 7 FE Bl v 2 e 12
fE—id, MR pK18-AldhA::xyIAB #¢& )ik . XFT pK18-Aack::araE ki, HAEHZLE
C. glutamicum S9114 IFE KA _Fidi N PH36-araE FRIA T, RN & b LR A 9wt 2R
AR I ack. BRI EMMETT XU F: LA C. glutamicum S9114 13RI AR,
TRYE ack FPR F3iF 1000 A ZEK FE 7210 T 1000 B B B PP 315 ih 51470, @
I PCR 77 Xy #4453 2 e Bt Cack-up) AR iERA Bt Cack-down); FUL pPH36-araE
RIE TR, 8 PCR #9545 2 PH36-araE Jv Bt FHEE E B EMH PCR )
Ji 3, % ack-up, PH36-araE F ack-down [T RX =4 B & 7E— ke, S3IRE
F B Aack::araE; F Xbal #1 Sphl W) f& B Aack::araE 1 pK18mobsacB Jii fii
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BEAT AT, P ERREER Y E IE Ak, MR pKI8-Aack::araE BE kL. DL E
FITAT RS2 R OB AS2 AE K AT 18 DHSa ARSI, R il IE# e 4 set T ~— 2
IR

224 EHAREMME

A A i S A R AR SR 2.1

BRRERAT T AR R EE A=, AR BSZERIE, BEILAITTIE
IGAE . N IHREET XX = AN HEGE 4

(1) BRI 7 RS2 A HIE

O M-80 °CUKAH HH HUH TR B R FRIRAT 81 IR P, R IR AU D V5 R RAE LB
PR ERIZR, RIZEJE AR E T 30 °CEEFRM RS 7 2 Ko

QO MAKIF B PR BRI AR PR B SR RV, BeMh T3¢ 5 mL LB 8597 B ik
B, B BT 30 cCRER Tt s g 5%

@FFE R TR B AL IR 1% R INE A S A 30 mL LBG /K2 &AM
250 mL #JfHH, BT 30 CCREIR 1 1EF% 6 /NI

@B FRUF I E AR SN 50 mL B0, B T UK 1A 20 204t

OFfF ARG, HEEEENEOETE 4 °C, 5000 rpm 464 N &0 10 208,
FE FIERL EEOE I 30 mL FA T 10% H i, WRFT B AR 18 S b By T H- ik
i,

@©BEGFEHDWIR. e —KFE LIEREMA 1 mL B4R 10%H#, FHFRok
ST, RIRAIIF IR AR IZ R 100 uL FIRF 3 254E 1.5 mL B0 d, BTk
% H

(2) HEA

DX 20 pL FEFEALRI BRI bl & 1F ) 100 pL A2 BREIRAT 3 K2 A 21
Marh, BRIRS, FFETUKKT 30 408

QG IRA RIS S BIMA FIR A 5 AR, T AR RE Lok, B
TR, TEHE N 2000V, HFEA 200 Q 124 T i

@M HE I I B SRS, BT 1.5mL Z.08F, I 800 uL SOC
Brapdk, HENES). BB SHEZESHEOEET 46 CC/KIBMP I 6 o4, #IE
B, G B0 B T UOK R 2 kb

@ 5 BB B DT 30 CCRIRFIEE 2 /M, WE G, BEO
EAE 5000 rpm FISRAE T B0 2 408h, ZBRGE > BB KRR R RS SR A AE LK
AR b, AR E T 30 °CREFRA IR 2 Ko

(3) Gk LIE

ORI W PRITIEIE: FHZRE TR E s 5 e RSeS|, @it 7% PCR 1)
J7ESAIE A TR 2% 1 AR B AN B2 & B AR RIS FURL I B 20 25 S R PR IR B

%L F o B A I A28 30 UE
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A, —IREALRE: FFOR ERE 5 B SRR LRI R A 5 P E 8 — X5
IES1Y, @I EYE PCR B EIRIE A IEM A B AR R R 5E i 7 — IR A E
ZH IR R PR

B. BFR0IL: FFIRUE I — IR E AR T &F 5 mL LB #5380k, o
WEEFR o PR RE 507 B R AR B B 6 & IR B S5 IR AT 7E LBS AR b, B FARCE T 30 °CHE
TR RIFR 2 Ko

C. “IREMAF: LLHERAEREA ERSIE RN —WIRIES 2, K LBS Tk
ARG EMRAE MR, BT ETE PCR BT ERIRAIE H G IR A4 B AR BRI R 3
B ST R T R I B AR B
225 ARRLAF4ERFEkR

INEFEFFIZ 2018 AEAKZE, M [ETAT e 44 R B SR 1 IR I RS FF & I M i s
Pl RN 10 ZKRITFMN TR, 0550 5 IR Al Kb 25le 1, AEuRI4:
JEEEIRIET, £ 105 CCHEAR T It 208 H 5 IR AE B I R R TR 25 F . HR4E NREL 1)
WIRARIEIIS /N FEFT A 34.6% B4 20 25. 1% 1 41 4 & 21021,

22.6 AW

AN REFT R S0 = 2 BRI R I T BRVE AT TAR 38 S), BRI FR W R /NS FTIE
(P 5% (wiw) FIFRFRBRIETIZIE 2:1 (wiw) IERREL, [FBRDIMAE] 20 L (1)
RNZEF, NN AR . A IBRERA IS N AR 100 g NEFEFT (2
Wi 2.5 g iR . INEREFT SEERLE 175 °C, 50 rpm HIZA: TS 5 704, AL FR 5 i)
ANFEFEFT B B R LR 50% (wiw) o AEAS —H2 IS 75 BN Ak BRI K =
a8

TRALFE J5 /N REFTH 20% (wiw) 1) Ca(OH) VTGS pH £ 5.5, SR )5 #4 8 Sz
BRI, R IERE A resinae ZN1 F 5TRAN B FE b7 42 1 & P 4
121 BARE RN T . BUER I A. resinae ZN1 Fh 7308 10% (wiw) MR, b
BITRAL B G /N RS FT AP AR R AR A JE N 15 L AEY R B 28 1, £ 28 °C,
BAENA 1.0 vwwm B TR 48 /NI B0 58 Z AR d 0 B AL I DL BRI K
(21 240 55

53 J5 B /N AT 7R BEAE S L AR RS 38 T gt AT /K A S L, e 4R 4k R v
BN 4 ZREATT TR, RNZ&HHN 50°C, pH4.8, 150 rpm, {EILAAHET RN 48
/NIRRT OB . AL AT B0 23 B AR BRI R I AR 2H 4y, P38 K B A
PRI JE R T LA BN REF K AR o 15 3 B2 F K B B AR ZH 73 a0 R s 116.1 /L i
EPE, 39.6 g/L K¥E, 1.3 g/L LFR, 0.04 g/L FEEERT 0.01 g/L 5-¥% F L REES .
227 BAMKE

R IE: M\-80 °CUKFR T ELH & A HAR RIS, 7£ LB PR BT RIZk, 2
JE BT 30 CRiFRM G F7 36 /NN o MG FRIF I AR BRI V& P T 54 10 mL i
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R R B9 10 100 mL FEH, 7E 30°C, 200 rpm FIFEIR IR 10 /N, SRJEH 1.5 mL
(TS 77 B VR NS 30 mL Fh 7537 5511 250 mL #&JfH, 7E 30°C, 200 rpm [F#ER
WS IR 8 /NN o HEERE 3 mL AR NS A 30 mL KBRS FREE 250 mL RER, fE
30°C, 200 rpm REIR AT KB FERKEEIAE], B 6 /NI IN— 2 B 1 20% PR 2= KA
i pH £ 7.0,

RN B R fE 3 L RKEERE (Biotech-3BG-4, Baoxing Co., China) _E#H{T b &
Bz, PR 07 G ERRR 3537 77 X — B AT R BT, R8N T 10 g/L
PRI, 1 o/L WEiR — A0 0.6 g/L -L/KGBIREEN 800 mL ZE A /KN E] 3 L K
FrgErh, (RIS S IE B TR, IR, EHIEE Y 600 rpm. I IIA 25% )
KK BRI pH A ZE 7.0, FEH4 R BERE IR BE A HI7E 32 °Co SRJ544 80 mL £537 47 1)
PRI 2 K G, il & REE 1K) B Bha% ) R G0K pH 452 HI4E 7.0, 7E R
Wi AR 10%, ERRARETM, HinAEHE 40%.

228 &ML

M-80 CCUKFEHEUH & BARBEMRIRAEE , £ LB T BT RIZ, SR E T 30°C
B FRAR TR R 36 /NI o MG FRIF ISP AR BRI R VR RN T & 10 mL fis R 5 7 Ak
%) 100 mL ##Mi . 7E 30 °C, 200 rpm [UFERFFE:FE 10 /N, SRJEK 1.5 mL fFE; 9%
BN 30 mL B FREFRFER 250 mL #23H, 7€ 30 °C, 200 rpm FIFERH 15 9% 8
NI o BEERE 3 mL BN SA 30 mL ARHEREFRER ) 250 mL R, 7E 30°C, 200
rpm HIHE IR AT 3G 9% AL R TR0, B 6 /NI IN— E B 20% 5% 2K pH £ 7.0,
TESERL 48 /TSI fa, MEEFRIGF R R EER AL 3 mL B2 N2 30 mL i 1) A RE
BrgrdEr, EE LRI, Wbk,
22.9 ¥k

ARSI SR HPX-87H BYi% ) #r#: (Bio-rad, Hercules, CA, USA) [#J HPLC

(LC-20AD, refractive index detector RID-10A, Shimadzu, Kyoto, Japan) K473 #7 il & £5 7%

R D EBE. D-AKE. 28R, MM HMF B8 &, WE N HRAREE 65 °C, ]
IR BIAE A 5 mM HaSOs, JL# AN 0.6 mL/min. A SBA-90 £ 1k 43 #71X (Shandong Academy
of Sciences, Shandong, China )l & 5% 77 3& HH () B & ER IR i o FH 58 4193 66 11 (BIOMATE
3S; Thermo, Waltham, MA, USA) & 40 ) A4 K& .

2210 BRERBRERITE
2T HE ) 26 B R ACHRE AN AE B S R IR B ] LT R AR RS R, AT
[GLA]xV-[GLA], ¥V,

0
Gl prr G 00

BRI -

NI [GLAVF[GLAYo 73 AR K B b A IR B 2k FE W) IR 2, [X+G AT
[X+Glo 53 AR & B+ ACHE RN 88 25 W O IR FE FIWTARIR B, v R Vo 43 AR R
(R ARFR NI EAR TR .
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2.3.1 BRRBIRFTE S9114 ARBEACUIRE 115 &

AR EFYE 2 TR AE KR LU B 9 AR TR S M £F 4 3, 38 5 B HEZ) 40%
R gE R, MARZARCEA AR RELZERNE. N T 2R NMAARRA4ER,
W AKEM AR o« C. glutamicum S9114 7] IMER R A4 R A R T AL FRH R FE
AR, AH IR XS HAHE A RE A1 #EAT I, AW ST T AR E R C
glutamicum S9114 [IARKFERIFGE J7. 28— H SR AE R 5 A ARPEENME— IR AR
PR M) 15 TR R AT, AEIXRNE IR LR B Z M T, HERRHARE R AT, R
ARBERS T BRI . I IRFAT T, C glutamicum SO114 FIARBEFIAL . 4%
IR ME AR E KGRI 2.1 (a, b) Pron. WERFTLE H, 72 DORTE 9 E— B
HIAED R IR IR rh, AW LA SOEFE, P A SR =R AR, EAR
BAAK, ZURPTERXME FRIRGIK KT, C glutamicum S9114 A GER FHAHE AT £
KA A

N1 R TR AR A A 32 S DT B ) AR A R AT et A gt X osert 188 A
SEIG, FESAARBEME GRS S EM R SRR HT, EXMEREENRE S, &
MR RES R HARE, 2R 2.1 ¢, d, o Fim. MNERITLEH, C glutamicum
S9114 W LASE AR HEE FREE T IR a6k, (2R E A AL, RN FRE Y
ReERE, BPEARRART LLER AR, E&TED WA BEAR, X it
AT LA B @ P 0L IR B R B AR R 3K U B T A AR AN SRR R 25 T e vn Ak 2t
TR . Bl X A SEIGH E 1 C. glutamicum S9114 ToiERIFHARE, I+ HAE K FE 4
A B PFLER B KB
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(a) In biotin limited medium containing xylose (b) In biotin limited medium containing xylose
0 C. glutamicum S9114 -B-Xylose -A—Glutamic acid C. glutamicum S9114 -6-0D600

7 ] 10 1
60 —EF—F—8—F—8—a—55 1 9
= 8 1
S50 3
5 .
© 40 g 6 3
° ¥ 5 3
c a E
< 30 E
5 © 4
820 3 3
> ]
*10 7 i ]

P A S o —o—o—eo—eo—eo—-o—o—o—o
0 8 16 24 32 40 48 56 64 72 0 8 16 24 32 40 48 56 64 72
Time (h) Time (h)
(c) In biotin rich medium containing glucose and xylose (d) In biotin rich medium containing glucose and xylose
C. glutamicum S9114 -BXylose -6-Glucose C. glutamicum S9114 —o—Lactic acid
12 —A—Glutamic acid

-
325 10
py —
820 S 8
2 g
215 3 ©
P S
§ 10 é 4
3 5 2

o
o

o 4 " N \Z
0O 8 16 24 32 40 48 56 64 72 0O 8 16 24 32 40 48 56 64 72
Time (h) Time (h)

(e) In biotin rich medium containing glucose and xylose

C. glutamicum S9114 —-©-0D600
30

0 8 16 24 32 40 48 56 64 72
Time (h)

2.1 HERBEH C glutamicum S9114 [RIARSEACHEE )1 PRAE

Fig. 2.1 Evaluation xylose utilization of C. glutamicum S9114 in different biotin environment: (a,b) in
biontin limited medium containing xylose as the sole carbon source; (c,d,e) in biotin rich medium

containing glucose and xylose
VE: BRIV ZRG FRIAE & ALV R BRI I BC T WA R 55 A B, RIBEAE 250 mL B3 ik
17, 53548 30 °C, 200 rpm.

232 WEBRPEIRITE SO114 [KAREACE R A2 Fy 2

KHTFATRIE C. glutamicum S9114 HREARE A BEIRAT . 0 R IEANE 574 B
Qoyld) B ARBEREAAREREE, B AREIEREE (olB) HEAGTE R S-BERRAEINE, 5-6%
TR A T bk 0 T ol I W AR A A il 3~ IR T Vit I 5 25 i W TR A e A0 e 440 PR I AR
KBESFAIEEIE R, xylAB BRI AR IA ROR R AR FH I B R 2%, TR
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WE TN xylAB H: Pl SRR AN 258 52 BRI FH () )3 801 EAT 1 i3k o e 38 (1) PR A xylAB 2 A
— MR BL21 KB HEER, fr 489 xpldB BL21; 51— =2 kA TAR A
BRTE DSM 20284 H 1A, v 4N xyIAB 2911. B =B sh Fa R A B 57,
— RN LA BE B ik I E S AR PSR B 3Rk e 7GRN PH36 3 3)
T AW RB BRI B & NS 3T Psod M Peftus 1E C. glutamicum
S9114 H, 43 HIX =Hf 5 31 K A AS [ R UE ) xplAB B, A2 X & AR E
— IR R R P T R, S5 RNR 2.4 Fon. WASIRIZE R X b g SmT DLE AR
T LR BRI RIR I xylAB_2911, Kt wRIE K] xylAB_BL21 SIS &4 IR A
FIAKERI T, XA RE 2 R N FLER F ER1E DSM 20284 ({4 Kfid pH 7E 5.5 £ 4, 1wz
P, Bl xylAB_ 2911 Jwh i) 8 AT AE A2 20 R HRAT B8 B AL () Fh P pH 3RS b X g V5 4R
G, TR B h BTSRRI pH R ANZEEI . MASEJS 37 B0 EL 45 SR PT DA
Peftu JAE T IR ILM BN T Psod F1 PH36 JFHE) THIRIEHE. & Lk, £ C
glutamicum S9114 1, H Pefiu 3 8)¥FKiEK B R i AR R H K xyldB_BL21 7]
PASE B A v R AR B R R 2505

K24 AEANAERSREBTIHE

Table 2.4 Screening promoters and xylose assimilation gene in C. glutamicum S9114

Promoters Gene clusters Cell growth (ODs0o) Xylose consumed (g/L)
xylAB BL21 7.6+0.3 2.6+0.1
PH36
xylAB 2911 6.2+0.1 03+0.0
xylAB_BL21 17.2+£0.9 155+0.5
Psod
xylAB 2911 84+0.3 3.1+0.1
xylAB BL21 31.3+£0.6 32.6+0.7
Peftu
xylAB 2911 11.6+04 6.1+0.2

T KRR E S MR TIRAE, BRI ENIN 40 o/L ARRE(E9ME—BRIE, RIS 25 ng/mL
RN KIEAE 250 mL (R EAT, BiFR26AF8 30 °C, 200 rpm, RIS [A] Y 48 /N

N TR ARSRAR R E MARNERIHBE ), ABEFCH Peftu_xylAB BL21 Rk GG 3|
T C. glutamicum S9114 [FJFERZH b, RIS 24 R EE R4 b i) L8 i S T 2 i 2 [A]
ldhA, FAFWEHEMA C. glutamicum-AldhA::xylAB, 44 C. glutamicum GJO1. 4
HUE RS R E R C. glutamicum S9114 ¥5FR1EE & AW R IR G TR P AT R
M, S8R 2.2 s WEERFTLLE H, ERFIHITH, SR ERA R AR,
LA BV E AR, T SUE E MR C. glutamicum GJO1 W] LA F A AT HEAIUACHE, (H2A7 7L
—EMBRACEHPRIBIL R, B EEN TG, AR R RIBRAIH . £ AR
Jil, HTRAERE SEMREEFRE AT KB, ROt A o PR 2o i 045 2R
RIS R T, (HR KRR AR E IR, T S0E E R C. glutamicum GIO1
iR T LR AR gAY B K] [dhA, DRIAE R EES R LA FLIRR I =2k . fE4H M
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ARTTIH AT UG, RERA e s @i, WAREIT I T, 1 S0E F AR E R H]
SR I AT AR SRR HIARHE, (S m iR Bt — D5t a.

(a) Glucose and xylose consumption (b) Glutamic acid and lactic acid production
C. glutamicum S9114 -B-Xylose -6-Glucose C. glutamicum S9114 —¢—Lactic acid  -A—Glutamic acid
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Fig. 2.2 Glutamic acid fermentation of C. glutamicum GJO1 in biotin rich environment: (a) glucose and
xylose consumption; (b) glutamic acid and lactic acid production; (c) cell growth
H: C. glutamicum GIO1 B 21E C. glutamicum S9114 HI3ER 20 FHES Peftu-xylAB BL21 Kikf, [F
i B b FE R 2 L1 ldhA FER AR I E A E R C. glutamicum S9114-AldhA:xyIAB. & & EWIR K7
FEIBC T AR R TV E N R BT, REEAE 250 mL FRf T, Bi R4 30 °C, 200 rpm.

N i P LSO B R B R R F R ) RN B AL P I O, ASHIE FUNs R TR AR
C. glutamicum S9114 5 5UEE M C. glutamicum GJO1 16 A S HARNEN E SV R B 75+
FIBRSI AR R R T KB, R WE 23 . 5 SAEMEREFRES, HAHE
PRASBER HAKE R CIE AR R AR, 1 U&E W ARAE 72 /N A AT BRI 47.0 /L (R
Wi, AR SRR IRG] 7 BRI W, BRI SoE Eik L5 A B AR A .
FERRM AR TR AT, R BER FEIREA BE T FEAHE AL R 2R, (H 2 iud AR AT A
THFE 38.4 g/L WIARKE, 47" 23.5 g/L IR AR WWBUE R C. glutamicum GI01 H4&
DAACHRE Ay M — B A 7 45 2 R R e
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Fig. 2.3  Glutamic acid fermentation of C. glutamicum GJO1 in culture medium containing xylose as the
sole carbon source: (a) in biotin rich medium; (b) in biotin limited medium
VE: C glutamicum GJO1 BI/E7E C. glutamicum S9114 [3ER 2 _#E4 Peftu-xylAB BL21 RiL&E, [
i 35 e S DR 4 11 ldhA SERSRAZ M E AL EVE C. glutamicum S9114-AldhA::xyIAB. PR AP0 E 5537
FNE & AR B IR OBC 7 i RN TR WA BT, IIEAE 250 mL R P AT, B 7R 46119 30 °C,
200 rpmo

2.33 A TRESGE S R ERIRAT e 328 = R 7 i A 7

EAEaE T AT DM ARBERER C. glutamicum GIO1, {HZARFLF4ER
T ERREREY R, XY R 2 PR MR IR IZE T, M0 4 SR B 70 -
PR AT 58 38 5 A TR A SRR A IR TR AE s A D R A B vh G iR 0 i A P R R R [ . A
NVSAE C. glutamicum GIO1 F2E K 4H I, TR T AR IR A WA I TE R A Ym LR MscCG #
Fum i 330 AMESE, BRISUEEK C. glutamicum-AldhA::xyIAB-AC110, 4N C.
glutamicum GJ02. ¥ C. glutamicum GJ02 F5FR7E & H M G NEEE RVEN & SAEM R R T
Berp, I ERA S, WK 2.4 s, WNESRWTUEH, EHEmERERETD, K
G DR 2.9 gL AR EIR, MEARERIRED, AT 7.5 gL KRR, XLk
25 RAR I B B IR 7 WAEIE H H MscCG R AT 110 MR RER, 7T LMERL
IR EE S S AWM RIS h A R 1R, LSRRI 2EC, e
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Fig. 2.4 Glutamic acid fermentation of C. glutamicum GJO1 in rich biotin environment: (a, b) in biotin
rich medium containing glucose; (c, d) in biotin limited medium containing xylose

E: C. glutamicum GJ02 BJ2TE C. glutamicum GJO1 [P R 40 AU ZRR 7 b B 1 1 g i 222 1A
MscCG i [t 330 MigdE, IR EHEK C. glutamicum S9114-AldhA::xylAB-AC110. & SHEMER
B FRIE R T aoA BRIV E N BTN, REEAE 250 mL #8HiE4T, 1594044 30 °C, 200 rpm.

BRI A B BT o-F 1R, (B ER BRI EY, o A
Pk EEP R, —RARARBEREKERN T ARG ER, —EfE o-fdfk — K
i U R AR N A R IR RS A, 25 TCA PR3 . B, N 1Al o IR £
WA RARP G, AT o-f 8 B S R RIS . BARE) IR AE
C. glutamicum GJ02 [JEERIZH 4 oW 6 TR i 2 3% E1 W2 S EE R odhA [1))R
4 RBS 74 & o e 455 o8 0.1 (9 RBSO.1 FE 51, SRASMEARKA C
glutamicum S9114-AldhA::xylAB-AC110-RBS0.1, %A C. glutamicum GJ03. H4 508 B
Pk C. glutamicum GJO3 B T & & MR K — AP IR AT #FITH IR, UL C
glutamicum GJO2 VENXTHE, 250 2.5 fion. MWREESS R CUEH, 3946 T o-FiIK
TRMERERIS G, FEAARRIARE T FEE R IR S, ESER 0.9 g/L/h B Z 0.5
g/lL/h, (ERBEIRIIRHRA T RIESR . WRSEN 16.7%5E % 59.1%. XEEUIRE
W, 54K o R I S 0 AR S B TR AR R AR T, B2 iR
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Fig. 2.5 Glutamic acid fermentation comparison of the C. glutamicum GJ02 and the C. glutamicum GJ03

in rich biotin environment: (a) xylose consumption; (b) glutamic acid production
VE: C glutamicum GJO3 BIZTE C. glutamicum GJ02 FIZERIH _FE T o-lH K R IERE E1 WK
Pt IE R odhA WRUE RBS 74125 0.1 s af v BL 1) RBSO.1 /741, SRIF I E AR C. glutamicum
S9114-AldhA::xyIAB-AC110-RBS0.1. & & AEM R G IR B ML 7 WA BRI AN B B, KIEELE 250
mL FEHHEEAT, IR 30 °C, 200 rpm.

N Tt PR ME R C. glutamicum GJO3 TENEFEA D Z IR A =7 H IPERE, A&
WHER C. glutamicum GI03 B T8 & AV &= FHRMER TR 3L b TR 7%, AR USR] A
KIERIE R C. glutamicum S9114-AC110-RBS0.1 1E X HEE#R, 45 B 2.6 fim. M
KSR UEE, dUEEK C glutamicum GI03 S5XFHEK C. glutamicum S9114-
AC110-RBSO.1 ()75 % B H FEE B A IR R 2200, (Hax R A e R AR, R4
T 7.6 gL FIBRRARR, TH0EEKT LUBSMRIH 19.4 /L IARKE, 22757 18.3 g/L E’\Jfé\réu
o XANSEIR ], BOEEM C glutamicum GIO3 18 =42 10 2 R 5 o 18 2 08 R B ik %2
FIRE R A0 2 20 O 5 A=) 22 PR A5 o 1R R B /K S AH 2, W — A7 7 14 1] A2 A A 1 )



LRI KPS %37 W

—©- C. glutamicum S9114-AC110-RBS0.1
—©—- C. glutamicum GJO3

40 - (@) Glucose consumption

(b) Xylose consumption

40

Glucose (g/L)
Xylose (g/L)

.............. S S— o +or———m—/"m"—"—"m"""r—"—""rr———
0 8 16 24 32 40 48 0 8 16 24
Time (h) Time (h)

20 - (c) Glutamic acid production

Glutamic acid (g/L)

2.6 C. glutamicum GJO3 M C. glutamicum S9114-AC110-RBS0.1 £ B S4EMERE P RIBE R
REEXTEE
Fig. 2.6  Glutamic acid fermentation comparison of the C. glutamicum GJO03 and C. glutamicum S9114-
AC110-RBSO0.1 in rich biotin environment: (a) glucose consumption; (b) xylose consumption; (c) glutamic
acid production

VE: C glutamicum GJO3 BIZ7E C. glutamicum GJ02 FIFERIZH _F & ¥ 1 o 5 R Ao U8 1 9m D 32 (7]
odhA WIJR G RBS JFFIN#SRRIGHZ 0.1 1 RBS0.1 74, FAEMEMAEK C. glutamicum S9114-
AldhA::xylAB-AC110-RBSO0.1. & & AV 3B F2 5 L7 Wk R 5 ik N B PR, RKIEAE 250 mL R
AT, BEFRAAEN 30 °C, 200 rpms

2.3.4 SRR E LA G IR IRAT B A AHE A Jd

i N BEA AR 5 I W A T 9 R B RN T AR o AT 4 3R AR AR TR AE A A ST A7)
RIS 521, H0 A0 5 vt Tl AOx 1 | Al e W IR B R T BE 7o AL BEASHIE 7E I et K
FH & S B 0 7 42 | C. glutamicum GJO3 [IAKEFRIFHGE ). BRI RZR C
glutamicum GJO3 FiIRAE R & A ARERE IR AL, H157 48 /NI FHEE 4 2T 6E (1 5 7R 2k
t, DR A TRRERIE A, O R AR RERI R, A R UM A
AR SR 2.7 Fos. WNEERTTULE Y, BB AR BUm g, s oA pE ok /b,
VEHIAHE R FE I A, (ERA AR R B 2D, A RK R E R, 3
W Z AR B OV EIR, RGO T & MR K. XAEERRYE M
HIJREIAGE & TR C. glutamicum GJO3 FIARER FHIEA,  POSEE RAEEAL IS R
T, RAAEAEE AR HARE S 77, et @R R WS 77, AR IR 1



AT KPR o 38 i
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WRIRE I AE B 5, R SIS AR 7 VSRR B C. glutamicum GIO3 [RIAKE
FIFH g

(a) Residual xylose and glutamic acid production (b) Cell growth
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Fig. 2.7 Adaptive evolution of the C. glutamicum GJO3 in the medium containing 40 g/L of xylose as the
sole carbon source: (a) residual xylose and glutamic acid production; (b) cell growth

VR B SRR FRE T (RN T 1 N B BT IR 250 mL 2R H i3k 4T B 75 46448 30 °C,
200 rpm, & 12 /N 25%B0 %K BT B R IE R pH & 7. & N AL EE— SR RS IR 8] 48 /NI,
et 8N 10%.

AR ) 35 T8 28 A2 o A B M) P ok s B i), DAL AR BT 2 4E C. glutamicum GIO03
WA RIS T B RRCR B ORIAT B BL21 FIRBEZ 28, 4302 xylE (B21_RS20535)
T AN I8 R AR araE (B21_RS14040) $miSHIFIRAAEFSIZEH, SRR, £
18 araE FER W] LU Z RS C. glutamicum GI03 FIARKER|HIEZ, MRIE xylE FEF N
MEARBER FHEA . t— 20 araE FRNHEE 2] T C. glutamicum GJ03 ()AL, [F]
I el | IR BRI B SRR S B R ack, HBIMBEMEN C. glutamicum-
AldhA::xylAB-AC110-RBS-Aack::araE, %A C. glutamicum GJ04. ¢ Ja, KK E C.
glutamicum S9114 LA K5 TR AL 2 () — R A1 s W AR AE & & A 3= KR BEA B TR kAT 1
— YRR L, A B ARKERIA, AT RER A R A 5= =N AT 175 %2, 45
i 2.8 fion. WERATLIEH, &d— R5 R0 TELUE, E5 20N R A K E
WESHIE DL, WARMN— TR TCIEER FHARRE, $271 20T DULE 48 /NI K 38.8 /L IR
WESE R, FINEEN—TFRE R & AR IS Rk A B AR, 23]
E AR R T AL S LB S AR A P I 2R, e B TR i R 14
PEANE 2.9 BT
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Fig. 2.8 Glutamic acid fermentation comparison of the recombinant C. glutamicum in biotin rich

environment: (a) xylose consumption, (b) glucose consumption, and (c¢) glutamic acid production
T BRI BT A RIATE N B ITUR, BT E 60 o/L AN 40 g/L AHE,
RIEAE 3 L REEFET AT, RiFR%MN 32°C, 1.4 vwm, 600 rpm, JEITIESIZE E 3NN 25% %K
YEFF R pH AE 7.2
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Fig. 2.9 Metabolic engineering strategies for C. glutamicum on xylose and glucose assimilation to

glutamic acid
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T H R ik EAR AT DLE & S A R IS R R A & i AL e 1R, HR FRANRER
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B 2.10 C. glutamicum GJ04 R C. glutamicum-AC110-RBS0.1 7£ E SR EF FID R R K BE

Xt
Fig. 2.10 Glutamic acid fermentation comparison of C. glutamicum GJ04 and C. glutamicum-AC110-
RBSO0.1 in biotin rich environment: (a) glucose utilization; (b) xylose utilization; (c) glutamic acid
generation
B RREFRENE T AR RN AR, BRSO 60 g/L A EHER 40 g/L K
W, RIRTE 3 L RIFFER AT, RN 32°C, 1.4 vwwm, 600 rpm, #ILIEZIEE HBIFMIN 25%01
RUKYERF R pH 7E 7.2,

3.3.6 EHHB R0 R H ZH KR A B 2R

AHFE R H B2 R FHA BT 214 2= P 10 & B AR E AR A = B =R, BIRE
o7 RAN AR TAESUE, $RA5 7 — Bk AT DA 3 & BE AR 72 = A 2= A B
WA R B IRE) TRE AR, (H RIS RAE B SR BT A4 3R R rh g AT R B DRt
AN B b2 WA SOE E AR C. glutamicum GJO04 75 FUSEA T 41 4 2 /K i 7 i & 1
PERE.
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Fig. 2.11 Glutamic acid fermentation of C. glutamicum GJ04 from wheat straw hydrolysate: (a) glucose

utilization; (b) xylose utilization; (c) glutamic acid generation
T R KRR B Ao BT R N T, K& 4T 116.1 g/L HETHER] 39.6 o/L AHE,
REE(E 3 L RIEREF AT, BigeF R 32°C, 1.4 vwm, 600 rpm, JBITIFESNEE H 3NN 25% KR K
UERF KA pH AE 7.2
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ARIFREF YRR T AN R, KIE) 2%, & H AT TSR] i AR, SKiREZ
AT HIBIE TR C )20 SEBL T AR 21 4 3R T R} SRR 1 & 1, B AR 7R 214
RIPHEAERE, AT CORRE, G T R RORIR 2R

ARHE GG T AR YE 2R S 30%, H A AR 5T £F 4 31 v R ARE A 7 H R A7 AE
PHRPAAG o — & ARRELEA 5T 21 4E 3R AE VDR il R A DAARAF . AR 32 EEAE AL BRI B e
SRAAER B R, TR AR TIUAL B T 20/ B IR R KA E VE R, SBU LA
TERET PR, ST AV R A 4E R AL 2, A7 B T BRK b B AR Rk
JERARTTAE AR, 38 BACHE R B R 10210, FiiAL BEGE AR rhide 257 AE K B 0 40
Y, 91 BEARAIHIIN T R B AR R, 75 0 PRAC B R EAT B 2 AL B, (H2
I #5073, oK e A I & B Ak B S 2k — B B AR R rh B AR 5 512182190 gl
— R T A P A 2 AT A e 28 A 7 R R ) R AR, U R X A s BRI AT T A
W TRESOE S AL T ARER 2l AR = R 4R, R ACHE B 20 RR 1) A 7= 5 R e
—NEONFERR A Sy 07, R I I A T SO ) 7 VAR R T R ) SR
CAAEHE IR, G400 EH AT RSBt SRR HEN . S Im%HEE NADPH FOfER . 19 hns
R T A AR SR B R AL L D B P AR S R I, (BRI R BT TR TR L
TS SR X T AW B R 2 R 5
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BT AHEXE LAORAF (10 1 L, 2 FH SI256: 5 T R (18 3 B AL B AR m] AT 25 il 2>
FALE R BUd BRI ST, UK R E S I E K &R+ 8 =tz —,
FRALER 5 PR L R A RIORL AR JE AOA7 A, FIACER B B b~ 21 2 3R B 25 At 52
M ORAFAE AR A o (E R IR FAR B 7 A PR 4 42 th B A [ R rh, - IRy SR S8 == F R (1Y
[ S AR, Bn] AEAASIN K 5 D0 N 41X P R et i i A0 4 73, 1R
IS R B 6 20 WEAACHE F T 5 2 R B R o xR AR Y AR A0 3 46 W v 52 P ML R
FRPR 0 170 R, ASHIE Tk b b A P R IR 1 A 2 R P IR A B e, I A AR e
&, HEATEF @R, REAESIBERNFER, RERNFE T PRl AR
JSRET A 2R 7K AR (10 781 2] W A ACHE i R0 P MR IR K R I T Pk o AT SO AR R AT e R A
PR IR K T AG N BE T 2kt

32 MRSk

3.2.1  WIkk, HEIREEMEIRIAG

AR/INT BT A FH B0 S0 TR AR AN B0 49 2 0 B2 R AR AN AR 3.1 BT

KW Escherichia coli DHSa FT-321& i R AR bR BURL A EE, RIBATEE E.coli
BL21 T #4E KGR IR ARYER K (xpldB BL21). K i 155 77 3L A0 55 37
A 2.2.1,

BRI C. glutamicum B253 7&— ¥k Tolk FH T4 7 i BRI Bk, Huifr
AAAE B T AEY BT R (SIIM, Shanghai, China, http://www.gsysiim.com/) . ARSI C.
glutamicum B253 T EAEJYH K WARHATAIH . 5598 B BT 13 BT F i B e 5 LA
BT, BEFRFAEN 2.2.1.

(1) FhrREgedk. 259/ #i%ikE, 1.5g/L Bifg S48, 2.5g/L JREM 0.6 g/L Bilg
B, 25 g/l BKK.

(2) REEEFEIE: 1 /L iR A4, 3g/L JRK, 0.6g/L MMRE:, 20g/L EXK¥K,
PRAB BLES T 60 g/L %6 % bl B BEAE Bl .

B AR IRAT B FR AL I BT 3G 7R 28 00, 2.2.1.

FLER R BRI Pediococcus acidilactici DSM 20284 & M & E 7 A= ¥4 sk 0> (DSMZ,
Braunschweig, Germany) WL/ . P acidilactici DSM 20284 1) 3 B4 A 2 R AL AR A Bk
B R IE IARKE R LR (xpldB_2911). FLIR v BRBE B R B AR IR 5610 I 2.2.1

W HE R #I 8% Amorphotheca resinae ZN1 525256 % 2 {70 B3 B AI S # bk, H
A PR AZAE A B @ A P s O (CGMCC), BRGS0 5N 74520 A. resinae ZN1
[ REFREEARE IR 45 F I 2.2.15

3.2.2  EEFAFT)
-2 R B ANAL 2R FRIE S g W 2.2.2.
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Table 3.1 Strains used in this chapter

Strains Characteristics Sources
Escherichia coli DH5a. Host for plasmid construction Lab stock
Escherichia coli BL21 Genes xylAB _BL21 and araE source Lab stock
Pediococcus acidilactici DSM 20284 Genes xylAB_2911 source DSMZ*
Amorphotheca resinae ZN1 (CGMCC 7542) Biodetoxification fungus [207]

C. glutamicum B253 Parental for lysine fermentation SIIM*

C. glutamicum B253-pPefiumob C. glutamicum B253 harboring the plasmid pPeffumob This work
C. glutamicum B253-pPH36-xylAB_BL21 C. glutamicum B253 harboring the plasmid pPH36-xylAB _BL21 This work
C. glutamicum B253-pPH36-xylAB_ 2911 C. glutamicum B253 harboring the plasmid pPH36-xylAB 2911 This work
C. glutamicum B253-pPsod-xylAB BL21 C. glutamicum B253 harboring the plasmid pPsod-xylAB BL21 This work
C. glutamicum B253-pPsod-xylAB 2911 C. glutamicum B253 harboring the plasmid pPsod-xylAB 2911 This work
C. glutamicum B253-pPeftu-xylAB BL21 C. glutamicum B253 harboring the plasmid pPefiu-xylAB _BL21 This work
C. glutamicum B253-pPeftu-xylAB 2911 C. glutamicum B253 harboring the plasmid pPefiu-xylAB 2911 This work
C. glutamicum B253-AldhA::xylAB (LJO1) ldhA knockout and integration of the expression cassette This work

Peftu xylAB_BL21 in C. glutamicum B253

LJO1-pPeftumob LJO1 harboring the empty plasmid Peftumob This work
LJO1-pPeftu-lysC-asd LJO1 harboring the plasmid Pefiu-lysC-asd This work
LJO1-pPeftu-dapA LJO1 harboring the plasmid Peftu-dapA This work
LJO1-pPeftu-dapB LJO1 harboring the plasmid Pefiu-dapB This work
LJO1-pPeftu-ddh LJO1 harboring the plasmid Peftu-ddh This work
LJO1-pPeftu-lysA LJO1 harboring the plasmid Pefiu-lysA4 This work
LJO1-pPeftu-pyc LJO1 harboring the plasmid Pefiu-pyc This work
LJO1-pPeftu-PntAB LJO1 harboring the plasmid Pefiu-PntAB This work
LJO1-pPeftu-araE LJO1 harboring the plasmid Pefiu-araE This work
LJO1-pPeftu-tkt-tal LJO1 harboring the plasmid Pefiu-tkt-tal This work
LJO1-Apck Pck knockout in LJO1 This work
LJO1-evolution Adaptive evolution of LJO1 in xylose medium This work
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Table 3.2 Plasmids used in this chapter

Plasmids Characteristics Sources
pTRCmob Expression vector for C. glutamicum, TRC promoter, kanamycin resistance Km® [209]
pK18mobsacB Mobilizable vector for selection of double crossover in C. glutamicum, kanamycin resistance KmR [209]
pK18-AldhA::xylAB Vector for replacement of /dhA by integrating the expression cassette Pefiu_xy/AB_BL21 into the genome This work
of C. glutamicum B253

pK18-Apck Vector for truncation of pck in the genome of LJ01 This work
pPeftumob Expression vector for C. glutamicum, Pefiu promoter, kanamycin resistance KmR This work
pPeftu-lysC-asd Vector for expression of lysC and asd by Peftu promoter This work
pPeftu-dapA Vector for expression of dapA by Peftu promoter This work
pPefiu-dapB Vector for expression of dapB by Pefiu promoter This work
pPeftu-ddh Vector for expression of ddh by Peftu promoter This work
pPefiu-lysA Vector for expression of lys4 by Peftu promoter This work
pPefiu-pyc Vector for expression of pyc by Peftu promoter This work
pPeftu-PntAB Vector for expression of PntAB by Peftu promoter This work
pPeftu-araFE Vector for expression of araFE by Pefiu promoter This work
pPeftu-tkt-tal Vector for expression of tkt and tal by Peftu promoter This work
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Table 3.3 Primers used in this chapter

Primers sequences (5’-3’)

pTRCmob-F accatggaattcgagctcggtac

pTRCmob-R atgataagctgtcaaaccagatcaattcg

Peftu-F ctggtttgacagcttatcatcgaaaagcaatttgettttcgacg
Pefiu-R ccgagctcgaattccatggttgtatgtecteectggacttegt
dapA-F tccccegggatggcttcegeaactttcac

dapA-R ctagtctagattaagcggtgtacaggaatt

dapB-F tcccecgggatgggaatcaaggttggegt

dapB-R ctagtctagattacaggcctaggtaacgct

ddh-F tccecegggatgaccaacatcegegtage

ddh-R ctagtctagattagacgtcgegtgegatea

lysA-F tccccegggatggctacagttgaaaattt

lysA-R ctagtctagattatgcctctagtgagagga

araE-F tcccecgggatggttactatcaatacgga

araE-R ctagtctagatcagacgccgatatttctca

PntAB-F tcccecgggatgegaattggecataccaag

PntAB-R ctagtctagattacagagctttcaggattg

lysC-asd-F ggtacccggggatcectctaggtggccctggtegtacaga
lysC-asd-R cttgcatgcctgcaggtcgattaaaccagcagetcagegate
tkt-tal-F ggtacccggggatcctctagatgaccaccttgacgetgt
tkt-tal-R cttgcatgcctgcaggtcgactacttcaggcgagcettccatg
pyc-F ggtacccggggatcctctaggtgtcgactaacacatcttcaacge
pyc-R cttgcatgcctgcaggtcgattaggaaacgacgacgatcaagtcg
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pck-up-F
pck-up-R
pck-down-F
pck-down-R
ldhA-up-F
ldhA-up-R
Peftu-xylAB-F
Peftu-xy/AB-R
ldhA-down-F
ldhA-down-R

tcceecggggtagettitggtcgaagagggagty
gttcttaagcegtgaacttacttctccagattttgtgtcattcgacag
caaaatctggagaagtaagttcacgcttaagaactgctaaataacaag
ctagtctagaccatcgacgatgccatcacca
tccccegggggaacaccatgegattaaggtge
caaattgcttttcgtttcgatcccacttcetgatttccctaac
aagtgggatcgaaacgaaaagcaatttgcttttcgacg
aggcgccaaagatttacgccattaatggcagaagttge
ttaatggcgtaaatctttggcgectagttgge
ctagtctagagtctgggacgttgatgacget
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3.2.3 kALY

REFTRIE TR FITER 3.2 1, BRI S FI{ER 3.3 H.

AR JIORE [ FH 08 SR A B PR P AT e s R R R, R 3 i FH R T KL 11
FMIETTIEMR o Peftu JA 3T RB 2 IR IRFT 8 WIRYER 317, LA C. glutamicum B253 1
R RN, HRE eftu (CGS9114 RS01665) FEKIHT 335 Aﬁﬁ&ﬁﬂﬁf?ﬂ&iﬂl%,
i#id PCR BT X MR BN Peftu B 8h TR v By, Pl Jo g ve b 1) 77 sUHUAR R
pTRCmob L[] TRC JG&hT, 5% pPefiumob Fikiki. A=l H AKX PntdB

(B21_RS08255, B21 RS08250) Al araE (B21 RS20170) =&AL KA HE BL21 HIFEK
ZHoNMERR, 8L PCR ¥ 1445201 LN dapA, dapB, ddh, lysA #&VL C. glutamicum B253
Hﬁﬁléﬂjﬂ‘%*ﬁl_l_ PCR ¥ 1415 30f¢); FJ Smal 1 Xbal NYJEER! PntdB, araE, dapA,
dapB, ddh, lysA J:KF pPeftumob ik iAo AT EEVIACEE, @I T4 B ENER &
KBS RIE B AR &R, 193 pPeftu-PntAB, pPefiu-araE, pPeftu-dapA, pPeftu-dapB,
pPefiu-ddh 1 pPefiu-lysA BTk A BT BIWZEE IysC-asd,  tht-tal F1 pyc 72 LA C.
glutamicum B253 [MFREKIAH NENGEE PCR ¥ 354921, A Smal A1 Xbal W YIEEXS
pPeftumob ik FURLEEAT L A AR EE, Pl I TG 4% v 1 U7 20K B R B S R IA A AR
e, 193 pPeftu-lysC-asd, pPeftu-tkt-tal F1 pPeftu-pyc 321K ik .

[ A5 SR ()4 FH A o) T A B B TR () E DR A T A i ok Bl N BT 1) AU
FER, AT BRI A TR AT o X T pKI18-AldhA::xylAB Jiiki, HAE
HRAE C. glutamicum B253 BIZEHI4H 46N Peftu-xylAB_BL21 FRIAEL, [R5 He e B [A]
M IR M SR Y ldhA . e B AR T R B C. glutamicum B253 [
R NASAR, HRIE ldha FEIR 13 1000 ASBRIEK B R BT R i 1000 AMIR3E K B ) PP
it g9, ik PCR W77 Xy 1815 2 B v B (dhAd-up) AR A B (ldhA-down)s
LA pPeftu-xylAB_BL21 FIEFIRCNEMR, 8L PCR H77 Y 15 2 Peftu-xylAB_BL21
FrB P ES M PCR B3, 418 ldhA-up, Pefiu-xylAB BL21 Al ldhA-down [
N7 K 3% = AN Fr B G AR — e, 13 BIRE B AldhA::xylAB; F EcoRI Al HindIII ;4 V)
XA BBt AldhA::xylAB F1 pK18mobsacB ki dEAT G UIALEE, P T4 Bl &
HERAE R, WE pK18-AldhA::xylAB 45 k. XT pKI18-Apck Jfiki, HAEHZTE
C. glutamicum B253 IR _F &R pek FE . & B @ 77 X0 T : BL C. glutamicum
B253 HFERI NN, HR4E pek FE B3 1000 AN K70 AT R 1000 ANk
KEERF A 514, it PCR 5 X AR 3] Hilf B (pek-up) FA R B (pek-
down); FiididE S LEH PCR 775K, %M pck-up 1 pek-down BN 43X PR A Fr B ik
B, BR/MAE B Apck; B Small F1 HindIIl A VIEEXS @& F B Apck Fl
pK18mobsacB i ki Mt AT EFUIALEE, FHIEIT T4 EHMEE 2 A — 1, WER pK18-
Apck BRI LA b B AL S22 1) SR AT 2 76 R AT i DHS o N A3, FE4 5 3 Al Ik
a4 RedE T N — B IE A .
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324 EEHFEMRME
A2 BT AL ) B AR SIAE R 3.1 .
A E AR IRAT B 25 2L 1 Pk I R AR U 2.2.4

3.2.5 RJFA4ER R
INFEFEFT ISR ADZH 43T 5E L 2.2.56

3.2.6  AEWHREERE

INEFREFF IR TRAC TR, AR R AR K R 7715 L 2.2.6.0 15 B 1K 22 FT K A 1) L Ad 20 4y
1R 100.2 g/L %M, 33.3 g/L ABE. KM T BRI E 75 4 s AR B R
BRI, EFREMEAWT: 20.0g/L BKIK, 20.0 /L Bk, 0.5gL HEEK, 0.5gL
HERERR, 1.0 g/L Bilg 240 0.6 g/L TR,

32,7 MERRKEE

PRI : M\-80 °CUKAR M B & A HAR RIS, ££ LB PR BT RIZk, A
JE BT 30 CRFRM 1% 48 /I o MBFFRIF PR BRI R 2200 T &% 10 mL Ff
TEEFEILM) 100 mL $2IE Y, 7E 30°C, 200 rpm FIFEIR 1595 12 /N, SRJEH# 3 mL 1
Pl 7 NS A 30 mL A 735555400 250 mL #5HH, 7E 30 °C, 200 rpm (3R R RS 95
8 /NIF . FEEW 3 mL A TR NE A 30 mL REERE IR 250 mL $EIEH, 7E 30 °C,
200 rpm FIFRIR R EAT K BE. fERBEHA], & 6 /NP IN— € & SM ] NaOH K115 pH
£ 17.0.

VIR ER R N T TBORA P S, % 4E 3 L K IiE (Biotech-3BG-4, Baoxing
Co.,China) FiFATHEAR R . Fh- G757 NG ERRIR T IR 727 X — 8. IR KB
BT, CEAANAIN T 20.0 g/l BRBRE:, 20.0 /L B2K3, 0.5 g/L AR, 0.5 g/L A RR,
1.0 /L PR S8 0.6 g/L L/KEREREER) 800 mL F AT /KM IIAE] 3 L KIEEHES,
[F T 8 N B VIR, TR B, EHEE Y 600 rpme. SEIE I 25% AR K
V) pH A ZE 7.0, FEHE A BEGER IR FEE HIFE 30 °Co SRJ5H4 80 mL £5 72 4 B M1 0
NZEREERES, i R BN B shiEd KGR 25%F2 KR 2M FIERERE pH 241
£ 7.0,

3.2.8  IEMPEREL

3 N AR BT F B SR A TV 2.2.8.
329 Tk

SEFRHEAREALL AP BTN AE A BRI E Tk 2.2.9. ] SBA-40 4657
H14% (Shandong Academy of Sciences, Shandong, China) 5 £5 7% 3% A R Z IR -

3.2.10 MEMRAFRIHE
T R I R 260 B AN AW DL S A R R ) B T DAL SO R 115 %, AT
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[Lys]>V-[Lys],* Vo

FI/: ’LQ/I\H} X =
RN g D0 Gl <P X+ G

x100%

ST Lys ][ Lys]o 53 AAR R K BRETR 6 20 R 1) Z9R FE FRT UG IR, [ X+GIRIX+Go
3 AR TR e TR - A A ] 28] B ) IR BEFDWIUGIR EE, VA Vo 0 B ER R TR 1) 254
FRAIHI G AR AR

33 RS54

3.3.1 BERFRIRAT R B253 HIAHEAC S B A1 44 22

C. glutamicum B253 &S50 % 2 Fif i e B {1)3& & Ao 274 R AR R I 20 BR A 7= T
T M FH TR ARAE /K A S 1 08 B R I Sy, AE R I 0 K A R AR (A
et AT e, BRI B C. glutamicum B253 7275 7] AR . 4 C. glutamicum
B253 73l 55 R A S A AR ) R I 15 3 R 25 A R e W R A 0 VA A I 5 o i vh gt
ITRBENNR, SR WK 3.1 froc. WNERTTUIEH, FEaURiisisRitd, C glutamicum
B253 TCIEMIAHE, WA BEIRA T, Wik R GER H 8 I- R i SRR 34T — 2
P TEREERFRIET, C glutamicum B253 WICIEARHIARKE, W e H %) b it
ITHERAE KA IRAE . KIAITE C. glutamicum B253 R EANER &2, A 6E
SEIS AR T 4E 3R o B 78 0 A

(a) Xylose sugar (b) Mixed sugars (glucose and xylose)
C. glutamicum B253 ——0OD600 —-o-Xylose —4—Lysine C. glutamicum B253 ——0OD600 -5-Glucose
-o-Xyl —A—Lysi
50 - >1 8 30 - ylose ysine 6
a
W o
8 40 1 o T 25 ]
: 40 08 Z E
~ 3 20 1 A A A A A 4
g 30 L 065, 2 i
—~~ ~ @ °
8 3 g5 10 5 3
o
;‘ 10 A r 0.2 : 5
1%
?/@; 8 g
=
0 Ar—Avir A A A A 0 3 O . r B . E - . Ho
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96

Time (h) Time (h)

B 3.1 HKREk C glutamicum B253 KA HBE J17PM5
Fig. 3.1 Evaluation xylose utilization of C. glutamicum B253: (a) medium containing xylose as the sole

carbon source; (b) medium containing glucose and xylose
T KR FREL R T i BT RN A TR, KIEAE 250 mL R 4T, 8597564448 30 °C, 200
rpmo

N T AE A S EE S IRAT B AT DASE S 5t R ACRE 75 B0 51 N AR AN JE R F ik
77 AT IR . ABIEA T 3 ANEFR 2 DAARBERIHERE: 3 AN EsFHE 14
2 N LEBEBT PH36, A 2 M2 R B A VRYER S 21T Psod 1 Pefiu;
2 NAKEF R R % 4 Al ok B KA BL21 1) xpldB BL21 FIok B FLIR F ER A
DSM 20284 HAKERI LR xyldB 2911. FIFIX =ANE 875 MR IE X A ARER]
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R, FENNREFRL, BN C glutamicum B253, WIkE T AN EAHEE,
WX IS T RR S FR1E DIACHE Ao —BRYR A 8 - 5 HEAT R BB, 45 2k 3.4 FiR.
MKEEERTTULE H, i Pefiu JBaTRIEKA KRG BL21 A AKEFI A % H
xyIAB BL21 "] UME C. glutamicum B253 3R15- 5 i IR ACKE R FH g

R 34 AERHERSREEZ L

Table 3.4 Screening promoters and xylose assimilation genes in C. glutamicum B253

Promoters Gene clusters Cell growth (ODsoo) Xylose consumed (g/L)
xylAB _BL21 54+0.1 32+02
PH36
xylAB 2911 52+0.0 02+0.1
xylAB_BL21 13.2+£0.3 10.2+£0.3
Psod
xylAB 2911 62+0.2 32+0.1
xylAB_BL21 16.9+04 20.3+0.5
Peftu
xylAB 2911 10.5+0.2 7.1+£0.2

T RIBEEEFRHEE I 40 o/L ARBEVEAME—R, HESIN 25 pg/mL R R . KIELE 250 mL
IR AR HEAT, R348 30 °C, 200 rpm, KB [A]A 96 /N .

N AL C. glutamicum B253 34350 5€ FIARBERI I BE T, A0 50K AN FH A AE
G T ARREPAT R IR b, RN B s R 2L R i S ) 2 i 25 R
IdhA, WTTIE /D T B PFLER = A, 345 T A H Mk C. glutamicum B253-AldhA::xylAB,
WA C. glutamicum LI01 o ¥4 C. glutamicum LIO1 53 A K5 F-1E R & H ARBEAE N ME—BRIE
(R TR ANTR S TR B p b AT R, SR NE 3.2 s MRS RATUEH, SHK
BEARAH L, S50E B AR C. glutamicum 1I01 7] DL CLACHE Sy i — B 3t 47 A8 K AT = R A2 7 5
FEVRMERG FREEY, C. glutamicum 1I01 W] DAZRA MR FH 35 577 8 b A A 7= B 2 [
78



LRI KPS W% 54 7

(a) Xylose sugar

Parental C. glutamicum LJO1 Parental C. glutamicum LJO1
—©—Xylose —&-Xylose —-0D600 —9—-0D600
—A—Lysine —A—Lysine
20 A
15 A
g -
A=) 2 3
© ® O 10
8 £ 0
z 5
5 4
0 : . : : . : : A 0 0 4 r r r T T T T )
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Time (h) Time (h)
(b) Mixed sugars (glucose and xylose)
Parental C. glutamicum LJO1 Parental C. glutamicum LJO1
-5-Glucose B Glucose —-0D600 —¢-0D600
30 —©—-Xylose -@—Xylose 10
—A—Lysine —A—Lysine
)
5% D g
? 20 —
o b 2
2 6 2
215 2
3 4 <
g 10 n4 3
o
= 72
o®o 5

T T P 1 T T T T T T T )
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Time (h) Time (h)

3.2 HARHER C glutamicum B253 FIBGERE IR C. glutamicum LJ01 FIE R KB
Fig. 3.2 Lysine fermentation comparison of C. glutamicum B253 and C. glutamicum GJO1: (a) medium
containing xylose as the sole carbon source; (b) medium containing glucose and xylose

3.3.2 AR TRE S5O 52 i AR 21 8 2 R 1) e A 2

Xt S NIAKE R & 1%, 75 B A Qe R o i v B AR, R
VITEFE, P, e EALeS FEBEALS IR BT, A REMEACHE B8 2 Mot M R IR 1 &
Bo UL, AWFTCIEE A BAE S TR SR 2 AN T R S AR PR R N & .
FAHE (1D s iR & BT (20 BEIARKER 2R (3D BGMHT AR B £ R fHE 1
(4) $EElE NADPH 4.
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X Gene deletion gndA ADPDleIB
—> Pentose phosphate pathway Glucose 6-P XyluloseQPHRlbOSG 5P
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Fig. 3.3 Metabolic engineering strategies for C. glutamicum on xylose assimilation to lysine
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Fig. 3.4 Increasing lysine production by metabolic engineering of C. glutamic LJ01. (a) lysine
production; (b) xylose consumption.

e RIEEIRIEEA 25 o/L RWER 25 o/L Hi%IHE, KEFE 250 mL M aidT, HiaRafh 30 °C,
200 rpm, 1 6 /NFTH 5 M ) NaOH 75577551 pH 2 7, KIS [A] R 96 /N
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(1) AR & 12 . C glutamicum B253 F E @ ~H R RER
( Diminoheptanoic acid pathway, DAP) BEATHIZ IR G B, ¥ K& BB B R AHE R A%
FRWG (lysC) (A L-RAARAE I L- RA G RBEIR): RAZRR V- EMEAR (asd) (i
b L-RARIRBERR A N L- R A AR W) —EAMIE R G (dapd) (il L-K
KRR R B R A2 B L-2,3- e R IR s —EUnE —RIRIE R EE (dapB) (ff
b L-2,3- &Nk iE R IRIE N L-WRIE-2,6- R ); &P IR AR (ddh) (L
L-WRIE-2,6- ~FRIRIEF A D, L- 2P IR ) 2 B —RIARIG (lys4) (fiEfk D,L-
TR RN L-EIR) P20, REEE IS RIE sC, asd, dapA, dapB, ddh 1 lysA
BRI R AL R BRI & ST, AR B B I A, Wi 3.3 PR .l BORLAE
C. glutamicum LJO1 "4} i RIEXLEILR], 152 HEHF LI01-Pefiu-lysC-asd, LIO1-
Peftu-dapA, LI01-Peftu-dapB, LI01-Peftu-ddh, LI01-Peftu-lysA 5%} W R R IEAT K BEXS L,
WK 3.4 fir. 4558 KR LI01-Peftu-lysC-asd, LIO1-Peftu-ddh A1 LI01-Pefiu-lysA [FF5i5,
MR- g K242 1 4.7%, LI01-Peftu-dapB W82 18 A 77 5¢ =1 1 7.6%, 1M LI01-Pefiu-dapA
(R B A T R B T 5.7%. LA 25 S U0 R 1R B 2 IR I & IR AT IR IR %
BH, $% IR 3 B A RO AR D BREG 1 20K 7K T HAS R A A = it U P B o 1 R 2=

(2) BEIMAKER P 2 o AHEF FH 18 228002 v Re PR 7 R I & 1k, AR 7T R X
T =R SRR EAHE R (D 7 RS AW R i p AT I S i e i o, 1
o5 AT 3 TR AR AR (A B, FR1F EE 4L B i LI01-evolution (i M ME#EL IS FE NI 3.5 A
) (D EFRIA B IZE H (AraB), A NE RIS E %, 315 B A R LI01-Pefiu-
araE; (1D 13 FRIK W RR I A 0 5% TR B B A1 F5 e el (TKT AT TAL), 35 i e bk
B2, AW LI01-Pefiu-tkt-tal» 1X =208 B AR ) R BESE a0l 3.4 fios. LIOL-
evolution fRIAHEF] A R BAR B EHIRTF T 45.3%, HEMEARTEEREMRR, WL
BRI B AL i R v, AR EARIE R T ARKE IR, (R Bl AR A S R 1Y) B
R T TCA B4, HTHEAMAERAEK: LI01-Peftu-aral WIAKEFFHIE S 5 212
T+ T 42.0%, (HZHERERF AERAHIUNE, 20 96 /N KEE, 5FH 8.6 g/L 1)
HIETRETR T, R S BUR IR A 7 M A LIO1-Pefiu-tki-tal WIAKERI I, %)
B ) FH T3 R A R AN R RV A B AR . I 8 B3 B U ) A 7 3 2 A2 DG S R
R LR oK, K PR R FH S 28 AN R 2 IR A ™ ) PR 1 DR 3%
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Fig. 3.5 Adaptive evolution of the C. glutamicum LJ01 in medium containing 40 g/L of xylose as the sole

carbon source: (a) residual xylose and glutamic acid production; (b) cell growth

(3) BT B SRR AEN o FEE LR 2 W2 IR & il B L AT AR oL, 38 I ik
TR BRI 7] DA S I IR (1) A BRSO 1590 AR 578 -1 30 3k 79 o 5 (1 R e 2 TR ) 3
B — R FRIA B RSRALEG (pye) (AR & BRI ) 35 N R/ 2 B8 1K 6 s
TR R R RIS (pek) (AL 28 A2 BRI I QN BRI/ B 2,18
ik (anlEl 3.3 Biom ). B RIA pye B2 LIO1-Peftu-pyc SXTRRFALL, &
BRI G R8N T 4.7%, {H 238 bR pek ZEFS 201 LI01-Apck X REZHAR L, #i%i
AR P2 ST FRAR T 11.9% (Ui 3.4 FITuR ) S50 45 SR U0 I 488 o i 40 5 19 2 TR PO 36 7 Xt 5t
QIR A BN, 1t A HoAd DR 2R BR 1] 1 2 R ) A 77

(4) $EE4HEF NADPH #4645 . £/ 1 mol BE R 75 ZH#E 4 mol K4l NADPH,
Ktk NADPH HIILSA 7E M 2 BR (1) & e S B 1 AR BRI, PredB R Bt i
A RIEERE, ThRs &Mk NADPT A NADPHP?, & C. glutamicum 1LJO1 HHid ik
PntAB FE R 3515 ) 25 41 8 A LI01-Peftu-PntAB 5 5F BE B MR AH LU, B2 R 7= 42 = T 63.6%

CanfE 3.4 Frm), ULAHHEEG NADPH AR A 2 A2 BRI AOHE & B 2 iR (1) B 2R 3R o

— 35 0o A B PR AE AN [R5 9% 2 7R ) NADPH & £ 3H 7T Cnli 3.6 Fis), 53R KR C.
glutamicum LIO1 1E%1 29S8 ) NADPH &84 23.3 nmol/mg prot, i fEACKE ;3%
F ) NADPH & &1 °N 12.4 nmol/mg prot, NADPH & & % | #21 46.6%; (LRI
T PntAB 3L 2 J5 , B2 R ARAE AR 7225 7 I\ NADPH & & Xk & 28 1E % 7K T 1 86.0%.
XA I 58 B 53— IE S T AIAMNE) NADPH HE48 5 T Ak & Bl S e e 2 e S
A8 SR M G S R PT RS s 2 B AR P A A BRI, — 8050 o~ IR 1 0 B 2l i i R L
W, 7E - B A I ERE (2w, 6-BERRE AVEIR NEEEE (pgl) TR 4
PERR WA (gndd) HIVEF N AZ R S-TERRAZ R BE , * DNA Eii il RNA & e it aii,
A A2 oK 2 1) 5§ NADPH, 1K & 5 NADPH AR AL = Al 1 %4, (=
& B AR ARRERS, AHEE IS AR R EE Qold), AREIHREEE (olB) FIRE R A% IR b



LRI KPS % 59 7

ZFAHEE Gpe) PHEALERN S-BERAIZEANE,  SARANE o2 8 I B s 2 AT 4G
i, (HR R I i NADPH 742 BRI TR AR LE R FH AR BRI 7 4 1) NADPH AH
X FH A e BN 35D s TR AR RG R B o, ACHEACU = 25 1) S5-I A% B A 2 301 ] 2
W R R AR AR, UK N ¥ NADPH {45 5 0 F #6147 B i A LU A BT RAEAR

25 -

HH

20
15

10

NADPH (nmol/mg prot)

LJO1 in glucose LJO1 in xylose  LJO1: pPeftu-PntAB
medium medium in xylose medium

Bl 3.6 W C glutamicum FEAFEFEEH A NADPH & &

Fig. 3.6 Detection of the intracellular NADPH content of C. glutamicum in different medium
T RBEAE 250 mL FRM AT, B59R 5649 30°C, 200 rpm, & 6 /A 5M ) NaOH i 755 77 ik
) pH & 7.

3.3.3  FIFH/PNZREFK B P A TR

N T VAl I PR PR AE S PR o £ 4k 3 /K VR & b B R B R, BN 2T T
MR AL, AV B MBS, A5 1 /D ZZ R AR . S50 = 0T R R M IR
TRALBRES & AV EE BOR AT DAZE R BE A 15 D0 T K A P B 70 IR AT RE BB, 9 Jim 2
HOARRE KBS (it 1 it Be 2849 B B0/ N ZE R K IS 100.2 /L Rl & HEAN 33.3 /L K
W o

FRARH TARSOES R M EA R C. glutamicum 1I01-Pefiu-PntAB 5% R IR C.
glutamicum B253-Peftumob 1E/NEREFF KM H AT K EEXT LG, 25 RNl 3.7 Frs . 4
AT AR 6 B B ARG IE R R AR b B AR, R Re AR R ) 0 AE 7 24.9 /L AR :
1M 58 A% C. glutamicum LI01-Peftu-PntAB BT LA RIS B 7K S A 8 2 B RAC K, A=
PAAFE]31.3 o/ LIETR , M ERAS 5 N 23%: 550 FE B PRAH B, BV i R = 1 25.7%.
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B 3.7 BUEBERR C. glutamicum LI01-Peftu-PntAB F|F ZFF /KRR R B A P2 R
Fig. 3.7 Lysine fermentation of C. glutamicum 1LJ01-Peftu-PntAB from wheat straw hydrolysate: (a)

xylose consumption; (b) glucose consumption; (c) lysine production
TR ZF KBRS Wb BRI 515 N R, KRR & 100.2 g/L F & 85N 33.3 /L AHH,
REEAE 3 L RIEERET AT, BE9R%1 8 30°C, 1.4 vwm, 600 rpm, JEiTiFEE4E E 3N 25% MK
A2 M BIBRIRAERF K BERE) pH AE 7.0
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3.4 AEPG

REZETMN—NEFR LA AEFZH AR C. glutamicum B253 1k, Soilid B4 AR EF] H
FEPREHERAT 1A KARKEA I Re 0, B A TR SUE Sl N2 7 ik
EARKE R R IR LR, 45 R DU NADPH L4550 T AKE & B = iR /2 e N
B, waBuER BRI EHEM C. glutamicum LI01-Peftu-PntAB 7] LAR| FH /N FEFF /K fift
WA 31.3 gL AR . AT EE MWL RaT -

(1) FEIR TIAEF=ER C. glutamicum B253 ABEF FHARRE AT A KA = IR A
7=, H Pefiu JashFRIEKR B RKAFFE BL21 1 xplAB &R A] L 54 B A ST AR
BEMAIRETD, I HAERK RS 28 E IR EIRAT R R A B, BRI A8 0 ik =2
& AR,

(2) FEGIN T ARBER ARG, ARFEACHIEAAE LA & RS R > 1 4
NADPH A%, BRI S 350 AR R AR B 1Y NADPH AR S AN BE 3 A2 58 20 R & B 75
SR, AT ACHE A B R () 13 2R IR TR R0 1 e ik NADPH FHAE I PrtAB 2RI 2 5
L () NADPH 7K-FFIHf 2 IR ™ & A & 52 Tt

(3) & MR T ERRANE & T m A 2 A IRAT B AR BER R, B T3R5
HHR /D i AE 2R AR I T, S B AR A S B A B R R A R T R
AP EIPERE . TR F ok SR s B B ET DU m R BE R R, HR SR C
glutamicum B253 %I T &) BE AU -

(4) & —RIIPA TIESOE, &SR EHREK C. glutamicum LI01-Peftu-
PntAB B LA I Z2 T 7K R 1 8T B MR BE A2 31.3g/L HIMEIR, 50 BRI AR AR B
TR B 1 25.7%.
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B4R WEATRERFEFRAARRAERE™R -ZETRE

41 3BlE

R &z, SRR, AR T ATE H A fEid 25 50 4E b, A
AT 28R B 77 SR 2 — AT BT EES, 7R 2017 4, RERNEBERTECOAK
FI| 3.48 A2, (H L 43 SDRL ) it A 8 A T A N R, T A A o
FErh S HBOR E IR = g, B A AR R A AR MEAE B ARG R B, DRt
JC T B A R R

F IR PR EE (Polyhydroxyalkanoate, PHA ) s& — R A=W 4 & B 8 40 7 2B Bk
XA EREMELRA 5 A MERN IR EE A B ek ARG R, OF B AR
EYHEVERVE AT AR, DA T D B R A R R, RIS 4, iR
AT ARAAL T A . PHA AR Y8 2 BSR4 0 F0 58 5 2 AN [B] 2 AN (5] B A R
i, Hrr e ) 3R T B A MRSV 3-8 AT iRlE, faifk PHB. H
BRI ACAE ™ PHB 38 21 1) i K PHAS 2 {8 FHUE R AR 2R 9 5Bk e X —J7 T Bl K A6 =
THFERAS, AR 5 B AE R S SA 30-40%07); 5 — 5 A R AR B TR AR A
T R REREVE TR, 1 HRZEr & H N EEH T REaM Tk &y
BER, RSB MRS, G R BRI T SRS AR RIE )2 i 42 7 R Bl i2 PHB
SEBR M A A = b e 2 i . TR, RZWFFE 8T REMEATE) PHB A4 7= R 1
S, A H R P, REAGER KRR, R, FLIEEsl, KRR,
H PSR S A PR AP . (H, X8 RIS AELE SRR A BRAN A B 5 A 2 1) 7] &
HIXEFORAEL, KRBT ER RA MR, R Z AN 8 REIH, AR Tk
A7 PHB ) fEJ5RL

RIFAYERIFERA T PHB AR — & NG . — AR 4ERAES T2
PR E AR, BIanRERE, S-FR W ERRRRE, 4-RREOR TR, HREEAT R, XL
TN 22 3 BB B GIEEAR P AR AR R b ALK, TR TR T AR A AL 48 S0 ) 41D
B S2 Ve, H2H WK PHB A Btk Wi IR, SRR RE, ShefE, 2R
P BRAT TR AN 22 5 AR TR TS0 PR K AT B8 X #0052 14 350855 TR 38 A0 B FH 3
L SRR AER =7 PHB HIBF ki, —RARLT4ER Tk 7 E & fish, &
THRERIARE, KR H TARBRAYER SHER 30%, KUAKER FH §E 712 N H AR5 £F
de 4" PHB KL E& . C. glutamicum BABRFNEIPIM0 5208, AT LA B 4F4E
R RPHERE, SR RRREE, 4-FR RN W, TR EEAT A R SE AN A X e
RTCTFE I EERANIR Y, Rt C. glutamicum W] CATE &[] & B R A 4E = Ak R bt
1T RIFEVAERKAR B, S—J5 T, RIRAHERTESHRENEMR, MEMRS T
C. glutamicum AR R, BRARAT BB A IE I, IX MM EE T R TR A4 R E
R RIHBL . C. glutamicum & & — PRiE 36 B & 5 % 4 /IR I 22 4 1 B ik

(Generally recognized as safe, GRAS), A=W/ B A EH %M, ARHHNER,
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T MFMLIEA. C. glutamicum ASZ&—RIRA 7 PHB B, ITHERA —LLHt
FAE C. glutamicum HHIE FTRIR K PHB A 0AH I 3k PR HHL 25 1) FH i 20 Bl 0 6
PHB (158 /723238, (HRIXLHR TG RNN) C. glutamicum MEVATEAR R AT 45 =448 R kAT
SEBG, UM IAFAE RU R SREIE: (1D AHE & 1 AR B EF4E 2SR 30%, 17X LEA)F 7T 45 21
W) C. glutamicum R BER AR EHE, SEURRHIREIRY: (2) XREHRTEIE C
glutamicum ] PHB 7* &HFAK; (3) @I ki Rk PHB & ks R 1 77 i BE S Uit /& 1)
AFEENE, WPRE| 7520 T4 m PHB P E R SUE kg . K ESEH C. glutamicum
M BSR4 A4 PHB KT T ARIE

FEARBETEH, LR SRR w] LR AKER C. glutamicum GIO1 F 9 R B Ak
¥ PHB & BT 5 () = AN SRR R 7 P 8 R H LA |, RIS E (1) PHB 4277 R
Te FRGHMIMNEANTHAL T C. glutamicum 4=7* PHB WPERE, BLFE: ik EES
FREEAE s MOERE YA B AT BN AT A BENL SEING RN, osH IR 2ROT
ik PHA &85, th4h, 38X PHB R BEAAFHEAT TOUL, 3R TR E A RE
WA &AL PHB HIRBEE IRu R . i) 19 20 B A S A KA 1 mT DA & i 7=
FA 7 15.1 /L 1 PHB, PHB &2 M4BT E M 32.1% (w/iw), 7& B BT AR IRFT 15
A7 PHB W8 mi4EhR;  [RIIN C50@ B Ak o] ORI /N 22 AR5 FF K 16.2 ¢/L /) PHB, PHB
BRI ER) 39.0 % (wiw), & HFINHESRL4ER 4™ PHB B 51655

42 MR5TE

4.2.1 Wk, BEFREEMBEEFRIAE
AR /NS I A R () S5 46 B R P O 45 3 1) E A B AR R 4.1 P
KW Escherichia coli DHSo. F T 318 FURL AN G SR FURL M) 2, RIBAFEE E.coli
BL21 A T4 KT B KR 1Y NADPH £ 42 22 K RN 3 Rk % 32 22 (Rl ( PntAB, udhA F1 araE) o
BRI R WA B A 5 TR AR AN S 7R 26 A0 I 2,21
C. glutamicum 1LI0O1 A C. glutamicum GJO1 J2&Hi P F A4 F 10T LA FH 8] 40 5 A0 ACHRE
FITEAR, FF HON A BT 21 4 344 & b B0 0 e B 52 %, DRI Bk e 3564 9 26 7 PHB
B k. RRMIE TR R REIRAT B 4R PHB PTG TR0 R s 72 s, BER
22577 PHB T (35 77 58 70 N IR B 7R 36 AV s & IR RS 973, M P52 2 00 — B
BRI AR R an T
(1) FhrREeRe. 250 /L W&, 1.0 o/L Bl 440, 3.0 g/L K&, 0.6 g/L it
FREE, 5.0 g/L BERHZHUYIAN 10.0 g/L & H k.
(2) KEEE:FEHRE: 1.0 g/L Bl —E47, 3.0g/L JRK, 0.6g/L MMRE, 5.0gL Bt
FEEUFN 10.0 g/L B E R, AUAE SLASINAS [F) 7R 5 10860 256 B BROA BB A S e
(3) PREEFER: 1.0g/L Wilgi%, 2.5g/L K&, 1.0g/L BifR S8, 1.0 /L Wiz
A8, 025 /L EREE, 42.0 g/L WGHENT#EER, 0.01 g/L &AL, 0.01 g/L /KSR
WA, 0.01 gL —/KEMERE, 1.0mg/L L/KEMERE:, 0.2 mg/L HRERHT, 0.02 mg/L 75
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KEFAER 0.1 mg/L AEWE.

(4) BERIEEEFEHE: 200 /L R, 5.0g/L JRZ, 1.0g/L iR S48, 1.0g/L
BERRE 41, 0.25 g/L BilRE:, 42.0 g/L SHERf#RER, 0.01 g/L &ALES, 0.01 g/L LKA
Bk, 0.01 g/L — /K&, 1.0mg/L t/KEREEEE, 0.2mg/L HERHN, 0.02 mg/L
FNIKEEALEEA 0.1 mg/L £ K.

C. glutamicum FLFAGIS BT FH B35 IR BRI BE 77 2640 D 2.2.1

A E FETR AT B Gluconobacter oxydans DSM 2003 T 42 fit S A0 A B SR YR 1)
NADPH 42K (SGDH), 2 M A Fi oo 1 42 [ it A P b A R o0 (DSMZD
WS e PTG S FREE IR AN R . P33R 55 80.0 o/L 1LALEE, 10.0 g/L Wbt
MY, 1.5g/L B — S, 1.5 g/L iR 0.5 g/L MifREE. KBS FREEEH 40.0g/L
HIEHE, 10.0 g/L BERESEEUY), 1.5 g/L BEIR A8, 1.5 g/L BREREAN 0.5 g/L TR E: .

WG+ HU 5 Amorphotheca resinae ZN1 PRI, RiFRIEMBE IR 2.2.1,

422 BRI

SR o R AL A RIS S g W 2.2.2. PHB brdh I FHIMERAIIRZ, T H
Sigma-Aldrich (Shanghai, China).
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Table 4.1 Strains used in this chapter

Strains Characteristics Sources
Escherichia coli DH5a. Host for plasmid construction Lab stock
Escherichia coli BL21 Genes PntAB, udhA and araFE source Lab stock
Gluconobacter oxydans DSM2003 Gene SGDH source DSMZ*
Amorphotheca resinae ZN1 (CGMCC 7542) Biodetoxification fungus [207]

C. glutamicum B253 Lysine production strain SIIM*

C. glutamicum S9114 Glutamic acid production strain SIIM*

C. glutamicum B253-pPH36-phaCAB C. glutamicum B253 harboring the plasmid pPH36-phaCAB This work
C. glutamicum B253-pPeftu-phaCAB C. glutamicum B253 harboring the plasmid pPeftu-phaCAB This work
C. glutamicum S9114-pPH36-phaCAB C. glutamicum S9114 harboring the plasmid pPH36-phaCAB This work
C. glutamicum S9114-pPeftu-phaCAB C. glutamicum S9114 harboring the plasmid pPeftu-phaCAB This work
C. glutamicum-AldhAl::xylAB (GJO1) C. glutamicum S9114 with xylose utilization ability [239]

C. glutamicum-AldhAl::xylAB-Apdh::phaA Pdh, MscCG and ldhA2 knockout and integration of the expression cassette This work
-AMscCG::phaB-AldhA2::phaC (JHO1) Pefiu_phaA, Peftu_phaB and Pefiu_phaC in C. glutamicum GJO1

JHO1-pPeftumob C. glutamicum JHO1 harboring the plasmid pPefiumob as control This work
JHO1-pPeftu-phaA C. glutamicum JHO1 harboring the plasmid pPeftu-phaA This work
JHO1-pPeftu-phaB C. glutamicum JHO1 harboring the plasmid pPeftu-phaB This work
JHO1-pPeftu-phaC C. glutamicum JHO1 harboring the plasmid pPefiu-phaC This work
JHO1-pPeftu-PntAB C. glutamicum JHO1 harboring the plasmid pPefiu-PntAB This work
JHO1-pPeftu-udhA C. glutamicum JHO1 harboring the plasmid pPefiu-udhA This work
JHO1-pPeftu-SGDH C. glutamicum JHO1 harboring the plasmid pPefiu-SGDH This work
JHO1-pPeftu-fasR C. glutamicum JHO1 harboring the plasmid pPeffu-fasR This work
JHO1-pPeftu-aceE C. glutamicum JHO1 harboring the plasmid pPeftu-aceE This work
JHO1-0dhA_RBSO0.1 RBS with 0.1 a.u. substitution of odh4 in C. glutamicum JHO1 This work
JHO1-Aack::araFE (JH02) Ack knockout and the integration of the expression cassette PH36_araFE in JHO1 This work
JHO2-pPeftumob C. glutamicum JHO2 harboring the plasmid pPeffumob as control This work
JHO2-pPeftu-phaB(QLTS) C. glutamicum JH02 harboring the plasmid pPefiu-phaB(QLTS) This work
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JHO2-pPeftu-phaC(STQK)
JHO2-pPeftu-phaP
JHO2-pPeftu-FtsZ
JHO2-pPeftu-pknA
JHO2-pPeftu-pknB
JHO2-pPeftu-DiviVA
JHO2-pPeftu-RodA
JHO2-pPeftu-WheD
JHO2-pknA_RBSO0.1

JHO2- pknB_RBS0.1

JHO2- DiviVA RBSO0.1

JHO2- FtsZ RBS100
JHO2-pPeftu-(NcghphaC
JHO2-pPeftu-(CGR)phaC
JHO2-pPeftu-(NcghphaC(gfp)
JHO2-pPeftu-(CGR)phaC(gfp)
JHO2-pPeftu-(porB)phaC
JHO2-pPeftu-(porC)phaC
JHO2-pPeftu-(porB)phaC(gfp)
JHO2-pPeftu-(porC)phaC(gfp)

C. glutamicum JHO2 harboring the plasmid pPeftu-phaC(STQK)

C. glutamicum JHO2 harboring the plasmid pPeftu-phaP

C. glutamicum JHO2 harboring the plasmid pPeftu-FtsZ

C. glutamicum JHO2 harboring the plasmid pPeftu-pknA

C. glutamicum JH02 harboring the plasmid pPefiu-pknB

C. glutamicum JH02 harboring the plasmid pPeftu-DiviVA

C. glutamicum JH02 harboring the plasmid pPefiu-RodA

C. glutamicum JH02 harboring the plasmid pPefiu-WhcD

RBS with 0.1 a.u. substitution of pknd in C. glutamicum JH02

RBS with 0.1 a.u. substitution of pknB in C. glutamicum JH02

RBS with 0.1 a.u. substitution of DiviVA in C. glutamicum JH02
RBS with 0.1 a.u. substitution of F#sZ in C. glutamicum JH02

C. glutamicum JH02 harboring the plasmid pPefiu-(NcglphaC

C. glutamicum JH02 harboring the plasmid pPefiu-(CGR)phaC

C. glutamicum JH02 harboring the plasmid pPefiu-(NcglphaC(gfp)
C. glutamicum JHO2 harboring the plasmid pPeftu-(CGR)phaC(gfp)
C. glutamicum JHO2 harboring the plasmid pPeftu-(porB)phaC

C. glutamicum JH02 harboring the plasmid pPeftu-(porC)phaC

C. glutamicum JH02 harboring the plasmid pPeftu-(porB)phaC(gfp)
C. glutamicum JH02 harboring the plasmid pPefiu-(porC)phaC(gfp)

This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
This work
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Table 4.2 Plasmids used in this chapter
Plasmids Characteristics Sources
pPH36mob Expression vector for C. glutamicum, PH36 promoter, kanamycin resistance KmR [239]
pPeftumob Expression vector for C. glutamicum, Peftu promoter, kanamycin resistance Km® [239]
pK18mobsacB Mobilizable vector for selection of double crossover in C. glutamicum, kanamycin resistance KmR [209]
pPH36-phaCAB Vector for expression of phaCAB by PH36 promoter This work
pPeftu-phaCAB Vector for expression of phaCAB by Pefiu promoter This work
pPeftu-phaA Vector for expression of phaA by Pefiu promoter This work
pPeftu-phaB Vector for expression of phaB by Pefiu promoter This work
pPeftu-phaC Vector for expression of phaC by Peftu promoter This work
pPefiu-PntAB Vector for expression of PntAB by Peftu promoter This work
pPeftu-udhA Vector for expression of udhA by Pefiu promoter This work
pPeftu-SGDH Vector for expression of SGDH by Pefiu promoter This work
pPeftu-fasR Vector for expression of fasR by Peftu promoter This work
pPeftu-aceE Vector for expression of aceE by Peftu promoter This work
pPeftu-phaB(QLTS) Vector for expression of phaB(QLTS) by Peftu promoter This work
pPeftu-phaC(STQK) Vector for expression of phaC(STQK) by Pefiu promoter This work
pPeftu-phaP Vector for expression of phaP by Pefiu promoter This work
pPeftu-FtsZ Vector for expression of FtsZ by Peftu promoter This work
pPeftu-pknA Vector for expression of pknAd by Peftu promoter This work
pPeftu-pknB Vector for expression of pknB by Peftu promoter This work
pPeftu-DiviVA Vector for expression of DivIVA by Peftu promoter This work
pPeftu-RodA Vector for expression of RodA by Peftu promoter This work
pPeftu-WhcD Vector for expression of WheD by Peftu promoter This work
pPeftu-(NcghphaC Vector for expression of (Negl)phaC by Peftu promoter This work
pPeftu-(CGR)phaC Vector for expression of (CGR)phaC by Peftu promoter This work
pPeftu-(NcghphaC(gfp) Vector for expression of (Negl)phaC(gfp) by Peftu promoter This work
pPeftu-(CGR)phaC(gfp) Vector for expression of (CGR)phaC(gfp) by Pefiu promoter This work
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pPefiu-(porB)phaC
pPeftu-(porC)phaC
pPeftu-(porB)phaC(gfp)
pPeftu-(porC)phaC(gfp)
pK18-Apdh::phad
pK18-AMscCG::phaB
pK18-AldhA2::phaC
pK18-0dhA_RBSO0.1
pK18-Aack::araE
pK18-FtsZ RBSO0.1
pK18-FtsZ RBSI1.0
pK18-FtsZ RBS10
pK18-FtsZ RBS100
pK18-pkn4_RBS0.1
pK18-pknB_RBS0.1
pK18-DiviV4A_RBS0.1
pK18-RodA_RBSO0.1
pK18-WheD RBS0.1

C. glutamicum JHO2 harboring the plasmid pPeftu-(porB)phaC

C. glutamicum JHO2 harboring the plasmid pPeftu-(porC)phaC

C. glutamicum JHO2 harboring the plasmid pPeftu-(porB)phaC(gfp)

C. glutamicum JHO2 harboring the plasmid pPeftu-(porC)phaC(gfp)

Vector for replacement of pdh by integrating the expression cassette Peffu phaA into the genome
Vector for replacement of MscCG by integrating the expression cassette Peftu_phaB into the genome
Vector for replacement of /dhA2 by integrating the expression cassette Pefiu_phaC into the genome
Vector for RBS with 0.1 a.u. substitution of odhA in the genome

Vector for replacement of ack by integrating the expression cassette PH36_araFE into the genome
Vector for RBS with 0.1 a.u. substitution of F#sZ in the genome

Vector for RBS with 1.0 a.u. substitution of F#sZ in the genome

Vector for RBS with 10 a.u. substitution of F#sZ in the genome

Vector for RBS with 100 a.u. substitution of FzsZ in the genome

Vector for RBS with 0.1 a.u. substitution of pkn4 in the genome

Vector for RBS with 0.1 a.u. substitution of pknB in the genome

Vector for RBS with 0.1 a.u. substitution of DivIV4 in the genome

Vector for RBS with 0.1 a.u. substitution of RodA4 in the genome

Vector for RBS with 0.1 a.u. substitution of WhcD in the genome

This work
This work
This work
This work
This work
This work
This work
[208]

[239]

This work
This work
This work
This work
This work
This work
This work
This work
This work
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Table 4.3  Primers used in this chapter

Primers

sequences (5’-3’)

phaCAB-F (EcoRI)
phaCAB-R (Sacl)
aceE-F (Xbal)
aceE-R (Sall)
fasR-F (Xbal)
fasR-R (Sall)
phaA-F (Xbal)
phaA-R (Sall)
phaB-F (Xbal)
phaB -R (Sall)
phaC-F (Xbal)
phaC-R (Sall)
PntAB-F (Smal)
PntAB-R (Xbal)
udhA-F (Smal)
udhA-R (Xbal)
SGDH-F (Smal)
SGDH-R (Xbal)
phaP-F (Smal)
phaP-R (Xbal)
DivIVA-F (Xbal)
DivIVA-R (Sall)
FtsZ-F (Xbal)
FtsZ-R (Sall)
pknA-F (Xbal)
pknA-R (Sall)

ggaattcatggcaaccggcaagggcgea
tcceecgeggttageccatgtgeaggecgeeg
gctctagaatggccgatcaagcaaaacttg
acgcgtcgacgatccaaacgcetcctgaggaataa
gctctagaatggaagcggegggceactgagatt
acgcgtcgacctagecagtagecacggagaa
gctctagaatgaccgatgttgtcategtttetg
acgcgtcgacttacttacgttccactgcaagtgc

gctctagactcgaattccatggtttacgccattaatggcagaagttge
acgcgtcgacttgacagcttatcatageggtaaccatcacggg
gctctagatgcgatcaaataatgacatgggtaaaaaatcctttegt
acgcgtcgacacgaaaggattttttacccatgtcattatttgatcgea

tcceecgggatgegaattggeataccaag
gctctagattacagagctttcaggattge
tcceececgggatgecacattectacgattacgatge
gctctagattaaaacaggeggtttaaac
tccececgggatgectgecccttacaaagaccy
gctctagattacgaggaccagttgttttcga
tcceecegggatgatectcaccecggaacaagtt
gctctagatcaggcagcecgtcgtcttetttg
gctctagaatgecegttgactccagetga
acgcgtcgacttactcaccagatggcttgttg
gctctagaatgacctcaccgaacaact
acgcgtcgacttactggaggaagcetgggtacatcca
gctctagaatgagtcaagaagacatca
acgcgtcgactcactgegcetectectacatccaat
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pknB-F (Sall)

pknB-R (Pstl)

RodA-F (Xbal)

RodA-R (Sall)

WheD-F (Xbal)

WheD-R (Sall)

CGR-F (Sall)

CGR-R (IF phaC)

phaC-F (IF CGR)

phaC-R (Pstl)

Ncgl-F (Sall)

Necgl-R (IF phaC)

phaC-F (IF Ncgl)
GFP-R(Pstl)

IdhA2-up-F (Xbal)
IdhA2-up-R (IF Peftu phaC)
Peftu_phaC-F (IF 1dhA2-up)
Peftu phaC-R (IF ldhA2-down)
ldhA2-down-F (IF Peftu_phaC)
1dhA2-down-R (HindIII)
pdh-up-F (EcoRI)

pdh-up-R (BamHI)
Peftu_phaA-F (BamHI)
Peftu_phaA-R (Sall)
pdh-down-F (Sall)
pdh-down-R (Pstl)
MscCG-up-F (EcoRI)
MscCG -up-R (BamHI)
Peftu_phaB-F (BamHI)

acgcgtcgacatgaccttcgtgatcgcetgatc
aactgcagctattgcacgagtgcggcgag
gctctagaatgaacacgcttgaacgatta
acgcgtcgactcacgcagcecaccteecgatg
gctctagaatggaagattcagetggggac
acgcgtcgacttaagaaatttcgegtttcaggeggeg
acgcgtcgacatgcaaataaaccgccgaggce
cggttgecattgetcectgggegtte
cagggagcaatggcaaccggcaaggg
aactgcagttaagccttagecttgacgtaacgg
acgcgtcgacatgaaatatgaatttaataatagattccgaacgaaatcggt
ccggttgecataaagagcetectgatcatgtaggtgte
aggagctctttatggcaaccggcaaggg
aactgcagttatttgtatagttcatccatgccatgtgtaatee
gctctagagactgctatcggtgtggctttacg
accagatagaggtacccagcttttggtagccctttcagttgttgg
ccaacaactgaaagggctaccaaaagcetgggtacctctatctggt
agtgacaacattttttctccttaagccttagecttgacgtaacgg
ccgttacgtcaaggctaaggcttaaggagaaaaaatgttgtcact
CCCaagcttagcactccttcaacgectecaccttcacecge
ggaattcaattgccacagaaccccaaatace
cgggatccctgaactcctcaacgttatggetatt
cgggatcccgaaaagcaatttgcettttcgacgee
acgcgtcgacttacttacgttccactgcaagtgece
acgcgtcgactgattgatacacctgctgttete
aactgcagcgattactggaagtggcactttat
ggaattcgatggcaaccatgggaacgga
cgggatccgagccaagattagcgctgaaaagtage
cgggatcccgaaaagcaatttgcttttcgacge
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Peftu_phaB-R (Sall)
MscCG -down-F (Sall)
MscCG -down-R (Pstl)
DivIVA-up-F (BamHI)
DivIVA_RBSO0.1-R (IF)
DivIVA_RBSO0.1-F (IF)
DivIVA_down-R (Sall)
FtsZ-up-F (EcoRI)
FtsZ RBSO0.1-R (IF)
FtsZ RBSO0.1-F (IF)
FtsZ _down-R (Xbal)
FtsZ RBS1.0-R (IF)
FtsZ RBS1.0-F (IF)
FtsZ RBS10-R (IF)
FtsZ RBS10-F (IF)
FtsZ RBS100-R (IF)
FtsZ RBS100-F (IF)
pknA-up-F (BamHI)
pknA RBS0.1-R (IF)
pknA RBSO0.1-F (IF)
pknA down-R (Sall)
pknB-up-F (EcoRI)
pknB RBS0.1-R (IF)
pknB RBSO0.1-F (IF)
pknB _down-R (Xbal)
RodA-up-F (BamHI)
RodA RBSO0.1-R (IF)
RodA RBSO0.1-F (IF)
RodA down-R (Pstl)

acgcgtcgacttageccatgtgecaggecgecegtta
acgcgtcgacgacgcetgattacagacgtgtcccattt
aactgcagtgcatctgecacaatatcgecgacgttc
cgggatcccgecaccaaagtggttctactac
acggcattgctgccgttgaccctgatgcettggtggccccaggeagggcecg
gccaccaagcatcagggtcaacggcageaatgecgttgactccagetgatgte
acgcgtcgacgtcagcttcgttgaccagagtg
ggaattcaacgcgcacagatccggatcaa
tgaggtcattgcgcetgagttgcaatgacctcgagttgatactaaaaaaattttge
gtatcaactcgaggtcattgcaactcagcgcaatgacctcaccgaacaactacctcg
gctctagaacagcaggacgecagttge
aggtcatcctggaggtgacctgecgagacgagagttgatactaaaaaaattttge
gtatcaactctcgtctcggcaggtcacctccaggatgacctcaccgaacaactaccteg
gtgaggtcatggacctagaccaatctatggegagttgatactaaaaaaattttge
gtatcaactcgccatagattggtctaggtccatgacctcaccgaacaactaccteg
gtgaggtcatgcettgtecttgttcaaagtagagttgatactaaaaaaattttge
gtatcaactctactttgaacaaggacaagcatgacctcaccgaacaactacctcg
cgggatccaggaatcactgcctectggate
ggtgtagatctgactagtttcctgaagcacagetcggecaattggg
aaactagtcagatctacaccatgagtcaagaagacatcactggaaaag
acgcgtcgaccaacgcaatgccaatcaactcg
ggaattcgcggcttctgatatttattctctcgg
ggggatatatgatctggacgteggecatttacggegtegattaaate
gacgtccagatcatatatcccegtgaccttcgtgatcgetgatege
gctctagagttttgccatggeggtgagt
cgggatcctgctctgatggtctatcagatecgg
tgttcatggcggtaaggaagaccttaccccgggttegtttctatcgeccaccggt
acccggggtaaggtcttccttaccgecatgaacacgcttgaacgattaaaget
aactgcagaccaacacagcaccaatcaacag
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WhceD-up-F (BamHI) cgggatccggcaccccaagegacttc
WheD RBSO0.1-R (IF) gaatcttccatcgecgggaaaggcetcgegeatcaaagetactttaagtetgttcteat
WheD  RBSO0.1-F (IF) gtagctttgatgcgegagcctttcccggegatggaagattcagetggggacgtatct

WheD _down-R (Pstl) aactgcagaccgegcagtcttagagge
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% 4.4 RT-qPCR LW FTH5I4)
Table 4.4 Primers used for RT-qPCR assay

Genes

Gene locus

Forward primer sequence(5°’-3’)

Reverse primer sequence(5’-3)

16S rRNA
pgi
pk4
glpX
fba
1pid
gpd

gpmA
eno

aceE
aceF’
glt4
acnA
icd
kgd
sdh
aspA
mqo
mld
aceA
glcB
adh
zwf
pgl
gndA
rpe

CGS9114 RS11955
CGS9114 RS13610
CGS9114 RS02860
CGS9114 RS07495
CGS9114 RS00405
CGS9114 RS06420
CGS9114 RS09335
CGS9114 RS05085
CGS9114_RS09495
CGS9114_RS10055
CGS9114_RS08045
CGS9114_RS13495
CGS9114 RS06610
CGS9114 RS02730
CGS9114 RS03450
CGS9114 RS04930
CGS9114_RS09635
CGS9114 RS11385
CGS9114_RS08765
CGS9114_RS09005
CGS9114 _RS09010
CGS9114 RS07420
CGS9114 RS06460
CGS9114 RS06450
CGS9114 RS07055
CGS9114_RS06360

GCCCCTTATGTCCAGGGCTT
GGGGTGAGCCTGGCACAAAT
ATCTGCAAGGCGATGGAACG
CCGCATTACAGGTTCGGTGGG
TTCGTCTTCCACGGTGGCTCA
AGCGCCGCGAGTACCACAAC

TAGAAACCGTTCACTCCTTCACCAA

CGCAAAGAAGGGCGAAACCG
GCTGCCAACTCCATCCTGGTTAA
CGGTGTTGGTATGCAGTGGGC
CACGCAACAACAAGCTGAAGCC
TCCCAACTGACTTCTTCACCGTATT
CACGAGTCCCTGGGCCTTGA
CTTCGCACCAGTTGCAGAAGCA
AAAGATGCGCCGCGTTTCCC
CACCTGTCTCACGGCATCTGGC
AGACCGCTACCCAGGTTTCCG
CGGGCAGCGTGTTCAGGTTA
CGCCGCAGATGACATTCGTG
GCTGCTGTCCTACAACTGCTCCC
ACCATTCCAACCGCACCAAA
TCCATCTGGGATCTCAAGTGCG
TCGCCGTGTTACTGAGATTGCC
CCCTTCCTGCGGTTCACTCC
CCCAGTGTTCGCTTCCTCCTTG
GATCGACGGCGGCATCAGCT

GGTCGAGTTGCAGACCCCAA
TGGACGAGCGAAACCAATGAA
AAGGTCTTGTGGCCGAACTGG
CGGATGGCCTTCGGTGTCAGT
GGCGGGTGAATGCGTACTGG
GTGGCTCACCAACGCAGACG
CCAGCTCTGGAAGCGCCTTG
CATCGGAGATGCCGTCAAGGTG
CAGCAATAGTGGTGTCCTCGGTCT
ACGAACTCCGTAGTCAGCCTCAA
GCCTGTGGTGGAACCAGGATT
CGTGGGCGGTTGATCTTGTT
CGTCGCCGTTCTCCTTGGTT
CTCATCGTTTGGAGCGTAGTAGCC
CGTCGATAAGCTGCTTCTCCTCC
CAGCGATGGCGAACGGAATG
AAGCACGTTGCGAGCCATCA
CGAGCAATCCGGCGATAGTG
CATTGGTGTTCGCTGGGTTTCC
GCCCATTGCGCCGAGTTCCT
GTGTTCAACCCAGCGCACAAC
ACGGAAGACCTCAACAGCCTCA
CTTGGAACCGAAGCGGATGA
AGCATCATCAGCCAAGAACAATACC
CCATCCTTGTCGATGCGCTTGT
GCAACTCCTGGATCGCCTTGTT
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tkt CGS9114_RS06470 CCACCAGCCTGTTGAAACCTTG GGGCGGTCTCATTCGCATCT
tal CGS9114_RS06465 CGGCGACACCCTGTCCAACT CCTGGAAGACATCTGCCAAGTCAA
phaA H16 _RS07140 CATCTAAGCGTGCTCTGTCCCG CCAACCCATCTGCTGGTGAACT
phaB H16 RS07145 CTCTGTGAACGGTCAGAAGGGTC TGAGCAAGTGCCATTGTGAAGC

phaC H16 RS07135

GTGCGTAACATGATGGAGG

TTGTACTGAAGAAGCTGGAAG
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A EE TR TR SIER 4.2 1, FTABIREI5I{ER 4.3 .

TR FURL A FH A2 i BORLAE B R A 3T R e R R I 380, A= T > 32 22
R IE ARy H UL PH36 NJAEI T pPH36mob ik FRLAILL Pefiu N A 5T
pPefiumob FiLFiki. AZFrH 2K PHB & 2 K% phaCAB (H16_RS07135) J&idit
s EY R A 7] (Shanghai, China) &, PAA R BOAKENR, @ik PCR K77
A G152 oy A B V)AL S phaCAB Fr B, A1 EcoRI A Sacl PN 7JHEEXS JE K Fr B Al
PRI R 3 AT AL R, FRadad T4 SRR 0 1B AR — S, 153 pPH36-phaCAB
F pPeftu-phaCAB FRiEFiki. LA pPeftu-phaCAB FRIEFURIAE MR, #iL PCR #1752
Y1155 phad, phaB M phaC F B, F Xbal A1 Sall N JEERTHX =ANJEH F B AT pPeftumob
IR FURLSr A AT A B, PRI T4 HEREBER 0 B AL — D, 153 pPeftu-phad, pPefiu-
phaB H1 pPefiu-phaC F ik kL. 4 & B FH 2 {2 1 NADPH 54 (1) 2 K PnedB

(B21_RS08255, B21 RS08250) A1 udhA (B21 RS20170) LA KMgAF B BL21 (%[
Y ONBRR, i PCR 1915 211, 5737 — M2k NADPH FAE (12 K SGDH(GOX2015)
7 LA T ERR M B Gluconobacter oxydans DSM 2003 [13& K24 ik, @i PCR
a2, F Smal F1 Xbal N Y)EEXT PntdAB, udhA, SGDH F:[K Al pPeftumob %1k i
Koy BT AL B, PRI T4 SRR L Ry B 5 IR B M 28, 433 pPefiu-PntAB,
pPeftu-udhA R pPeftu-SGDH Fik Fiki. phaB F phaC [ AL 75 M 5 = 1) 5248 44
phaB(QLTS)H phaC(STQK), LAK PHB ki Zh & & H IgmiL LK phaP, #ZIEE i
eI YR A7) (Shanghai, China) &K, H Xbal f1 Sall W UIEEALEE phaB(QLTS)
1 phaC(STQK) B, HEENZIL A A N VIBEAL B ) pPeftumob FIAH K, 153 pPefiu-
phaB(QLTS)H! pPeftu-phaC(STQK)FKIEFki; H Smal Al Xbal N VIRGALHE phaP FEX,
HEAEZ L R R A VIR AL PR () pPefiumob Rk #AE, 152 pPeftu-phaP FiLFkL. 5 LMk
W A A REAEHAE S ] fasR(CGS9114 RS11820)F1 aceE(CGS9114 RS10055),
DL 540 A= Ko 2R R 3L [A] fisZ(CGS9114 RS07790), pkndA (CGS9114 RS04550),
pknB (CGS9114 RS04545), DivIVA (CGS9114 RS07765), RodA (CGS9114 RS04560)
A WheD (CGS9114 RS13100) #Z LA C. glutamicum S9114 [FZERHAE MR, @it
PCR By 5328, H Xbal A1 Sall N JEGXT_EIRIL F BEAT pPefiumob 31k H A
BEATACIE, PRI T4 BERERRR RN Br S RIS AR HIER:, 153 pPefiu-fasR, pPefiu-
aceE, pPeftu-FtsZ, pPeftu-pknA, pPeftu-pknB, pPefiu-DivIVA, pPeftu-RodA 1 pPeftu-WhcD
KL k. 755k CGR M Ncgl, %u%ﬂ@ﬂ%%%é{ﬁﬁe PorB Al PorC #/2LL C
glutamicum S9114 [WIZERIHAME BN, @ik PCR BJ7 Xy #4321, FHiEdfElE PCR
HUAMESIK A0S phaC %.*HJ@%, 83| CGR phaC, Ncgl phaC, porB phaC
porC _phaC Fh& R B, BEIBEMUNERT T XS B Boddi A 21| pPeftumob ik &
1, 15 2 pPeftu-(NcghphaC, pPeftu-(CGR)phaC, pPeftu-(porB)phaC Fl pPefiu-(porC)phaC.
i 5 B SR (1) A FH A 0 B IR A b ()R 5 BOdbAT i, IORORn B4, A= 15 T
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(1) R B A B AR /2 pK18mobsacB i KL, Fi FH I R B 88 & ORI A 7360 R o X T
pK18-Apdh::phad Jiiki, FAEHRIEREFA LIGN Pefiu-phad FiE g, RIS ikH
H 2 I B R B B 2 ] pdh. B BAARME T W LL C glutamicum S9114 ()
SR IR, i PCR 177 Y 83 3 pdh 1) LR B (pdh-up) FIR IR BL (pdh-
down); F LA pPeftu-phad 323k BRI, i1t PCR K77 A 8515 5] Peftu-phad Fr B
BB EYEEN TR, %8 pdh-up, Pefiu-phad F pdh-down N X =4 F B
KIKFENE pK18mobsacB JFify [, MEEEK pK18-Apdh::.phad *&& ikl X+ pK18-
AMscCG“phaB fﬁ*‘i, HAEH R AEFN A F3i N Peftu-phaB ik &, [FIN; 8 s L K 20
IR TR W R R MscCG. B BRI AT X R L C. glutamicum S9114
Hﬁﬁléﬂﬁmﬁ L PCR 77 Y 1815 3] MscCG W) i BY (MscCG-up) F1 R ilif A
Bt (MscCG-down); FLL pPeftu-phaB FiE Uk gtk , i3 PCR 177 Y 1543 2| Pefiu-
phaB Bt & REUIERN T, %18 MscCG-up, Pefiu-phaB 1 MscCG-down []
I K7 3 = AN Fr B P38 N 2 pK18mobsacB ik I, #2% pK18-AMscCG::phaB &4
kL. XF T pK18-AldhA2::phaC kL, HAFHZAERERA i Peftu-phaC KiL&, |7
)% 3w JE R 2 R gn D AR S I R ] dha2. B R ET R F: L C
glutamicum S9114 {IFE K A AMEAR , il PCR 17 Ry W15 2 1dhA2 W L3 A B (ldhA2-
up) AR B (IdhA2-down); LA pPeftu-phaC FIEJFRNENR, #id PCR K52
W15 3 Peftu-phaC B BB EEIEM PCR 73R, 1408 IdhA2-up, Peftu-phaC F
ldhA2-down FIN T4 IX =4 Bt & 7 —#2, 19 28E B AldhA2::phaC; F Xbal Al
HindIIT AN YIRS 7 B AldhA2::phaC F1 pK18mobsacB FitidfAT A0, FiEid T4 1%
FERGR P A, R pKI18-AldhA2::phaC ¥4 JF0kL. % T pK18-FsZ RBSO.1,
pK18-FtsZ RBS1.0, pK18-FtsZ RBS10 Al pK18-FtsZ RBS100 Jiiy, HAFEHEEILKA
¥ Fesz (546 RBS JPA B o skl aasim g v 0.1, 1.0, 10 #1100 ) RBS 741, LA
pK18-FtsZ RBS0.1 A, EAktE T U\ C. glutamicum S9114 1) K 2H J9A5AR
Wit K H FisZ RBSO.1 FHIM 514, #Eid PCR B 7y 3645 2 Fif v B
(FtsZ RBSO0.1-up) A N7 Fr Bt (FtsZ RBS0.1-down); %% il id 8 8 ZE{H PCR ) )5 X,
BIX A B A —ile, 18 2IEE H B AFtsZ RBS::FtsZ RBS0.1; ] EcoRI 1 Xbal
N IR & F B AFtsZ RBS::FtsZ RBS0.1 Al pK18mobsacB J5i ki #E 4T 4B, P i T4
RN N AR, M pK18-FsZ RBS0.1 %4 Fiki . XF T pK18-pknd_RBS0.1
ik, HAEHRAEIERNA ¥ phnd LG RBS FF 5B 4o iE A3 A 0.1 Y RBS
A, Bk i Rt LU C glutamicum S9114 BIFER L NREN, it KA
pknA_RBSO0.1 711514, 1@id PCR W77 AP 3845 28] _BiiF v BX (pknd_RBS0.1-up) AR
it Bt (pknd_RBSO.1-down); 45181 #H S 2E{# PCR 773X, BXWAN Bl & 78—
i, B3EE B Apknd RBS:: pknA RBS0.1; ] BamHI 1 Sall P )EExHRD& H B
ApknA_RBS:: pknA_RBS0.1 F1 pK18mobsacB FUki AT ACEE, FiELL T4 LR P &%
FAE—ig, AR pK18-pknd_RBS0.1 B& Fiki. X1 pK18- pknB RBS0.1 ki, HAE
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FRAEE A FR: pknB 11546 RBS 7771 8 4 e st ot 508 0.1 (1) RBS 410 HAk
77 R BA C. glutamicum S9114 WBEERIZH AR, 51t RimaiH pknB_RBS0.1 7
SIS, @i PCR MW7y #4153 B A BX (pknB_RBSO.1-up ) A1 T ¥if Fr Bt
(pknB_RBS0.1-down); #% @it HE LM PCR 173, FXWA Bl G E—ie, 15
@t & Bt ApknB RBS::pknB RBSO0.1; A EcoRI A1 Xbal P 1]l X%f @b & A B
ApknB_RBS::pknB_RBS0.1 I pK18mobsacB iUk 47T AbEE, Fii@it T4 ZEHNE P& 1%
FEAE g, MERK pK18-pknB_RBSO0.1 B & ik, Xf T pK18-DiviVA_RBS0.1 Fiki, HAE
FRAEEE A FR: DivivA 1546 RBS Fp o By skeah w8 0.1 1 RBS 741, A
Pty 77 R : LA C. glutamicum S9114 LRI ZH MBI, & R s A DivIVA_RBSO0.1
JFFHIE5IY), @i PCR W77 Ay 3915 2 B v Bt (DiviVA_RBSO0.1-up) HIF i fr Bt
(DivIVA_RBS0.1-down); AT HSMEM PCR M7, KXW Bt & E—ite,
53 Eh & BB ADiviVA_RBS::DivIVA RBS0.1; | BamHI 1 Sall WWE@E@E@AHE‘
ADivIVA RBS::DivIVA_RBS0.1 fll pK18mobsacB ki EATAFE, Fi@Ed T4 EREBEE M
HIERAE L, MR pK18-DivIVA_RBS0.1 B4 Fiki . 5§ F pK18-Rod4_RBS0.1 JFiki,
FAR AR B4 RodA TR UG RBS 751 5 e A S i 58 o 0.1 (1) RBS J7 41
EMS*’JL?‘?EQZZH T YA C. glutamicum S9114 [ FER H AR, Bt K RodA_RBSO0.1
FEHIR G Y, @ik PCR 77 Xy 1843 2] BiE v B (Rod4_RBSO0.1-up) AT i F Bt
(Roa’A_RBSO.l—down); P @ HE M PCR W73, KX B e e —ike, 19
P fk & Bt ARodA_RBS::RodA_RBSO0.1: H BamHI Al Pstl A V) B X fil & F B
ARodA_RBS::Rod4_RBS0.1 #I pK18mobsacB Jii fLgEATAbEE, FiEE T4 BEREm 4 1 # %
BAE—k, ME A pK18-RodA_RBSO0.1 & ik, X1 pK18-WheD_RBSO0.1 Jiiki, HAE
FRAEIERAH ¥ WheD W5 UG RBS 5518 # A sl ih s 2 o 0.1 19 RBS J741. H
kI 77 R 2 BA C. glutamicum S9114 [FI3EFR H NN, Bt Kt 5 WheD_RBS0.1
FEAII 519, @it PCR {7 P 1445 3 107 A Be (WheD RBSO.1-up) 1R i A Bt
(WheD_RBS0.1-down); g HE LM PCR K730, HXWA v BRG7E—it,
55 f@h & F BL AWheD RBS::WheD RBS0.1; i BamHI Al Pstl A 1) i 5 fil & A B
AWheD RBS::WheD RBS0.1 F1 pK18mobsacB JFi kit AT ACFE, FiET T4 R HRE /&
BRI, WEK pK18-WheD RBS0.1 4 ki .

424 FEIHFEHKE
A Pk i B B R AIAERE 4.1 Fr.
VAT B I A HIE, B M BH P v B TR 1 D IR L 2.2 .4

42.5 AR

INERERF IS 2021 RN EHBOER, Za PP REEINE 58 30.5%4F 4t
o 249%VAY4EER, 21.6%ARBIEM 9.7% K5 . BEEEEKAETTIEN, 2.2.5 F12.2.6. 7K
R 45y &8N 101.7 o/L 44, 37.3 g/L A¥E, 0.9 g/L ZFR, 0.003 g/L fEfE
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0.019 g/L 5-F2 F AR . JKARP RIS 773k 1.0 o/L Bkl — &4, 1.0 g/L B A —
B, 0.6 g/L BRIREER 20.0 /L TRIREL -

42.6 PHB K

R IE: M-80 °CUKAE M ELH & A BAR RIS, 78 LB PR BT RIZk, 2
JE BT 30 CRiFRM 1G5 48 /NN o MIGFRIF P AR BRI R & A T & 10 mL
FHEEFREER) 100 mL #EHHF, 76 30°C, 200 rpm HIRRRH 1SR 16 /N, 32356 3 mL b
TWFENEA 30 mL R EZRT IR 250 mL #2JfH, 7 30 °C, 200 rpm IFE R H 4T K
M. FEREEHIE, & 12 /DA IN—E &R 5 M NaOH #75 pH % 7.0,

VN R N T ORI, 4R 3 L RIEE (Biotech-3BG-4, Baoxing
Co., China) FEHTHUKEE. MIEFRUF00-TAR EPRECR BB T 56 10 mL Fh73:9%
B 100 mL #2Hi+, 75 30 °C, 200 rpm FIREIRHEEFE 12 /N, SRJE1% 10% K5 &
FEAh R 80 mL Pl FREFR B HEATY By, GRELREFR 12 /NI S8 BOP PTG IR o TR UG R TERT
¥ 800 mL A ks IR L B FF K MR B 3 L IR BEGE [RS8 it 2 1A Y VR 7]
FHIF BB, G 600 rpm. BN 5M ) NaOH #3575 341 pH 2 7.0, Ff
W R TR R IR P 42 I 7E 30 °Co ARJEKS 80 mL B5FRUF IR TN E A TEGEF, i@t
R IRHEN H 205 ) R G0K pH 2 H17E 7.0,

AR R 1 (035 97 07 ORI B (0 A1 55 77 07 20— 30, S5 id% 72 600 rpm,
BFEHILE 30°C, KEFFUHIT A 5M 1) NaOH K55 7211 pH A 7.0, SRJ530H 25%
M KCHS KR I pH HERFTE 7.00 R EZIEFE P WS IUBE IR B A8 4k, 0k B2 R4 31 30 g/L
IF, Al R EEREF AR 200 mL IR A 500 g/L B % BERHE BN 200 mL ZEFF K fR -

4.2.7 Tk

FRFRE AL, A0 WA FE AN 4 AR B R E WL 2.2.9.
4.2.8 PHB & &=l E J7 %

B 10 mL KB T R R ER S0 mL .08 H, 8000 rpm 2.0 10 704, %k b
i, HHTHEAKBEMRIEE S HRATNEIEOEZRT 60 CCHAF T RIHE (4
24 F| 48 /NI FREX 0.1 g 24 TR T O EFER 5 mL R RE+, WA 1
mL WRIRER, % iR SEIEHE OB . oA R 280 2 T3 K R B
40 43, (5 HARE NI ROSIR, MRE 10 5T, i R A HPX-87H Y (il 43 #fr
# (Bio-rad, Hercules, CA, USA) HJ HPLC (LC-20AD, refractive index detector RID-10A,
Shimadzu, Kyoto, Japan Il & S B2 A1 B & % (U TAR , AT I8 bRy ald i 5 H PHB
2.
429  FUBTAGIN 5 G R L Tk

L) 1 SRR AT 1.5 mL B0, RN 1 mL 2.5% (viv) BT
HEEEM, [Hw 6 /TPl b, [HE 55 EE 2000 rpm 025 1iE, I 0.1 M BR
P ER IRV VE =R, B 4% (viv) 22 5 R [ W PR 2 /et o 52 JE 0.1
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M TR 22 1M ER VRS E = IR o B3 T4 R 48 i FH AR B 5 FE 1) AT K AR 2 o i
KJE AR EAT AR TR 24 /i BT U1 R 3E 5T BT B 40 BRI 40 B i H AR
AT e RIS, [ 8 A 4B A ik g TR (Shanghai, China) #4740 M) v il %
AE S 8% (FEI Tecnai Spirit G2 BioTWIN, FEI, Holland) #%. F T3 kK51 i1 B ds
O R A B o 75 8 — 20 K RN A R T A B, Ak A 1) 4T B 2% T R TR
(Shanghai, China) 317 M E AL I AN K 5 B (GeminiSEM 500, ZEISS, Germany) 41
o

42.10 A2y PHB $#2HL5 GC-MS £ &

B 1omL REERT 50 mL B0, 8000 rpm B0 10 7041, £k bik/EHAEE
TAKTE BRGNP IR, 5 AR AT VR T 18 24 /NIt o B 20 mg 7245 (9T /A 5 PHB
Prdh BT M, TN 2 mL FEE (5 3%ER) 12 mL &4, 100 °C N 6 /M5
ZibRMN. FRRERERERE, MRMBEFMA 1 mL EBTFK, ROEG S 28 EE
B A, AWTEANAEHIRE 0.5 mL FIAE IR SRS 2SR . i ST
it Agilent 6890 GC-MS (Santa Clara, CA, USA) XJFf S HEATRII . A5 €0 3 5 Fr 150 B
N AR kAR 2 80 °C, 158 90 #5; RIS HIE 0.5 °C/s I T2 140 °C; 7
218 0.7 °C/s HITRZ T 42 240 °C, 181 120 70, BE/G PR 2 80 °C. S E N 70 mL/s.

42.11 PHB FEARITH
BT TP BEAAE ) PHB W EE VT LATHE PHB & &, AT

15 x100%
DCW
AR PHB REKEFKH PHB WIIRE, DCW ARFKBER T 40k E .
LT R A BRI ACRE 1 5 B AN A B PHB AR B AT LAHHEE PHB 95, AR
[PHB]xV-[PHB],*V,
[X+G] < Vo-[X+G]xV

PHB ¥ & =

PHB 15% = x100%

NI [PHBIFI[PHBo 73 MR K B T PHB P 280K FE AT UG IR, [X+GAI[X+G]o
I3 AR R BT A A 58] 6 4 ) IR FE R URIR S, VA Vo 23 AR R TR I 2& 4
FRAIHI AR A AR

42,12 BERKEE, RNA #8015 qRT-PCR

MBS TR HPAR b PRECR B VA B2 R T 5 10 mL FR 715325500 100 mL 2, 78
30 °C, 200 rpm HIFERHEEFR 12 /DI, SR 542 10% M 2800 2] 80 mL FprF3 7k
AT, AREERESR 12 NIRRT R SR . 4 80 mL B YUII AR 800 mL &
FidE O RAME IR AR IR, SERAMAHE SR IERFRE) b, £ 3L KEF#ED T
BrFR. EHIEIEN 600 rpm. @I pH R R 5 M ESEALEN, Seae g A
25%ZK) R 5 FREE ) pH R HIE 7.0, FER R BFRER IR BEAEHILE 30 °Co 73 AIHE 6 /NI
8 /NIFL 10 ZNIHAT 12 /N EE EECHS 20 mL HRE T 50 mL B0, 4°CE L2 b



BARE T RFWHA 0L 55 80 Tl
i, JFH PBS WS Y =K, BEJE LRI A R AR R . R I I B AR B T
80 *CUKFE 2 H o

HYCH & B A VR I T TR AR FE R R g R, I3 3 Trizol 3457 & (Invitrogen, Carlsbad, CA,
USA) $EUE 4K P ) 5 RNA . 4R J5 A NanoDrop ND-1000 4 )% % & it (NanoDrop
Technologies Inc., Wilmington, DE, USA) il %€ $& HX 2| ¥/ RNA #f i /£ OD260nm
OD280nm N MROGAE, VAMKRHiE RNA FE&IAiEFREE . $RECEIR) RNA JEIT
ReverTra Ace qPCR RT Master Mix 1 gDNA Remover &7 & (TOYOBO, Osaka, Japan)
W78 cDNA, HT F—2 1) qRT-PCR L5 .

qRT-PCR 56 BT FH 2 1 5102 R FH Primer Premier 5 #k1F, 3&F C. glutamicum 114
FERHAFAT R, BAARFHEK 3.4 Fios. B C. glutamicum 1] 16s IRNA {E NN S 3L A,
% RNA BENZEFIHATIA— LR, B 2722 T 55 A H R A KA & . MXT
Tk FRBECRTET 2.0, TIRME/NTET 0.5 MR, W2 H B2 R RILMNHE
K. qRT-PCR KIS iR F 9 20 pL, HA 4 2 pL ) cDNA, 10 pL ) SYBR Green
Mix (TOYOBO, Osaka, Japan), 6.4 uL )25 -F/KHM EFIE514)% 0.8 uL. qRT-PCR [
RNAEF BN £E 95 CCTUARYE R N 1 738, TEFN B IR A 95 °)CI ML 15 5, 55°C
V15 FP, 72 °CIRME 30 72, JEH 40 X

43 HER5VR

43.1 ARG EE M EEE R PHB A A RPRIRFT I THO1

N TR R AT LEEAR AP 4E R AR R b IR W AR K Hos ™ PHB B MR, AHFFLdk 4%
TR B =R T A R AR R R C. glutamicum GJO1 F1 C.
glutamicum LIO1 AFJ9RIEHT R WK, DO S BR PR IRAT T8 H A B0 O 30 1 W0 i 52
P, HEMBEESMENEE, T2 ar R TESaE. 55—, /s E
R ARHS O RS ARRER T RE TS, EINE G AR 4ERAE R RN IEFKE Ralstonia
eutropha H16 [] PHB & {2 K% phaCAB (H16_RS07135, H16_RS07140,
H16 RS07145) i THE 2B A & PHB M &K E. AT B phaCAB ()
Rik, AWFFRH T HAEE) TR LI phaCAB BN fE, —MENTAMK PH36 J83)
T AR E WIRNER Peftu J33IF . 7E C. glutamicum GJO1 A1 C.
glutamicum LIO1 W, 73 5IH PH36 J5 81 M Peftu J3 31 RI1E phaCAB 2%, ¥ 4 4~
HH PRI FRAE R B IR 3L TPt AT PHB KX EE, SRR 4.5 s, MG R LU
HH, 7E C glutamicum LIO1 H, TR HMFFRIETT A, #EENAZ] PHB AR, %
W] C. glutamicum LIO1 W ZIE5RG A (A @10 RIBE S, AES1EN PHB B4
s 1E C. glutamicum GIO1 W', F PH36 JA 3§ 3Rik phaCAB FERFEAR AN AS 2] PHB
MR R, HHH Peftu JashTRIE phaCAB FE N %A Rkl 2] PHB =4, UWHHTE C.
glutamicum GJO1 W1, Peftu J5 5l F3R1E phaCAB FER %] LIt PHB A S 42
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# 45 PHBAFHHKREREBIFifik

Table 4.5 Screening promoters and producing-strains for more PHB production

Strains Expression methods PHB production (g/L) PHB content (wt%)
C. glutamicum LJO1 PH36-phaCAB 0 0

C. glutamicum 1LJO1 Pefiu-phaCAB 0 0

C. glutamicum GJO1 PH36-phaCAB 0 0

C. glutamicum GJO1 Peftu-phaCAB 0.14+0.01 2.68+0.16

e RERE IR R IR, B3R PRI 60 /L H AT M VE NARIR . K IEAE 250 mL #2 i H ik
17, RIE#ZAERN 30°C, 200 rpm, & 12 /N FHEGEAGARTRTT pH & 7.0,

N VARSI AR E 1) PHB A7 Re /., RINHo8 T 2 5t — B A TR ek
i, FEN phaCAB FENEBEEF] C. glutamicum GIO1 FERH . AWFR— A2 E
¥t phaCAB FENREES R HENH b, HRAN THIRER G, AR KA EHF
VR E BB, SHIAT e B G PORD K2 1 R A, RIAHE Fi e F 2
[FIYREH ) T8, WK phaC, phad R phaB 3E DG 2R AR A R R4 L,
e s | RN A B R AR i LR I S B gm i B K] 1dhA2, VAR M S Bl G 0 5 [R] pdh 11
BRI IIEIEEE MscCG, AWM T BEHE H A% PHB A/ e T A &R
PRARFFE C. glutamicum-AldhAl::xylAB-AldhA2::phaC-Apdh::phaA-AMscCG::phaB, i %N
C. glutamicum JHO1 o X HIEHEF b F KR IE LA R IRAT B A 5E R 4B 5l phaCAB
BRI o DSOS BRI ARG TR A 1 G BRI R R I BE 7R b, Al PHB 4B Re ),
gERWK 4.6 . MBS RATULEH, C glutamicum JHO1 T8 A& 755 %) HE R IR L0
FRAEARRES A, #AT LA PHB, X AR EM &R R A, B8 PHB &8 bW
BRI BE s, HR WA A & — M, 3 PHB P RI8 MK MAEARREESFRE,
EIR PHB & & 5T E W LEIRAL, HERFEEEEMR G, (13 IR v, PHB
7 R ST B o B AR E M P o e RIS, —— 00 2 e o TRl e b R A A R 7 A B il
NADPH, 335 4 FH A & fE N 7= 26 (1) NADPH B %, IXSEiRE AN PHB 14 i d
VIR, WO A R EE RSV P& AR 1R, T BURIEE 2 R A Y S
Beo A HAKERS, Mi NADPH fERi/b, G SURys e 22 Mt 1a) 40 i) A=

# 4.6 C. glutamicum JHO1 F| B EHEEARELTZ PHB
Table 4.6 PHB production of C. glutamicum JHO1 from glucose or xylose

Carbon source Dry cell weight (g/L) PHB titer (g/L) PHB content (wt%)
Glucose 8.36 £ 0.33 0.33£0.02 3.92+0.14
Xylose 17.60 £ 0.87 0.51+£0.07 2.91+0.57

T KR FREL R T i BT RN A TR, KIEAE 250 mL R #E4T, 8597564148 30 °C, 200
pm, & 12 /N 5 M ) NaOH 555953510 pH £ 7.0,
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432 EIESEEM GC-MS HiALN PHB 477

ZHTDUE My PHB 175 52 8 0 STk HRbolE 1 53, BT 5 B0 TR Ak 5 R 1 A
RA, (e KM AT RS, HBAEWM&m@mﬁﬁ?&ﬁiﬁE%&,LL
HPLC 7€ 2SRRI & Bkt 5 PHB (& . (Ha2X X2 PHB IEHENE, AT
~*ﬁﬁ@?4&$ﬁm&ﬁiﬁnmkﬁﬁ7wﬁﬁ%%ﬁmm,m%m@41%
Ne MWEERATLLEH, Bk b, KMo AN#SE PHB Bk, /80 A
PHB Fikir=4 (B 4.1E); B L, & PHB PRI EA1H PHB & & L HA7LE
WRKMESR, AN R &6 KL 10%K PHB (K 4.1 B, F), AR4IAKRAEH
50%f) PHB (K 4.1D, G, H), AN ENM PHB 74 b4 (K 4.1A, C,
D. K4, PHB FORi#RSE R AR —M, X T —a TR g, &
T PHB RIOKL ) 73 AT A BT AN, R 7015 Dl & PHB R0RLEE Hh 7 248 i g Je 1) — U
W, T 55— PHB RORL 73 A0, 125 W/ B 53 %8m0 24H 0 44 o o IS £ 798 A0 48
A PHB BURL[ 7347, 3X Ui B4 M & 1) PHB 72 S IR B P 22

B 4.1 BUEE C glutamicum JHO1 ﬁﬁf EE%E
Fig. 4.1 The TEM of the C. glutamicum JHO1
e B E ACK 5000 fEr4iE K, B A, B, C, D, F, G, H, IJ980K 10000 %148 i)
Fr &l

B 7 d U B AR 1) PHB 3T BRI, AHIF 7 368 i ST A i x
FEEUH PHB i 73— i@ 4, # PHB br S AR BEAS 2 PHB P42 i Btk [z
N JE R 3-F2 5 T B R, HEAT GC-MS faill 7 #r, i 4.2 B, KL PHB 5 bt Y
P L SR P S U BT ) 0 5 T2 7 D R T A s I A0 D S D ] 5 4 — B, i — 2B Ui R
B2 r= b2 PHB, A&7 A I 4407 Bk
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Bl 4.2 GC-MS 3T KB4 PHB #x & RIEEAL & N4
Fig. 4.2 The GC-MS analysis of fermentation production and pure PHB

. FROUIIEDY PHB b dh IBRALYIE, 15 0108 R B P MK B AL 0

433 R TRESOER S EHREK JHOL 1) PHB /7 &
N T PR E A R JTHOL 1) PHB /=&, AR FREL T — R A TN
W, Wl 4.3 Fos, FESRNUUT LA TH:

(D 5@4k PHB B4 k2. PHB & RIREHONM R, N BHEHEE A &6 PHB
R R B 3 BN, B phad FE R Gt - B A B 1 A0 5 2 7 1) L R4 A 4
B3 F IO EEEE A LU phaB SRRt 1) 21 2 BERHRE A &R B
LT TR A B 3-8 T WAHEE A 55 1 phaC ZER 51 PHA &G fEN 2
AN 3-REE T R4S A 45 5 T2 PHB. 15 ZTh4HEE A (LN 78 R INEHE T, 3958 phad,
phaB 1 phaC BRI F)RIE T gE et PHB 1477, REEARB AL C. glutamicum JHO1
rhod i iR A3 )i SRk =AM, 3R1§ T JHO1-pPefiu-phad, JHO1-pPeftu-phaB I
JHO1-pPefiu-phaC = A~ FHEH Ik

(1D $E5a4#Es NADPH FA4: . PHB & UNSE 2 N, phaB F:R bS5
T4 A G0 SR E — A~ NADPH AR08 ()38 JR g, (R U 3 20 s A 7E & i PHB [ f2
SHFEKE R NADPH, X982 520 i N (4B F 4, 530 NADPH AN 2 . AHT
FLFE T =ANEED, 4 il ok B AL R & RERR AT B DSM2003 1) SGDH £EH, Fsk EH
KB BL21 () PntAB A udhA 558, AT 180T LA AL NADPH 1) P28 OB, 380 A
W EF NADPH HIfE4s . RIS AH FAE C. glutamicum JHO1 A i J5ok 43 1) i ik = A
RN, K15 7 JHO1-pPefiu-SGDH, JHO1-pPefiu-PntAB 1 JHO1-pPeftu-udhA =/ BE4H H
o

(ID BN BERT K 2B A (5 . 2Bt A 24 PHB fix 5 5 (1 i 44
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i, RERN OB A PR R AT RS (et PHB M2E= . [FIR CBEHIEE A b T8
AR RAT N e, ke BERZ 0 kR, tHRIACLR LA
femu N CAHEE A EER: (1D BEIMAEIR 2 L B4R A &K, Tk Rk
aceE JEK (CGS9114_RS10055), 3R1FHE L F ik JHO1-pPefiu-aceE, aceE 55 %t P4 i
FRIEEE B1 2%, ot AL B ER A i SR A (2) Wb A AR A 2 4R T
B, TTEERRIE ack FEPR (CGS9114 RS00465), 345 H 4 ¥k JHO1-Aack::araE,
ack FE N Gmith TR ESHE, 1AL ZTEBER A R AR, I Fl bR ack FE K m LABE T 2, Bk 4 i
A B ZRINA g2, BTtk LBEEE A RRR, FEREEN T AR IEE A
I gmiSEEK araE (B21_RS14040), MMREEANTT AR HEZ; (3) B> LW 4HE
A HEN TCA TR AR, iRk o-BH K BRI EHE E1 W53 R odhd

(CGS9114 _RS03450) HyFKiZk, KAHEME M JHO1-0dhd RBSO.1, 554t odhA WKL
RGN TCA PRI RIIEIE S, k> 2 We4HEE A 3EN TCA &I AR

(4) P> CIRARE A BIRRITRR & R, TR RIX fasR £

(CGS9114 RS11820), #RFELAF Kk JTHO1-pPeftu-fasR, fasR FEF g — s v i
T, BB LB A BRALEF (accBC. accD1) HINEME, 1 ZH4HEF A FRALES
M OGS A & RN B A B OCHEEE,  LUE PR PR S ORI 2 B A
FIR TR )& B o

K b N ZAST7 TR A5 210 ) B 2H B PRAE R R AT R BRI, RIS S
KL C. glutamicum JHO1 VX BB E K, Z5RWNE 4.4 s, MEERTTLLEH: (1D
55 PHB A 2 S BEREA R IA X PHB AR =G I B R EHER, ERIE phad,
phaB F1 phaC F:PRIGT-42 15 PHB K& &R B RIIMIR, 254 PHB & &35
T 73%, 95%H1 97%, 1 BT wAA R A K EA MEIER, FkE7S PHB ) &t A
TAHRL B R (20 SRmHTR S MEAHEE A B ELRIN T PHB A F= [ R2 sy, Toi 2 fe
B2 A (AR GEFRIE aceE R B0/ 2 BB A 0K GERIA fasR
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Fig. 4.3 Metabolic engineering strategies for increasing intracellular PHB production of C. glutamicum
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Fig. 44 Increasing PHB production of C. glutamicum JHO1 by metabolic engineering: (a) PHB
production; (b) PHB content
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phaC(STQK): (a) PHB production; (b) PHB content; (c) DCW
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(II) Fermentation of C. glutamicum JHO2 by membrane-located expression of PHA synthase

(a) PHB production (b) PHB content
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(IIT) Fluorescence microscopy of the JHO2-Peftumob, JH02-Peftu-(Ncgl)phaC(gfp) and JHO2-

Peftu-(porB)phaC(gfp)
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Fig. 4.6 Increasing PHB production of C. glutamicum JH0O2 by membrane-located expression of PHA
synthase: (I) Diagram; (II) Fermentation comparison; (III) Fluorescence microscopy.

e RIEREFREE I T WA BT N A TR, KIBLE 250 mL #EI P dEAT, #5975 30 °C,
200 rpm, & 12 /N 5 M ) NaOH 85557535 1) pH £ 7.0
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Fig4.7 Increasing PHB production of the C. glutamicum JH02 by overexpression of genes involved in
cell growth and division: (a) PHB production; (b) PHB content; (c) DCW
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Fig. 4.8 Increasing PHB production of the C. glutamicum JHO2 by attenuation of genes involved in cell
growth and division: (a) PHB production; (b) PHB content
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Fig. 4.9 Explorating the influence of C/N ratio on C. glutamicum JHO2 for cell growth and PHB
production: (a) PHB production; (b) PHB content; (c) DCW; (d) Yield
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Fig. 4.10 Detecting the influence of different pH neutralizer on PHB production: (a) PHB production; (b)
PHB content
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Sedoheptulgse 7-P

Glyceraldehyde 3-P
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(19.90+0.61) sdh . NADH -/ kgd (25.1010.54)
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B 411 *FREIEEMLT C glutamicum JHO2 KFEF E#EFKF55 671

Fig. 4.11 Genes transcription level analysis of C. glutamicum JHO2 in supplementary nitrogen condition
e AR AR AR IR, SCRA M E SRR IR, W7 R TR N AR, fE3 LK
PR SR AR, RIS N 30 °C, 600 rpm, 1.4 VVM, pH {R4F7E 7.0, KEEHAT 12 /N, 2065
FonmE FFRIANER, BORRERRIEINEZERIERE,
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437 HRIGFREER A" PHB

N TR U T ARTE R B RE R AE S PHB IIPERE, A/NTEEA S RE JTHO2-
pPeftumob MK PHB 7 & fx m I B80&E B Ak JHO2-pPeftu-(NeglphaC A1 JHO2-pPefiu-
(porB)phaC 156 B TR AT AR K BEXTEE, S5 R WE] 4.12 Fros. MOREZSS BT
DAF HH, =R TP P 40 M A RO ) P s 22 7 T 22 s, X IR TR AR 1Y) PHB 5 804 28.1
wt%, PHB F=& A 12.9 g/L; tis ##k THO2-pPeftu-(Negl)phaC 1) PHB & &4 32.1 wt%,
PHB &N 151 g/L, S5XHEARLL AT 14.2%H 17.1%; S0&EH JHO2-pPefiu-
(porB)phaC (] PHB & &4 32.0%, PHB F=&N 15.5 g/L, 5XFHEAH L 3T 13.9%F0
20.2%, PHB 153% 4 6.4%. L 45 R Ui I SO&E PR Y PHB F= & & 50 A A
ERTr, (HRRTHIRE SR i SE i 45 RAFAE — € 280, HED ] 525 FH i = & in
BERFR AT R DL THO2 AR BN A5 th & i R 56 F, AR il & Bt B ik
RGP BI6AT, I BRI SR B R I 2 A A W E 52 m, RIS/ 70 IR B ik
HuEwik 2 M ER . Ha25 T CHRE R S LR EIRIT S PHB 145 R AH
b, AWFFRSEEl T AR BEIRAT AR P PHB Wik iEdr, H PHB P“&#IFE K, JLF
I FERF R AR NMIER (K47,

20 q(a) PHB production  —6-JH02-pPeftumob 40 7(b) PHB content —©-JHO02-pPeftumob
1 —A-JHO02-pPeftu-(porB)phaC I —A-JHO02-pPeftu-(porB)phaC
= ] 1 —&-JHO02-pPeftu-(Ncgl)phaC v
315 1 $ 30 1
c ] 2 ]
S = ]
o 4 c ]
3107 £ 20
o ] o
<% i &'3’ ]
[aa] 1 J
E 5 ] E 10 ]
0R 0 . . : .
0 24 48 72 96
Time (h) Time (h)
70 3 (c) DCW —6-JH02-pPeftumob 160 1 (d) Glucose -~ JHO02-pPeftumob
60 —A—JHO02-pPeftu-(porB)phaC —A—JHO2-pPeftu-(porB)phaC
-(Ncgl)phaC A -8-JHO02-pPeftu-(Ncgl)phaC
50 120 5§
) g ]
340 2 ]
o 80 4
3 30 g 1
[a] =] 1
20 O 4]
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Y 01 . . | .
0 24 48 72 96
Time (h) Time (h)

B 412 BUSEKRA A G REFFEA R A B A PHB

Fig. 4.12 PHB production of engineering strains in synthetic medium by fed-batch fermentation: (a) PHB
production; (b) PHB content; (c) DCW; (d) glucose

e B RIER IR I T MR TTEN B TR . 1E 3 L RIREIATANRILR B, RSN
30°C, 600 rpm, 1.4VVM (HEAKZERFKESES 0.5 VVM), HZ/KIET pH N 7.0, Kt
1T 96 /NI, B 24 /NI RMIT— 78 B 400 g/L A R B A 455 77 2 B e ) IR FE IR B 5 /L, % 24
/INIERNIIT 200 mL YK 500 /L FRI I % 8% .
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R 47 BHIEHERA RS ERERTE KB PHB K4 RILE
Table 4.7 Summary of the reported results of PHB production by C. glutamicum

Titer (g/L) | Content (Wt%) | Yield (g/g glucose) X100% | Feedstock | Sources
2.8 22.5 4.7 Glucose [233]
52.5 - Glucose [234]
- 36.0 - Glucose [235]
1.7 19.0 2.8 Glucose [236]
0.4 6.4 0.9 Starch [237]
0.2 22 0.3 Glucose [238]
1.0 12.1 1.3 Glucose [238]
15.5 32.0 6.4 Glucose This study

4.3.8 ZFA/KIEBRRK A" PHB

N T IR B B RRAE B SRR ) PHB AR RE, AN A S EE R
JHO2-pPeftumob Al FRE S B kk THO2-pPeftu-(Negl)phaC A1 THO2-pPeftu-(porB)phaC £
TR AT A MR BEXS L, 45 SR 4.13 Fion . MWREESS IRATLUE H, 6 R
Bk JHO2-pPefiumob 7] LA 6.9 g/L ] PHB, PHB & & AT HE 1) 24.8 wt%; BUE @
Pk THO2-pPefiu-(Ncgl)phaC 1] LIAEF7 16.2 g/L ) PHB, PHB & & 41 il T FE 1) 39.0 wt%,
St IEAHEL 2 B4R TF 134.8%A1 57.3%, PHB %N 13.2%; MU&HEL JHO2-pPefiu-
(porB)phaC ] LLAEF= 7.8 ¢/L ) PHB, PHB & & AZIM T HE 1 26.4 wt%, 5% HEAH E 4>
FFRETE 11.5%A01 6.5%. PL_E45 R0 0H THO2-Pefiu-(NeglphaC s A 1E 2 FF /K R4 55
A7 PHB. i X Fhh B (0 JE R AT fE 2 Negl 205 S K K #82r PHA A& AL 7EjY
N, DRtk PHA G EEEONSE, SIS0 /N . T PorB 40 M 22 A1 & 7~ 2 I 7T BERs
KEBsr PHA SEEZTEAE T YUMIEAL, DR e K SRR 15 A A7 () S5 e U0 P T i 2 A
KM 2 & LAY PHA S BERITE 1, S30 PHB P2 2K

55 B T CARIE R FH B SRR 4R 4 R AE 7= PHB BT FEAHLE (Cesario 55 N KA £F
YR REROIAT = BEZS R4, #FeReER, AESHGX I, BIbEASIH) 220, 41
R 4.8 Fivn. MXTLEEE AT LLE HH, CHRIE HFFLER & R R AR AT LARL 2 PHB 1 B ikt
TR, PFTCAIXECSTR AR PHB & &85, (HAgix Bt 7o fd F Ao - 4k 27K B o b
WP G, AR E D o IXR DR DI G T R o A o 21 4 25 A % v PR P i 52 1R 2
7, DR M O AP 8 A4 A3 SR P 58 4 59 ) UL B 7 92 ORGATIAR AT AE P AL 1D, Bl
A EE 7k (B DE . B AT S UE PR IR ) SR S R M e . H 2 i LY
M — 7 R0 T AR R A4 R R AR, 5k B RS TET M 55— T IX Ly
TRFAR T AP A 2 35 ] R R R FH 26, HI95 TR 4 R AT w4 /1. AT Fi
— AN SZANHI AR B IERFEIRAT B Ok, IS A AR R T, (RS R R A IR
& PHB A/~ B84%, 49 31 0 oo B vk mT DURFH v [ 2 B AR 5T 21 4 35 K AR idE A7 R IR A
PEREIR L PHB,  SEBL T BCSEAC R £F 4k R /K A 72 PHB B =i 4R A
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Fig. 4.13 PHB production of engineering strains in wheat straw hydrolysate by fed-batch fermentation:
(a) PHB production; (b) PHB content; (¢) DCW; (d) glucose; (¢) xylose

e FFPKIRR I H R UM RV E N TR . T8 3 L RIS T AR R %, RSN
30°C, 600 rpm, 1.4VVM, FZUKET pH N 7.0, KEEHAT 72 /N, M 24 /NFIFUREE 12 /N
M 200 mL ZEFT /K ARV o
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Table 4.8 Summary of the reported results of PHB production from lignocellulose biomass

Producing strain Carbon source Pretreatment and detoxification DCW (g/L) Content (wt %) Titer (g/L)  Sources

Azotobacter beijerinickii Coir pitch Autoclave 5.0 48.0 2.4 [251]
(Glucose)

Burkholderia cepacia Wood hydrolysate Acid pretreatment; 17.0 51.4 8.7 [252]
(Xylose) Membrane filtration

Ralstonia eutropha Bagasse hydrolysate Acid pretreatment; 6.0 65.0 3.9 [188]
(Glucose)

Bacillus megaterium Oil palm empty fruit bunch Alkaline pretreatment 24.2 51.6 12.5 [253]
(Glucose and xylose)

Burkholderia cepacia Bagasse hydrolysate Acid pretreatment; 4.4 53.0 2.3 [254]
(Glucose and xylose) Overliming and activated carbon

Burkholderia sacchari Bagasse hydrolysate Acid pretreatment; 4.4 62.0 2.7 [254]
(Glucose and xylose) Overliming and activated carbon

Ralstonia eutropha Water hyacinth hydrolysates  Acid pretreatment; 12.0 58.3 7.0 [255]
(Glucose) Overliming and activated carbon

Bacillus thuringiensis Bagasse hydrolysate Acid pretreatment; 10.6 39.6 4.2 [256]
(Glucose) Overliming

Ralstonia eutropha Wheat bran hydrolysate Alkaline pretreatment 24.5 62.5 14.8 [257]
(Glucose)

Ralstonia eutropha Sunflower stalk hydrolysate ~ Hydrothermal treatment 11.0 72.5 7.9 [258]
(Glucose and xylose)

Bacillus megaterium Corn husk hydrolysate Biologically pretreated 1.7 57.8 1.0 [259]
(Glucose and xylose)

Paracoccus sp Corn stover Alkaline pretreatment 14.8 72.0 9.7 [260]
(Glucose and xylose)

Corynebacterium glutamicum  Wheat straw hydrolysate Acid pretreatment; 41.6 39.0 16.2 This study

(Glucose and xylose)

Bio-detoxification




LRI KPS %100 7

4.4 KENG

ATE AT NG BTG B AT UR A ) A AR, O R s i A 2 R C
glutamicum GJO1 K, W& AEYFRT7, EHEKY 5N T PHB &S, I
EXT PHB AR5 1€ AR RIS, B 28405 B o808 TR AR AN LI T 4 2 B IR AT 1
A7 PHB W 48 hs, ESEIL 7 B SOR A4 R4k R4 PHB W =i fabn. A& F %
TR 7oy (I

(1) BRERAEF=WHIK C. glutamicum GIO1 LU R A WAk C. glutamicum 1LJO1 5
EEAE AT PHB K K EK, F Peftu JA 51315 KA Z IKE K] phaCAB J:F 7] LLAH
HAHAWMHA AER PHB 47768/, I HAEH phaCAB HER P RE 2 ENA Eis, 7]
PLERAS—HRAs e 427" PHB MR PE C. glutamicum JHO1 .

QA A2 T IEX C. glutamicum JHOL ) PHB A2 P2 14 58347 7€ M4,
KU PHB & BUHTA S FRAHEE A I t4s 782, T 32 ZRRIE R RIFE T PHB & B 48 X
S R

(3) EBRRREIRAT Bl RS &3R5 PHA SREMJ7ERT LUIE = PHA A EEH
FaENE, BRI S PHB A,

(4) XA IR ARAT T8 40 70 AN S AR R JE BRI AT I ek sl g Ak Ik, AR 4
PR S B2 M 00, H e iad 3 3 3 2 25 DR 0 48 Jf A K A PHB AE 7 — &8 B AR
1M 954 R IX LEFE RN PHB B4 7 52 870N 6

(5) FEMARBINEXNT C. glutamicum JHO2 ] PHB A= HONEE, A G
B E e EAA K THER, FRK PHB 07758 M2 B 0 S K 2 3] g4 i A=
KA PHB #12, HRAAMBIMEN 45 g/L N fi&i & C. glutamicum JHO2 47 PHB. X2
Bl ) e g KB AT o0 b, R A G AT DA BE s AR B A RE A T
A=A PHB & BAH R IRk, A T2 #E 1 AR A2 A0 PHB 427

(6) FRZAAT N E A A T RARRA B 7T LU & s 77 58427 15.5 ¢/L B PHB,
PHB & BV T E 1 32.0 wt%o, & H AT A& IRBIRAT 7 47 PHB [ =g b
FA A R P AT T RT DAR R/ INZE RS R K i 7= 16.2 ¢/L 1) PHB, PHB & & V4R
T 39.0 wi%, & H T E AR BLF4E R 4K R 2L PHB IR = b5
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FE NABNMYHUHGZRERSEHNAERERTANKRAERTLHRE
HIFIHER

51 3|8

5 T RONIEE =R A RS AR P ARRE A e s R A R ) AR AR, (HE
FH & A A 7R AR A R T RIS, I 1 AHE R FH I 38, B =) ek
DHIILR o« BIEAWT FEHEN HEAL 5 A AR ORI, 4 REIk b AL Y H bR, 48 2 AT 2
PR HRAN AN A AR R AL O A0 B A, DRI s R REAG S I R S8 1 4 Z IR AR 2 IR )
A7 9 T UESESRATTAOHED, 31X BLHA T 35 LA S AL T T BEBR AT TR AT U R, e ] DL
AW A SO N O RETR , RIS A A A e ik pe i, AL R A2 — b AR AR 7 i o %)
SAU T e R IR T R 4778 S A LR UE FRAT T AR 2 15 T

Gluconobacter oxydans 72 & T EE R W R — M 22 IR R, 22— ML FRAEA
DNFEAR P IR T o 4801 81 2] W TR AT T 200 A P 7 2 0 it S AN A P DK 6 e W e A Oy
HE IR, IE AT DUREARRE AL N ARRERR, R FURER ALY FURERR R H S B A B
A0 R S R T N BT R A R 261262, ik e WE R A AL S TE &, 20 R SRS AT
ORI EEEHRS29), G oxydans 77850 R AR AL 2 b 1) &Pk, TR 2
FAONF N HIRERR , 152 G. oxydans fERI AR &I MEDRIE ORKE, L2LbE, HERE, B
FLAEHE D I A A T3 R AR P00), SRR 2 A T AR ER A I P B 20 B A D9 A LR R
PRI BN [a], 7 B AR 1 AR 7= R R 20T

— FEAG PR R i SR T R R T B O B B AR . — PR R A A AL
W75, ABERXAP kT EE R E AR, IXRE A AN 7T Ji G MG 0 1 248 e 5% 5 ATISC B B ok
ARDO82690 58 — M7 iR ST G IR A DR R S PR I ) S B, BE TR e B R AL R
HEERMARBA TR R T, ENIEFNTTER REREH, &S TR 44t
AR RHIE RN, R R A 3 AN ) A B A A i T Qiu AE K — R
Z00d & Ja W] DA AR (0 2L P BRI 5 A AR 55 R 3 TR 3t 4T 1 27 KA@Mt
TR, RDIHBAL T A HIACHE A FH I 5 i 17 10 £5127. Wang &8 \K— k&5 Biu& i)
AP I B AT Y] 0 & R AL RS 5%, B4R BB AT A P i R i v 1 4.2 AP X
LRI 5T W W A 1A e — 8 e Bl A W e A R A R85

G. oxydans W] LLREA T T 4E 22 mH 055 Rl 5% A0 A LIRS, (ELR HLT 348 26 B ik
PRI AR IR . AT R A Bl N HEAG I T 7%, 6 S8 1 6 R AT B E 7K R
BEAT AN IARARE 7, RN O 7320 52 i oM T K BA R & R, AR A IR Y
AR T — AU TN K R RGIEAT B 5%, T AR & S0P B 7K A G3E AT B
FEHIRME . G. oxydans FERXFEHI R IR P HEAT 1Kk 420 REE PR, RALGH)
KB FR G. oxydans RMT X TR FACE R B 2558w . 3t — 0 UBGE AL iR AR A0 i
AR 2B (mGDHD H)JE R FP A 3K, &I mGDH W 5K T 2%
B, X T BE AL R TR AN RE A ARG N ) - R R . ASHIE FE AR R R I DR R AE R T T 4
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2R IR AR A T — T R S

52 MHE5HE

521 ARFA4ER R

FORFER A 2015 FRKEE, MNSH B IX N EE /R EWOER . BT RFH 2
RS, BRI EAAN 10 ZKEIF AT IR 4, 0 0 5 RS AT B e ad KRR 22 L,
AP ERER, /E 105 CHET 2 HH 5 RAFES A R BRHE & H . i3 NREL 1
W5 BRI INAS oK FEAT 5 35.4% M2 4 A 24.6% LT 4k 5 .

5.2.2  BEgFfL )
2o 2 AL 2R PR IE S g W 2.2.2.

523 KRR IR

SEAL I E PERRAT 8 Gluconobacter oxydans DSM 2003 & M FE A48 Hi 7 f 4 [ i 2E
PIeE R fRsE L (DSMZ) TESER . PG s IR B R R

FhFE:FEIESH 80.0 /L 1LALEE, 10.0 o/L FERESEELY, 1.5 /L MR &4, 1.5g/L
BREREAN 0.5 g/L LK SR,

RIERG IR 40.0 g/L &I (BORKHE. BTRApE. I, HERD, 10.0 gL
FERFEELY), 1.5 /L WElE 80, 1.5 o/L BRBRAAN 0.5 g/L LK & iifREE .

W HE kY HU5E Amorphotheca resinae ZN1 FRIE ARG FRIE N, 2.2.1.

524 AWEHIE R
FORFEFT A FAL R, A=V s ANEE K AR 5 /N RS AT AL B R], I 2.2.6.

525 @M

AR R R AT A (00 I M A 2 0 I TR A PR () K BRI 1
IR R BEAT AW R R IRk e . B AR R W R 7E 100 mL BIRE A MA 20 mL
ANE IRV AR, A 2T BB B M B S I K, 7E 30 °C,
220 rpm MIZEAE FEEFR 24 /NI SRS EEFRIFINRAR LA 10% (viv) 3R &0 N 23T
5 ) AT A D B KRR R, AEARE ) SR T R 24 /NI o BEFR I I TR A TR (R
[ Hph & PN BN S 3P0 /K B, Qb B PR AR AN I AR, — ISR IR T 420
Ko BFREERERE, KBTI 0.16 g CaCOs ¥ pH fR4F1E 5-6 2 ], B 34 Vi1
R & B IR K R R BAR L 2 W0 54.5 /L Wi %M, 23.5 g/L A¥E, 3.2 gL &
2, 0.3 g/L MEEEAN 0.2 /L 5-¥2 MRS (HMF). 34 ¥R a8 F 0 & 4 JH K
R BARH 0 R 62.9 o/L HiziHE, 29.7 /L K¥E, 62g/L 41, 0.2g/L kA 0.2
g/L HMF. A& MG K i BARA 2R 67.2 ¢/L #iEHE, 21.8 g/L AHEF 0.6
g/L LR

52.6 WHEKE
M-80 °CUKFE B — 25 A 2 mL EALE & BRI AT B A, FEBRMIEGE,
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A E R E RTINS A 20 mL FiF5: 7220 100 mL 82X, 7E 30 °C, 220 rpm
MI2AF FREFR 15 /DB . FERRI T REERT, R Tl IR 10% M EIMA S 45
mL KR 250 mL #HF, 7E 30 °C, 220 rpm FI45H N A BE 72 /N o 76 R B R,
6 /BT 5 M NaOH 715 pH Y5 [ & 5-6 2 [H].

TEAEW) IR B3 AT RIS, B o T B A AL BE AN 25 5 1) FORAE AT 4% 30%
S BN BI A  Sge T, %08 2.2.6 TR BB K AR TR I 4T 4 K B HEAT K SR
SN 48 /NI, ARG R AR RN 2.5 L FOKFEFHEAGEE F KOS W R e # 22 5 L AR I B
B, BRI SRR TR 5% (viv) MM ERINBI A RN 2t . 7EiR %
N 35°C, WA EN 1.0vwm, F#A 500 rpm FISELE N R 72 /N, RIEEEFEFH 5M
NaOH 4i#F pH 1£ 4.8.

527 MrITik

A SZIG AR HPX-87P B €63/ #7#: (Bio-rad, Hercules, CA, USA) ) HPLC (LC-
20AD, refractive index detector RID-10A, Shimadzu, Kyoto, Japan) K434l & £5 77 5 A 1)
BAPEE, GFE D-H#&PE, D-ARHE, D-EIBE, L-BURiasin D-HEasl, IE R i
TRFFAE 80°C, M HIMBNAE KK, WIEA 0.6 mL/min, B4 L-FlHifiThE A0 D-H &
R ) S WIS (AR ), P DAAS B0 9 2 IR P 5 A — A BEAT T 5

RIEP=) P 8) D- & BER AT D-ARWEIR A HCH HPX-87H Bk /it (Biorad,
Hercules, CA, USA) ] HPLC (LC-20AT, UV/VIS detector SPD-20A, Shimadzu, Kyoto,
Japan) #EAT /M HTINGE, AHIRIEHIZE 55 °C, WA 5 mM BilR, miE N 0.4 mL/min,
KBSy 210 nme KB i HARBE R (D-2F3UHERR, D-H B M A LRy hi{rbd
f2) HZMA MY LC-MS 6120 BUAll#% (Santa Clara, California, USA) 12548 1200
B HPLC 34T 70 Bl 5 « Euil AR FH ) & Zorbax Eclipse XDB-C18 R (1 /- #r 4% . ish
P FRIER], A RIZH] 10 mM HERITIIA, B ZZ42H ZHEHIIIA, AR sIAHLE
TG BL 80% 10 mM FHERAT 20% Z M5 I LA &, IiEIZHIAE 0.6 mL/min. s
HEARIE RIS RIS . CHEEINEL B ATFAR ) 20%, 1E 4 7350 9 SN2 90%, fREF
4 738, BEAELE 2 R NI E] 20%, JFOREF 3 0.

52.8 BEARILEE, RNA $#2H5 qRT-PCR

M-80 °CUKAFE H HUH & A LB AR IR A, R G 28NS 20 mL #1355
FRHENT 100 mL FEfEH, 7E 30 °C, 220 rpm [IZAF NEGFR 24 /NI . B AT % IR
10% R EIAN & 50 mL RKEEE;FR3EM 250 mL 24, A 5 M NaOH W Ti#]4h
pH 4 5-6 Z[f], 7£30°C, 220 rpm HIZ&ME T 4085557 16 /M. W35G IR R 2
50mL B0, FEFA AR 4 CRIESOHLF, 8000 rpm B0 5 7308t BS.O 5 2k BEM
WAREE AL, FELRD N A AR B AR . R LT () R A4 B T-80 °CUKFE 25 FH .

RNA 21 qQRT-PCR SZ46 598 W, 3.2.12.qRT-PCR S5 fT FH 1) 51 42 F1 F] Primer
Premier 5 %4, 27T G. oxydans W FAFAT R, BAEFHIWER 5.1 Fis. UL G
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oxydans 1] 16s IRNA /E NN ZEE R, X RNA B8 ZF I TIH— 1 AbEE,

# 5.1 RT-qPCR ERFTAGIY
Table 5.1 Primers used for RT-qPCR

Genes Genes locus Forward and reverse primer sequences (5’-3’)

16S rRNA GOX _RS02270 CACTTTCAGGTGGGCACTC
GTCACCGCCATTGTAGCAC

mGDH GOX _RS02475 GGAATGTTCGAGTGGGGT
TACCCTTGGCGTCCTTTT

52.9 FEFIZ DNA $2HL, Sk [R5 5 3L R

M-80 CCUKFE HHUH & A LI M AR VRAFE A5 WA G B 100 uL IIA S 5 mL b
TEFREM 15 mL &, 78 30°C, 220 rpm IR FREEFE 24 /N B O UCEE B 1A,
$2%5 {8 H TIANamp Bacterial DNA Kit (Tiangen Biotech, Beijing, China) &3 b {25 1) 5 [X]
0 DNA. $EUEIf{SE K] DNA JTE-20 °CUKFE AR % .

N7 R H R LIRS TR S KA T ERERAE, ARt T g T
WEHEE B PR IERIE R 31 LS A, a0k 2.2 Fras . BRI R R SR A 50 uL,
HA G5 1 pl B2 K 41 DNA, 22 pul 1Y 25 7K, 25 uL ) Prime STAR MAX (TAKARA,
Japan) F1 L FUE5I4045 1 ul. EFYE PCR R NP E TR : 7E 95 CCHIAR M [ I
5 rEl, BRI ERA 95 °CI L 30 F2, 55°CKRS 30 B, 72°CKRL 3 43, fEH 30
R, BJGAE 72 °CAREE RN 10 7381 33545 210 H 89 7 Be 1 35 75 A ] (Shanghai, China)
HEAT IR . {8 BPROM 21 (http://www.softberry.com/berry.phtml) %} 3 K] J5 2l F
[1-35 X A1-10 X FEAT T

®52 ERYHEHAHIY

Table 5.2 Primers used for gene amplification

Genes Genes locus Forward and reverse primer sequences (5°-3")
mGDH GOX RS02475 ACTGCTTGATTGTCTTCGC
TCATTTCTGATCGGGCAG
53 HZR5WR

5.3.1 SAALHIEFERR AT B DSM 2003 HLBE SR EC I RE /15 &
RIFAYERT GG RERLTYER, IEA 5L 40%H 2048 R, AL
YR BB EUHEANE, BT frop, b, HEmSSEmrE. A K E G oxydans
DSM 2003 X J-iX Lo -4 & IR BRI I RE /0, B B RR 73 ) 15 R A8 RS A A (BRT i
B, FAWE, HERHD E IR KB IR EE 77 72 /NI, HEREANGE M AR K 2
W 5.1 fizs. MHEFERIZE T LE ], G. oxydans DSM 2003 ] FH ACHE 138 3 B s F1)H
BT AFT R AT ZLRE AR AR AL, W8 T ACHE A A A H B R R M R A 18, e



R IT KM LML 55 105 T
72 /N B 40 o/l HERME SR AFER . MR K IR TUUFH, G. oxydans DSM
2003 FIH CUBE CEFUR . H R I i A K s f i KRB SR TR F IR Ok
BEL BTRAARE BT, BAR G. oxydans DSM 2003 it i3 2 bl () FH 3ok 28 A5 i 22
5, ARSRASLIGUIN G. oxydans DSM 2003 T LA A5 £F- 4k 25 h 1) 4 F SR 2 4 AT
K, RO LA A TR 2T 24 25 A0 o £ P B85 T

-H-Xylose —-Galactose
-A-Arabinose -©-Mannose
(a) Sugar consumption 16 (b) Cell growth

Sugar (g/L)

0 12 24 36 48 60 72
Time (h) Time (h)

5.1 G. oxydans DSM 2003 ZE&-FhEpE ORBE. FIRL(ARE. L3I0, BB BREF ks
FAKBR

Fig. 5.1 Sugar consumption and cell growth of G. oxydans DSM 2003 in monosaccharide medium:

(a) sugar consumption; (b) cell growth
RIS RBAERRDY 20% ) 250 mL #5347, 78 30 °C, 220 rpm MIZRAT T KB 72 /NI,
EREEE RS, 4 6 /N 5 M NaOH W75 pH JEHE £ 5-6 2 [A].

R YERATIAET Z %, HARMEIAE LT AN JT 1 — 2 R B 4F4E 2 Ak 3t 7%
o, S REREIY), BAZWE A ERAHE, HEhaa/bEwYERE, mHK
FIF PR P 5t 75 A 0, 2 A0 SOk v B R R PR, 1T % B P o P00 B A ) R R FH DR R A2 —
MK BIELR:; RIS KRR B A4 2K A2 — MR B, KR Efh
K B2 1A 26 R RE O At &R B b, (R AR 2R A AR A A AR P B I 5, BPAE S
EINEAEAERIAT R, TR 2o D 56 ) FH 8 260 W 0 4 b mCombhse of HCAdURE R DRI B2 2%
(VR KA B0 AR FH & M B AR R S — A F S . A TP E % G. oxydans DSM
2003 fEAR A 4E R B R EVERE, AT G. oxydans DSM 2003 75K it 414 2 7K
R RE R 48 /NI, FEIE WG P ANk B RV R, A b LR Y 5k B VR FE AT BT
FeBl i 5.2 Fiose MEERATUUE H, £t 48 /N R, I 12.2 g/L FIACHE S 4,
29 5B ARBER 38.2%;: A 4.9 g/L BIFTRAR AN H Sl 4, 29 5 s Bl A 08 A0 H 23 B
57.5%; TFEFAMELCFRA A, FlREFIEL) G I 89.9%. /KR H 1) K %
GERKH, TERFAHEREKRT, G oxydans DSM 2003 X 25T =] 25 B8 Bk 5 ) ) FH 3
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RIS, IXRI0E I T AR ETYE R K BT AT W 00 e A DA LW PR 1) A R ), 7™ o
RT3, L, ©A3R 5 G. oxydans DSM 2003 % T A B A 4E 5 1k R 2 Fp b
RIFALRCR

35 1
OResidual sugar

30 @ Consumption sugar

38.2%

N
6]
Ll

Sugar (g/L)
= N
(€] o

Xylose Galactose Arabinose+Mannose

Bl 5.2 G. oxydans DSM 2003 FE7K VR F R BE 48 /NI G S FHERBE B0E ORBE. FTHrfadE. 3.
B HEED KIREMSLL
Fig. 5.2 Concentration and proportion of residual sugar by G. oxydans DSM 2003 in hydrolysate
after 48 h’ fermentation.

532 FEEFERR AT I DSM 2003 K HHIE B 1 kAL

N TN G. oxydans DSM 2003 XA 5 414 2=+ ] 45 08 B i) R FH S 22 A0 061
R YEFR A R B 32 1%, AT TE TR R ARAE A BT 2T 4R 3R A4 J kAT 8 N PR A 35
It o B AT ) B R AT T 15 TR AE S 2 MBS A ) ) ) R o 21 4 2K i, it
1T IR BIRE TR, AR ARIZ D & NAE S 2 IR A B B R AR, AR
A v O T AR A RS A o B s P B K ARV 2 A0 R AR O ARG,
R—EAEEA MR KR BT AW B 38, M B IA S ek £ BRI
AHFFERI T BRAREE IR NG, B R AR S E &5 S0 R K R 55 97 24 /i
T R A ) AR A T A P R A A T BRI, 55 G AT e 380N 5 0 1 P K A b
It 24 /P, ATRARITEPERS DUR S, XA PRI TR R A — R R 7 . X
R FR IR EAT 210 IR (3hat 420 KD, il sadhAb i R ok B 0 40 BE AN AR DL &
A LRI BE IR A AR M) ) AR A, W 5.3 BT
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@ Xylose @ Xylonic acid ¢ Glucose < Gluconic acid AOD600
60

a1
o

N
o

Sugars and sugar acids (g/L)
w
o

20
3 - T
‘\ 7 Z AR (@
0% GO G,
0 OTRSSS R AR 0.0
0 30 60 90 120 150 180 210

Transfer number

Bl 5.3 G. oxydans DSM 2003 7E/K ARV HEAT3E R EHEAL
Fig. 5.3 Adaptive evolution of G. oxydans DSM 2003 in hydrolysate.

M R A AR H s R B2 AR A TT ARt FE R385 7 B3] CRiT DY e 4%,
52 B KA P A0 D R, S B R T A F R BN R, A B e B R Ak
JERB AR A AR R 25 AR BEAE e B TR AT, A OB B A AR AN A K X
BRI . AT ] 36 RIS, T ROKRE AT A A A48 FH R 7K i AT
BigR (LR 32 g/L HINE] 6.1 g/L, HEE R 54.5 /L HINE] 62.9 g/L). fEZ A 174
U R R AR T, WITTAR B T /K A A v B2 B4R v, 3 B30 1 1007 2 W 2 1 T
FET TR AR AR B 22— DRI K, (E R BEA e O HEAT , 460 60 B M s 2 B 4 v,
AR KBRS . HBRREETRRE R 0 5, SO 7 RR AR EE, 455
R, BEE R HIBET, RPER AR R MBI s . AL 210 RIS (3%
i 420 KD, WIMRHIAR, BERACERARER 4 BOKFEE TR E, RSB B L ik
%N G. oxydans RM 7.

R BEALTRAR AN H A TR R 70 3 TR AL R S A AR . R FUHE . PR Aasl A H 2o 0 S b
ey, R e X DU R SR FRE DB 2 R, 4R 2.4 PR, ANEEIR AT L
El, SHKEHRML, HCEM G oxydans RM 7 X T ARKE. EF0E. B Riq 8 A1 H
FR R B T AR AR R AR v, U B I R A R B R R T A R R AT B TR
1 20 B B U R R R
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(a) In xylose containing medium (b) In galactose containing medium
50 -6-DSM 2003 -©-RM 7 50 -©-DSM 2003 -©-RM 7
45 45
40 40
35 35
— =
=230 230
~ O
§ 25 825
3 ]
< 20 G 20
©
15 15
10 10
5 5
0 0
Time (h) Time (h)
(c) In arabinose containing medium (d) In mannose containing medium
%0 -5-DSM 2003 -@-RM 7 50 -5-DSM 2003 -@-RM 7
45 45
40 40
_35 35
= =
230 330
3 8
225 o125
Qo c
£20 <20
15 15
10 10
5 5
0 0
Time (h) Time (h)
B 5.4 HALEE G oxpdans RM 7 ESFhEME ORBE. X306, FIRARERAHE B BHREFK
PEFERAE KB

Fig. 5.4 Sugar consumption and cell growth of G. oxydans RM7 in monosaccharide medium: (a)
sugar consumption; (b) cell growth
RN RBEAEREN 20%[) 250 mL FEHLAHREAT, £ 30 °C, 220 rpm (& N ARE 72 /I,
TERBEE RS, 4F 6 /NEFH 5 M NaOH 75 pH JGHI £ 5-6 2.

533 SHALHEFERAT B RM 7 1R B RE VR4
N T IR A B R TE SR R £ 4 R AR R P R VR RS, AT TS AE BRI A IR T
KB G. oxydans DSM 2003 5L E M G. oxydans RM 7 {1k EtERE, 82 15%
(wiw) [E 5 B KRR KRR, KBRS A 61.5 o/L #i%&iRE, 262 g/L K¥E, 6.1
g/L L8, 0.15 g/L BRIEA 0.24 o/L 5-32 I EERRIE o WU 5E A Mok R R e . AR R AH B
PERR M, DL AR B A KAB I, Wi 5.5 Frs. MEIFR AT LLE Y, 550 IR RRAR EE
A B R (1 6 28 B A R IR A B T s AR AL R BRI 2 2 4y, K
PSS [N 72 /NP A 22 36 ZINEF s I HL T BB 2R g3 n, (01540 M 2E Ko AR A
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TRERS
(a) DSM 2003 RM 7
100 Glucose = B
90 Xylose A A
Gluconic acid —o— —¢—
80 Xylonic acid o~ -@-

Glucose, xylose and acids (g/L)

Time (h)

(b) DSM 2003 RM 7
1.8 1 = 0

Time (h)
5.5 FLEIR G. oxydans RM 7 TEARKE ERFEFTF KRR 34T R B2

Fig. 5.5 Fermentation of G. oxydans RM 7 in the low sugars containing corn stover hydrolysate: (a)

sugar consumption and conversion; (b) cell growth
RS RIAEARIBURN 20% ) 250 mL #ER - HEAT, £E 30°C, 220 rpm 564 T AR 72 /NI,
EREEE RS, 4 6 /N 5 M NaOH 735 pH JEH = 5-6 2 [A].

A R B EATIRORR 7T, S B B B K AU AL B R G oxydans RM
7 WIREERE ST . R 30% (wiw) [l & & S KRFEF K, KGR &
H 111.8 g/L #i&ikE, 29.1 g/L KK, 8.7 g/L FIRAARERIH F20E, DL 4.3 g/L FFLHi
PLH R B G. oxydans DSM 2003 1E X 8, S5 5R W& 5.6 Fros. MREEGE R ATLLE H,
BEAL TR AR A 2 B R R IR e 5 o0 A LU BT, TRKE R A 42w 1 4.1 £5: I
HIBEACRAR AT LLE 72 /NI, BT RLAERE, 22 A~ LR 4 A e A A B R PR IR
M0 HR B RRIEAT 70% LA RRTRLAE0E, H Ea Bl AT LR R o X L g FER W] T Nt 1 A
AT DUAT RO e S8 8 A B R AT B R T R B £ 4 3% b A b R T R
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(@) DSM 2003 RM 7
180 Glucose = =
160 Xylose -+ A
= Gluconic acid _¢- _—¢—
= 140 ic aci
P Xylonic acid o -e
£ 120
© ==
& 100
(]
w
S 80
>
X
¢ 60
[%2]
(o]
S 40
20
0
0 12 24 36 48 60 72
Time (h)
(b) DSM 2003 RM 7
14 Galactose - e 570
Arabinose+Mannose - —@— [
12 - E 60
Cell viability = = [

Galatose, Arabinose, Mannose (g/L)
Cell viability (CFU/mL) X 107

5.6 HALER G. oxpdans RM 7 7R HE T RFEFT KB AT K B2
Fig. 5.6 Fermentation of G. oxydans RM 7 in the high sugars containing corn stover hydrolysate: (a)
glucose and xylose conversion; (b) other non-glucose sugars consumption and cell viability

RIEFA: RIEE S L RIEREP T, BMEN 5% (vv), TE35°C, 500 rpm £ 1.0 vvm [IZ1F T
AT REE, fEREEEFESH, H 5 M NaOH 4E£F pH 7E 4.8,

5.3.4 AT EFERRAT B RM 7 (1035 (R F0 5 S5 7K ST Aar

N T DR E R G. oxydans RM 7 FEFEALTE R &R, AN TR
AL F AT EXFEACRARIEAT 70T E. E HARSERI e b, Ueds 1 R4S & 0 20 B8 i
2l (mGDH), K25 mGDH 57 1 UM 1 &1 B R AT B 23T 90% 108 &l i1k, JF H'e
WA CAEACARE, BURARE, U bl e AL A N B RE IR, TR0 T A T
R AT TR HORE AR R 1) 1 P8 AR F o i HE A T R M BE A A PR 55 0 70 6 W B SR ik
MUABERE T3y, WE T PIRN R S AARHE N mGDH WK, 4Rk
53 . MWEERATLUE Y, R HE SN, S0 ER mGDH M) 5K =2 R IR T vk
(41 39.9 fi%; (ERIHAKERS, BELEE mGDH KI5 5% K T2 R IR 69.9 %, (5 Ff
PEREFREE T, mGDH WK FE 35 B, XUl B & SR A3 & 1 8 ) i e )
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RiE, ISR R B E IR s 7y J7 1, mGDH fEARWER; 7R3 e
SRR (8 b R P vy T LA A e W R TR o ) R, U R E AL TR R AE R P AN
A EPE I SRR IE S, RIARRE B s R 52T O &

R 53 EREEREEFREMAREEFRE D BRI EIREK mGDH #30KF

Table 5.3 The mGDH transcriptional level comparison of the evolved strain and the parental strain in
glucose medium and xylose medium

Genes Genes ID Functional annotation Fold change
Glucose Xylose
mGDH W826 RS0112255 Glucose dehydrogenase 39.9+2.8 69.9+7.6

B IR AR RIEAE 250 mL #RMA AT, B5RdE N HURIN 40 g/L R & BB 40 g/L A BRI Fh7 5 75 2,
7 30 °C, 220 rpm [AI551F T K 24 /NI

BE— PR 1AL PR mGDH 2L P31, 45 RUNK 5.4 Pios, 45 R KI mGDH
It PP 51 T RAL , (5 R IAE mGDH F: R i 40bp HIALE, A —AMsEE SRR (G
RAZA T IRUEVS (AD, I B PR A A I R A AL m W G2 T mGDH Ja 31-1#1-10
DX, DSl BEAL TR PR mGDH e sk /KT IR i AR A AT BE A Hh - BBk (¥ SR AR T 3 3801
N TUESEIERAZ YN T mGDH A3 T [ 580K, AT FUAE S8 %l Bl AT 1
I SR Ja 1 JR 85 AR 6 1 )R 3 T RIB DO E F 3 I GFP, 45 R KGRI L
WKL DO AW BT 3% 2 5, IR BEUE ] R A e VE M 1 mGDH
JR BT HIFE SRR, ATRgE S HAL D 24K

RS54 HXTBACEARM N K ERE mGDH 28 KR 31775

Table 5.4 mGHD sequence alignment of the evolved strain and the parental strain

| Promoter CDS (2427bp) |

G. oxydans DSM2003 TCTGACATC CTTGACGCCCATCCATGT! TTTGTCCGGAAGTCACCGTGATGCATCAGAACAACAGATCCAGGAACATC [ATGAGCAC**
G. oxydans RM7 TCTGACATC CTTGACGCCCATCCATGT)| TTTGTCCGGAAGTCACCGTGATGCATCAGAACAACAGATCCAGGAACATC |[ATGAGCAC-**

Bk ZRRM-10 X (4 ) M35 X CHF @) kT 5 2@ BPROM # 1
(http://www.softberry.com/berry.phtml) Tl ], ¥ A FAK R mGDH HIgmh X 741, H 2G5 HEF:
HF B IR A Dy AR il

mGDH & S5 %) 58 BT R M A B8 I A0 R BE R IR DO HE e, [R5 Re s LS 1 47
HEERAG, BATEME 5.7 Fis. mGDH LA PQQ N Tk & FhkE (FizikE,
AHE, I, BTRACHE, H R AN IR CREER, AR, IR,
B ER, HEEPER), K PpcE: Rz iR (UQ) I JF NMEERE (UQH2), BRELKH
TAE B2 A (0 2 AR S AL bd (CydAB) R4 6 3 K i A AL B bo3 (CydBACD),
RATERUR TR, 15 ATP A EEIHEIL T /=25 ATP. — 5T, X U0 T AT RE 2 & B
P FE B T ATP AR, AT T mGDH W&/, H— 5, 1Ei&EM M
B R , SRRIREE A OC ()X SR B HE RS e PQQ, e Q, 43 bd, 41/
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R bo3) HIRIEAKF A RE AL T — L8 T E 1 1 42 18 A AR R e <

D-Mannose D-Mannonic acid
L-Arabinose L-Arabonic acid
D-Galactose D-Galactonic acid
D-Xylose D-Xylonic acid
D-Glucose D-Gluconic acid

Inner
membrane

B 5.7 S4B EBERRITE KRR AR R PR S

Fig. 5.7 Schematic diagram of sugar transformation coupled cellular respiratory chain in G. oxydans

54 EB/NE

KITALER KBRS BRI, B 5H RERAREE R (AR,
BTREAETRE, LR R ), 0T S 2 0 B A P 1 ORI F A ORI R B 4 4 R
FORTHE . S AT BE R AT B A B o] LICKS: 3R SRl 4 AU AH B (RS, (ER AR A T 41 4
RIS, FOO R A R BRUR I A AR R EIG, TRE R T AR AR . N T ek
X — PRI, AT FURS S 20 B B AT TR 28 5 R 745 2 A M )R AS & H0 47 1Y) KRS AT
KR RATIE N L, &t 420 RETKEE SR, SREMREKGT 4N G oxydans RM
7o IS REESLI R I, 15T KRREFFKMR T, BEACHE PR 0R R K ie s, 7
S TA] 72 /NP AR R 22 36 /NN o 33— 20 X0 AN TR PR 110 S BREE A A 35k R P 2 SRS AT
I3 T » 45 S R B 2R A P S G DH CJR] B A8 67 5% AR 1 3 b 16 S5 /KPR i
KRR AR 2R 2 R . A R B AL R

(1) ZBAES BRIV B H0HE ) KRR BT e 5 72 07 1, ERIE G
oxydans DMS 2003 173G M [FIET, 8 HZ 0 & MK R IR ST . 20T 420 K1y MR,
15 21 1) 3040 B R AE A 0T 21 44 25 /K AR 1R 2 B R B 3 R RS iy, RS TN 72 /s
I 4565 2 36 /N

(2) J8id qRT-PCR S50 &I, A0 B ik R A6 20 b i 2088 mGDH  CJR] s 17 53 HoAl
PEREALD KRR B, SRE R FE R N T e mGDH. 1381k, M
(TR TN RE Nk i ez

(3) I XA 2R L R AN R AR 7 TR R & SPGB 7, ESE T A i
HAr 5 KA R A Re S BRAR ISR, Jodd S A S () A R BRI T 48 AR 3E «
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BeE HiLE5RE

6.1 %58

HEYEER GV R R R AR O ST EI EZA R, (H 72 & Bt HA BRI Ue kA ) pl 45
A SRR B R ARGV TGRS, AR S E AR H BRI H
KR 2 IR A YE AR TR, A B G Jaith, BARTESE 3-8 T R
(Poly 3-hydroxybutyrate, PHB) AKX AEW)HE SRSV & BT A A Z IR A 2 R
(AR R AR P44 22 A 7 R R R G ) RO AR A AE — 8 IR, RS Ak 20 A%
Hh A A P 2 BEAS TE AR I AR 5 R s R BAF4E 2 h 2 0B M LR S A R
R At 2R R ARSI A o3 BE R P A e s R IOR BT £ 4 R A B R 0 K I R R AT
2 JR IR o B R IR LEAFEAE ) 1A, AR SC LI 4 B R 52 1 1 C. glutamicum 1R
MR, B SR TT, ERRER TR EARRER IS, SIS R
PRAT, AT o0 WAETE , B N RE BT A B R, A C. glutamicum ] LR
FAAR 1 4E R K AR 77 =i 4B A5 1) PHBL 258 2 IR AN 201K
AR EEE R T
(1) fERTURBAgER NERE A RNES. ERARERHK C
glutamicum S9114 G ARBER F 1AL, (EHEAR P44k 2R o I AT R B 1) 2 2 R IR e 44 s
XA IR S WA IEIE B MscCG IR ERum b AT iy, AR R T LIE S S AR IR
R AR AR R W PR AR X ol IR AR B RIS AT 55, AR E 2
T SRR A AR E A, REERARREN R HA5 30 s
TR R T DA FH A J5 21 4 2R 7SR v 110 78 26 0 RIS A 7 e FE I A 2R
(2) $2&7& 1 AR BT 27 4t 3= 8 JEORHE 7 2l B2 1Ko AR A IR AE - W ik C.
glutamicum B253 HEEGAHER] AR A, (i A 5T £F 4 2= v B R R PR ) i s R A 5 A s
I G AT, NI INATAR LN, /DRI s, 1Y s g AR AN RO 2
TR G R A2 10 B A5 T T SR e i BR 5 B, 350 RIS I AR BE R F 1842 Ja 2 /D i
A NADPH )45, FEURERIISREEAL; SRE(EHE NADPH fA4: 1) PntdB 2R A]
DL 2 52 S A Y NADPH /KT A 2R ™= & o e 2449 31 1) i Rk T LUK A 3 4 4
KA 77 AR AR AR R
(3) Mgt T IR 4F4E 2 8RR 7= PHB B& B4R, FHaid & s == n i i
fem I C. glutamicum 1] PHB & . PLSE— MRS BIRARBEA H K C. glutamicum
GJO1 fE R H KBRS ¥ PHB 24 %2 1 R IR phad, phaB 1 phaC 73845 2
FERH b, MRS 7 —#kr] LARa e 4 7= PHB HIRE k C. glutamicum JHO1 . J8IL & BAE
WEE ) 7 AN AN T R = AR ) PHB 427788 /1, 45 R kI PHB £ 25 k126
PRSI R R C glutamicum 77 PHB WIFRHI KR gk &KIA PHA & 8Fn] LAFR
KIS PHB ()77 & i — X6 BRI AT AL, RILE & R 425 %) T PHB
VAP il N B . B 2449 3 R e B R P DA P AR 5 21 4 2 /K A A 77 s R FE 1Y PHB.
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(4) Fle 1 N IE R SRS R i T B PO T R o 21 4 3R A T 1Y
FATHE, JFERAT T PR RS SR E . G. oxydans DSM2003 X A5 21 45 3 7K Al
HH )T 2 B T D R R PSR SR 8, g LA AR I £ 2 2K EAT 420 R AT 1 2t
WEETR, 45 R R DL PR I 2R R R R B R o AEFE IO o BEAL TR PR KA A
PR RIE DR AT 70 M s 5 EOE P T AR P 1 2 A il ) e AT 3 T, 30 P 2
Pl S P (1 R R A A TR AR A W R P S S5 I DR B PR 3R o BT U 488 i s B TR AR T
TARBEFYE R b PR REER AL TRl T i %

6.2 BIFH

(D) @ AR R B AR TRES0E, BRI T e R AR &=
YRS, THEFEINFHZ PG R SK ER AR H e R AR 2
YL I 2 Pl R S O 2R -

(2) HIRAE C. glutamicum WIFEFH F5EK T PHB EEEMER MBS, WET
— kA AR E £ PHB B LAEE MR, FFidt— i O TR & Fl ok e sk Ak, %
KR 7 PHB P78, NS ENT C glutamicum £ 1% PHB [T 7R B9 5E 7 24t .

(3) X R EAIR S BRFIRE B A 7 BRI 1 B A 7T, ESE T R 243k
HAr 5 KA RERIN A BEHUAS BEAR ISR, Jyid PR E A0 S & () 4 FHAR AL T 48 4K ¥ .

63 BHE

R SCEAE A A ZZRITTE, B AR YR B ARG LA R R AR b,
C. glutamicum FAT %€ 7] SUENUR BESFATF AL, RIS 45 & TAREMDIRHRIBOR, SEIL 1 AR
LY B PHB. 2 RN IR I iR fhn A2 77 o B A SO AR AE — L AR AT TTHY
i) 7L

(1) ARBEFYER K= W) TP A S A KR A G BEANACHE, 38 A7 A B 70 F) Bt
R, H RN U . A SORY A TR B R SR REAN e 2 W ATACHE SR FH A0 oA
FBEANPRAR 7 AR o 7 4 2 A FH R 080 1 R i > B A AR o DR AT 6 BEAE CUR
TARERE PRI A b SINBTRARRE, H SR AT 2L A g4, e — A al AR A
PR 2T 4 2% o 28 ) TRERAK

(2) H ILH) PHB A7 B AR B 2T 4 3 AR & i3I 32 PR 22, Rl 183
K — AR 2 A B 2R C. glutamicum VE N R RAREEATHR L . (H2 AL
MARXS C. glutamicum FIANEIMIIN SZHUFIEATIRAT I, ARKATUAERRZE, HxRE
TR ER 1) 0 HAM A P 2L 34T AT e, AT AmT FU 4 R AT DL T4 v At
DLF5 257 B AR B S  A0 nf S2 4

(3) AWFFUR A BIARTET e K750 DR R, e AR o 47 4 I I
AEFE L AR EEFIREAG B T VR S A AR R AT 4 Z KL A K BT A IR R B
o AEREIX AN EE AL R T, 7 A Y v VA R 2 X 2 A 2Rl 2R R R e
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FEET AR ARATE A AR R A B T 8 B 5 R I i AR 45 & AE — e )
A LA = 0 A0 ] %) 0 et o (B 0 P £ 4 SR AL B SR T2 D9 50 °C, i pH 4 4.8,
1M C. glutamicum KB B IGIRE N 30 °C, fxid pH N 7.0, BRI Z 7 S8 C. glutamicum
M LAEAT [P REACR B . DI AR KA D20 C. glutamicum )R FFREA pH, B
BRHE S TE pH G TR B, A8 0] DLEAT 2D P B i A
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