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Study on the all fermentable sugars metabolism capability and inhibitor

tolerance of Pediococcus acidilactici

Abstract

Hexose derived from cellulose in the composition of lignocellulose is mainly glucose.
Hexose derived from hemicellulose is galactose and mannose, and pentose is mainly xylose and
arabinose. Among them, xylose and arabinose account for about 30-40% of total carbohydrates,
and galactose and mannose account for about 1% of total carbohydrates in lignocellulose. One
of the key issues in current biorefinery fermentation technology is the efficient utilization of
sugars. The problem of many fermentation strains is glucose inhibition. When glucose is present,
only glucose can be used preferentially, and other sugars are used after it is consumed. As a
result, the utilization of non-glucose by fermentation strains is low. In recent research work on
lactic acid fermentation of lignocellulose, no effective solution has been explored to alleviate
the inhibitory effect of glucose. On the other hand, more inhibitors such as furans, phenols, and
weak acids are generated during the pretreatment process of biorefinery. Furan and weak acid
inhibitors can be quickly removed through detoxification of biological, but it is difficult to
effectively remove phenolic inhibitors. If the detoxification time is prolonged, glucose and
xylose will be lost, which will affect the fermentation index in the later stage. In addition, the
metal ions enriched during the pretreatment process are also a kind of major inhibitors, among
which sodium ions are typical metal ions enriched by pH adjustment of the biorefining
technology. It will seriously inhibit the fermentation performance of the strain in a certain
concentration range.

This article explores the three key issues mentioned above. We selected P. acidilactici
ZY271 and P. acidilactici ZY 15, which have constructed the xylose metabolism pathway in the
early stage of the laboratory. Investigating the utilization ability of all fermentable sugars of
two constructing strains in different systems. And the analysis of the fermentation phenomenon
was conducted from the transcription levels of sugar metabolism and sugar transport. Secondly,
enhancing inhibitor tolerance of phenolic inhibitors and sodium ions for P. acidilactici was
achieved from genetic engineering.

In the first part, we evaluated the fermentation of P. acidilactici ZY271 and P. acidilactici
ZY15 in different systems. In order to improve the utilization of sugar and the rate of
metabolizing for the constructed strain, we carried out the domestication strategy of mixed sugar.
It could be obtained from the fermentation phenomenon that the two constructed strains can

realize the utilization of all fermentable sugars without glucose inhibition. And the construction
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of the xylose metabolic pathway increased the strain's metabolic rate of mannose. Aiming at
these fermentation phenomena, the transcription level analysis of related genes was conducted
from two aspects of sugar metabolism and sugar transporter. It was found that the gene cluster
of manXYZ in EIIM™ played a key role in the efficient utilization of sugars. Further exploration
of related genes would provide gene sources for efficient utilization of sugars in other strains.

In the second part, enhancing the inhibitor tolerance for P. acidilactici ZY 15 of phenolic
inhibitors from genetic engineering. The tolerance of P acidilactici ZY15 on 4-
hydroxybenzaldehyde, vanillin, syringaldehyde and BQ were assayed, respectively. Vanillin
showed the most inhibition on P. acidilactici ZY 15. And in the previous work, the laboratory
has discovered that BQ has a strong inhibitory effect on P. acidilactici ZY 15, and the strain is
more sensitive to quinone compounds. The selected effective gene CGS9114_RS09725 of
phenolic tolerance and effective gene ZMO1116 of benzoquinone degradation were integrated
into the P acidilactici ZY15 genome. The resulting strain P acidilactici ZY15-
AackA2::CGS9114_RS09725 performed better fermentation than P. acidilactici ZY 15 under the
stress of vanillin. It indicated that CGS91/4 RS09725 integration strengthened the vanillin
tolerance of P. acidilactici ZY15. P. acidilactici ZY 15-AackA2::ZMO1116 had a pathway of BQ
degradation, and the final fermentation performance was also improved. High solids loading
SSCF using corn stover was conducted. Compared with the original strain of P. acidilactici
ZY15, the fermentation performance of the two integrated strains was better than the original
strain.

In the third part, enhancing the inhibitor tolerance for P. acidilactici ZY271 of sodium ions
from genetic engineering. The tolerance of P. acidilactici ZY271 on sodium ions was assayed
and we found that a certain concentration (about 25 g/L) of sodium ions could completely
inhibit the growth activity of P. acidilactici ZY271. The gene of Na*/H" antiporter RS02775
was overexpressed in P acidilactici ZY271. The recombinant strain of P acidilactici
ZY?271(pZY36e-RS02775) performed better fermentation than P. acidilactici ZY271 under the
stress of sodium ions. High solids loading SSCF using wheat straw was conducted and the pH
neutralizer was NaOH solution of 13.5 M. Compared with the original strain of P. acidilactici
7ZY271, the fermentation index of sodium lactate was improved.

Conclusively, this study investigated the utilization capacity of all fermentable sugars for
P acidilactici which have established a xylose metabolism pathway, and conducted a
preliminary molecular mechanism analysis on the fermentation phenomenon of all sugars
utilization. Enhancing inhibitor tolerance of phenolic inhibitors and sodium ions for P
acidilactici by genetic engineering. This study provided genes with reference value for the
efficient utilization of fermentable sugars, as well as effective strains for the fermentation of

high-quality lactic acid and sodium lactate from lignocellulose.
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AN R X AP T R IEAT A7, B G R UL, R AR K R 3RS 5L
PR AN BRI, 2 B B2 SR CE R AT T AR A A TR, DRI 43 3B 36 14O DR 470 o 1 60 W
Fveky, EAAT] DA EIR B P FLIR AR, AR &, N T REAE R AR S A T
SAF N RTINS FLIRAE 72, AT FEAE A AE D - R 47 4 % T AR A B AR T,

1.3.1 AW S5 HAR M

CH3;CHOHCOOH NFLEHI 73T 3, AAAEMAFYRL: D-ATL-B ()& 1.3), fEAEYIE
M, D/L-FLER4r%ItH D/L-LDH AL ERER 458, 75 i 554U, D-FLER A Re s N1k
A, A L-FLER nT AR, PRI L-FLER I 75 SRYGHE i) 32 o #E Tk A=, X 7L
BRI 2t B SRR T, — MELRIAF] 99% LA b, 1 B AR L rh B AR R B ik A & AR R4S
FIMIFLER K 738 D, L-IRG Y, (R mp 0 0 A= 7Y B bk dh A7 A0 B ) BE R o508, 19 2R 7R
LR A

HO_ 0 o on
-.~"'H H
HO™ %, HaC” “OH

B 1.3 ARWEAR
Fig. 1.3 Different configurations of lactic acid
132 FLRAEFEIR
fERTIARN AP CaRs], BAEMERAE (IR  NRER, Jask
TAF R AR AT N A R i o R0 T FLIR AR 7 B B T AT 9 2 A TR AE A 1
BB AR LA A by InFLIR G . KT B KRR B OO VAR i B O>915
SN A s, PA IR AR Al DA AT SLIR AL, (HH 7 BRI AN B 15 BIAR HL AR 1Y
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S5, WAEIRE Z WIS Escherichia coli 4T T 2RI UE KA = D-ALIRD), (HAKZ
BIFWEH. E. coli —MRAE pH N 7 BIMEE FR:FRBY, IIRAE 122 KIREE Rhizopus
oryzae X BRI KT L-ALBRIIAEFZ, (B L-FLRA R A F A E B, BEHTH
FRAE P AR AR, B A FLIR A P AR & e IR BB R B8, A E
Ty AR, KA (pH. 1) A BIEHE K &IF=9b.

AR S5 3 AE H A AR e 43 B — Bk FLBR A Pediococcus acidilactici DQ2P,
ZJ5 Yi SPE R R R s 4 R T ldhL F0 1dhD, 133 7 A L- SR P acidilactici
TY112 F4 7 D-FLBRIN P, acidilactici ZP26. NEEMRAEF A, EEARFRI4ERATHA
TRA ", K51 A4k 25 I B3 G M A 20 PAL BRA IR J5 15 21 2 Fhoa] i B B b, HohoR K Z)
BB 30% (w/w), BT A SGE 1) 3L 1 IF AN BEA A X —#70 ARE, R 2R
B IE AR SRR RS, N TSRS LR, SEIAHE A ROM FH i B 2R
B3I, 2 J& Qiu ZEP3E P acidilactici TY112 1 P. acidilactici ZP26 W3 T AKEAC 5T %
1, AEAFFLER A AT DA 2 Me] R I ekl O B Rk phe B2ERL, ] PP AR (OBE®E
FRiER) B PK CBEER ¥ Ml 71, 789k Bl F= 4 R A i) [R] i 28 sy FLER AR 28
133 HKIR

FURII N BNz, T EJUARM, WRAR (PLA). WEHAEET “HE
KU, AR K& AR B E A TR SE 8 B2 K B AR P, PeEE )
€035 Gl 2 IR T axX B 7E H AR S o DA AR ) A A RLDO), SRFLIR (PLA) #EFRA
“CORIREL”, R METREMRIHT AR, IF BAER T R A EAM RN S, PLA 5
HVEREAH Y, AI/EN—Fh LU AR M I0-10], PLA FEf 2 M3t A FH S A &, wimlfE
BRI AN B, AR T Ul T H s B R s A B e e HE R S, A A Rl
AR AN TR FH I 1 4% G 2R 55 B8 F A1 041060
1.3.4  FLERN

FURMN IR A (LD WEWmmsh, iR, oousEy], BaWaett, #TK
M, AW TR, 2 Ji A, FUERRAN 2Ll kR G, (H TS i
()5t S A B 7 AN e, B DA H AR AE o R B R SR AT AR AN . B — e WA
(1) NaOH VA b ], AR B = A LR, BERRAMR . HEEM T2
A FUO7

R [EBUR/ 21 LRl A LR B GRS W48 J8 i

A5 FH e ik B 2B FLBR A A7 A2 — S8 1), i mh oM7) NaOH VA A3 FH = Ao M4
MEEE T, HemE TIKEE R —Eu R, S0 AR w bk AL S0 E 2
T RARPR LRI o DR AR R B AT FLIR A A P B R T, B AT SR
P CASR i R B AR o

FURRPARN VS BNz, R AT, T FURR B AT BB PR AR A b T A 7K 730
{6, AT R b P R BOR AR IOE, KR A A, B s i 2 At
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T3 A FURAN A AT AR Dy XU S5G2E 70R 3G 0 £ ot B UK U7 1080, e 247 T, FLEREN AT Ry
KFEW T NAR AR BT, b n] AR MORBC ] AR T AR IR =, T PUiE
R, FUBRAN T WA INAEFUR R 7 i 0O 1O A AT, SRR Oy — R
SRV ORI IR 7, A7 RO DR BRI L g FLAS N 2 Aot it o m] A 2l b B JRK 73 1)
0, IF BN AT 5 KB 043 0S4 & W 3E RURSEAE L, 167 BOREELIT S 1Y)
— ZH At

1.4 FIRAARRSERE LRI

AR A4 R A SO B 45 L a5 0, LA HL3-AT AR Ak 2 i A 77 I 7R B i ik
B, AWiEE. FELS R LS A B A g E . BT, RN R AR T 4T 4
ZEHRIEH EHATEY RS A=, SREER, HFARRAEEZ R, R
B KR LR R T FE bR AR AR M2 I8 Sy T A AR TR £F 4 22 oA A B AR, TR
TE BRAREEN A W 1 0o R O A 7 AR R 2l 32 v R B R A4 A4St 2 A Ml 45
ARAELERI )RR, DL S AE b o) 250 P A ey o503 DASR i AR ot £ 4 22 ALIR R I 4R A R T 18
®
141 AW A R EE A )

RS ORI, REMART 4R EYIERI RSN E I, H BT
HREAE 2, P K R 3VAE ) A L AN BRAR 4 (1 B AR B B R AT FE DAk 235 W R 2B 7=
T SRR ], AR S G T R AR R ok — R R 1 B AR R RS e R K
HE e R O A BN )38 AR SL 0 I SL IS B, iR AR R A 4E 5T &
BEA =, @ R A SEIR IR TE v 1Y, SRR IR, H KA E B R, &
ik Aspen Plus 73BT Ho Az 72 AR 5 FOK 2R RO, A G RI B NI REFE . R
IKEAEL R bR AT YR AR R IR LA T & .

1.4.2 SO0 47 i s P T P e B ) R i

TALFRAE I A R A A W BUR S50 5, W DUBBC Fml R R b, Rt 2 7= AR
Z RPN . SRS A Y 2B P 2 P AR AR, I ELIE 2 I A A i AR BB AR
g, R AR B ARRY . AR R B AT B R LAY, ARGy
TR BRI, B ARSIk BRI R AR, R O 2w Vs P b 2 B = A 1) PR
IK—HEHEH T RS0 5 R L B T B Bk 4. resinae ZN1W, Z B FRTE TG 2R f5
fy ARk HoaT DA SR KR - 3 4 CAnmk i B AN R S5, TR AT R I B b, an SR
A4 ) 4 JBE R IT [B), ) A 0 PR S b PR A S O8] 12T 2 mT DAE ORAIE A T BB AN 32 43
RITHT R SFAE TARAMSIVIMLER, o dBhn i A1 4 28 PR K e it R
1.4.3  HIHIART R I AR 1 5

RIFAERAEZS NI, KBRS 2R RIN, A RZFilEmm . %
R 248 DA K% 55 R 2R A O Sk W PR A7 2 6 T AR R AR R AR P A ], A Sz s a2
e H B B3 B IR A. resinae ZN1 R PRIH I FRIVR IR 8 K 55 R S 30| 4 HLI& AR ACHRE 437 21451
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=l

i

LR PR A. resinae ZN1 X A4 () PROE MRk BT T80 20 404, 75 B0 B 25 40 1 47
PR RERAL G Y FIBR RS DI 13 G218, B KB 0], > THFEABE R 208 . %)
T LT Y Ak S UK R A W i 52 MR ZE (R AR T 5 B — (8B B3 B Ak A. resinae
ZN1 AT RR, A REA 24 ff e 0 22 1) 8 3 G453 204 m (1 R R AR, 32 s i
R B (0 A 52 1 7 2 g e ) R AR A

NT PR RN 2P, AR TR CE T T RE SRR, W
N THRE S cerevisiae X} THEEE B, HMF WM 2P, ¥ S. cerevisiae NRRL Y-12632 &
FEE A0 DL iR B 8 R B b it AT Ik, Ik 2 ARG, IIMb kA KA, &t
LN A B PR AT HIMF B33 1 3 5 soxos 7 (g e 180 sk 2 PR T4 AT DA S A v 1
RN 2 X — B bx, W8 TR S, cerevisiae SIS HMF [ 3214, H4 A0 <
IR (ADHI. ALD6 F1 ADH6) 7E S. cerevisiae "KL, 2k S. cerevisiae B] PASZI
YRR AT HMF A0 B R R e ReA B4 im0 120 25 B nT UR W, B T30
Yv i 52 2 EEARBLLE RS = B R A A 3 O R BRSO BR I I o, b ke i
SR EEERE . ASEI0 E WHAT T RNARTT, EZ AT AR, i B AR, Wi
) P it 52 4 55 B LRI AE Z0 mobilis ZM4 it ik, 0 id 2 ik My I i 52 4H 5% L K]
(ZMOI1116. ZMO1696. ZMO1885) HFIZKER 52 A KK (ZMO1116. ZMO1399.
ZMO1696. ZMO1576 1 ZMO1984) POVE, itk — B R TR MR P e /) & B A3 2 5RAL. .

BT LR R I FR R A B S X — R R, O A SR AT TR .
Zhang!"®YZERIH B. coagulans LA204 HEAT FLEE K, 43 A /K BE I 35 )5 1 KA
ALK B 0 TR HEAT R, S50 25 5 nT DU H &K Bl 55 )5 DRl i 4 LR
PR 49%. SR EAERTAR T, R T E S ) FOKFEAT AT ILIR K, RBR 2
My Ay, & UK LR A], ARG AR B e e s, (R A T R
PRI RN, S ARAR [ Rt 32w LR R B2 A Pk 1 B et Sk P i 52 68 7, AT LA
BE— 5 B = R B K BEVE R AR B = 4R AR B S £ 4 R LR
1.4.4 &)@ 87X KB FE 52

AR Y F AL AT AV B R BN IR . EH A A 7], FBUK AR
BheEERKENSEET, WE T (NaHD. #87 (KD AEET (NHAD 2, [
IR B RE AT pH I G e B i T NP, — IR SRR T
S ) 2 T A D 3 7 PR AR JEL 2 P 11251280 ARSI = o) 4 i o3 - 52 9 THT 17
[ BT AR ST . Gaol" V4R Ft Y Z mobilis ZM4 YT Na B iUk, i85 3 K g
i, FgwiY Na'/H" antiporter (13K ZMOO0119 1 Z. mobilis ZM4 Fh3E{Tid Rk, ML
SERATLURIL, 40T ik BE Na' e s Tk, TR 7 Na* s e 7y, jsd
T AR Na 0 BR AR AR 400 ' P 38 T A A R %) B PR R 1S BB AR

ARSI S AE R FH /N ZE REFF AT LR N R TS, AEMIR BE R S, NaOH ¥
WAE pH AN, K 96 h JG FLERAN = E MK, 3 ZW R EEAT pH 4TI 2
FE Na"HIELE, 2 Na" BB — @R FEm, 24l Bk i) A SpAR . #idid B A
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TRETBORIER P, acidilactici ¥ F Na Wi 52 RE /1, 7T LAE— @R B3R m FLERININ 7~

=

BEo
1.5 XRIOILEKBRFEEHAAR

FER AL B R R AV IR BRI B ZET, IR ERNBUR GG,
A DARETBZ A m] A I B, [R)It o A i 20 R4 ) o 3 e 4T ) 32 ORI 2R A &4
MR G SIRE GV MR T LR BON SR E 2 Na© o sl Y& J7
AT LR R 2K 5 55 BR R MR s e B, (EAR A DR PR By SR A P, & 4R ) Na™
Tkl T R 2 HII AR SR AR A 4T 4 R AR KB H A — R I

S AL T, 4 B PRI SR LR W P acidilactici DQ2, 1% K A F]
MAARRA 4R L D, L-IRAMARIY, 2B E P acidilactici DQ2 4T T
SR MG, BRI R A A 1) [dhD R0 Idh FEIR), 1937 PR AT 5 30047 - 1 FUIR A= 7
(") P. acidilactici TY112 (L-FLIR) 1 P. acidilactici ZP26 (D-FLIR) P4, {HPK LGS # ik
BRZ AR RS, JFAREEBRNHARE, N7 — PR &, Mk SUE mEik
R IR T ORBEAR R 1R, BA&AF R P acidilactici ZY271 (L-FFR) # P. acidilactici
ZY15 (D-FLI) PARRFLER A= AR, AWM e )5 R o SpE A3 LAOR B, W4 4E R AiT
G, CPAYERMTAR RN BN ARBEMBTR AR, BRI ILER 4™
PR TR TR A, (H H AT IEASBER DA I RAL) 2 b AR 2 75 R SEBIL AT I8 S B )
R Y o PR AT SO T P AR A S AR A R AR B LR A B B PR, R LAl A
JIHHAT T, JESED TR LAY (R EONERIHEI YA Na®) il 52 68 7115 2142
1, HFUTEE R R 6, T T RIB IR, AR mIRE A YER
FLR . BARITREH ARG

(1) PR T ARPEARU S0 L-FLER A= Wtk P acidilactici ZY271 F1 D-FLERE
FEBEMR Poacidilactici ZY15, FEFUBEFR G R 22T 0T AR A 82 B Ak 1 B A e 0 ik
17 TR, )5, iR SR LA R PR PR BE 2 . 55 {5 B gRT-PCR £2R,
NHEAR S 00 2 325 A 5 2 DR PR P S 7K~ 3 93 77 T 6o 4 S T ok e W R P ) R I B R 3R AT
THIE M

(2) P acidilactici X 23011 CanEyRENRRR ) BOMBUR, AW a5 ] DK R
ISP R 2, B T M KA B R B, A BRI ], 23 R ) BRI
Wik R CEMA IR TR, ¥ CGS9114 RS09725 (Wi ZAHxFE ) 1 ZMO1116
CORBRFEMEAL R IER)D) S 3] P acidilactici ZY15 XA, mIhhiEsm T P
acidilactici ZY15 AN ANHI VI 3268 71, A4S0 E T S fabn R B4 4E &R
FUIR R TSR AT ROR kK o

(3) M FEF TR, Krgwmbd Na*/H W[5 4% iz 8 H 2 K] Na'/H" antiporter_RS02775
Tt P. acidilactici ZY271 AT R, DA m R0 Na® ()i 5258 /7, S0 Na' e T
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IR AR BT AT 4 2R SR AN A B Ja i B qQRT-PCR B, MORE AR AH S JE BT (3 sk
SPRANL R BEELR BEAT T A E O HT



BEFEIKRF Wit3figr 1R
% 2E Pediococcus acidilactici TIEE#F A ZF eI EM X EL LB
I E=KRE D-FLERA L-FLER

21 3|8

FLER M 2 R T 2 A0, dofet i B mAIERIT S, & —FhE R Tl
79801, yrapsf, TS HFES “IREIRE”, EPn] AR SEERE AR (PLA) 30
AR, AR T REAWY KB, Hr, SN BB A 7 03 2R R
TE R BN T W R AT B, H AR Ry, DRI 5 T A S LG B %) SR L AR,
BEARFLIER A A28, R AR 3R — Pl FRAR SRR, e B 32 BORIE T R A
FEAT, SRUET iz HANMEARRR, A6 2 R T 40 R 20 0 10 D00 o 25 At DAk AT LR A 7™

RITAYER H =W M, s 7 AR A RART R, KREA4E
RO R B R AN, KRB PAAERN O IR FE 0, b 3 2 ARE AR
FLAFTRE, A AR AR R 23 T 24 7 A BERE IR 34.1%A0 5.1%, - FUHR AT H B4 43 7 2
R FRE ) 0.5%U134H 78 A Wk ) R v 2 £ 2 2R R 1) AR R A B R K R kR, IF
H B SR G A R o R B A 2 LR B R R AU A 2, 0TS A DR AE R R I o 28 M B G
VEHATA RO o AT B SO0 B AN 7890 R F A4S AR T 21 4 3R FLIR K BFIR B RIS, TR
AU 0 B 22 BELAG S A FLER I 7 B 4, 3902y B alifb (B A A, Oy 143 3 &4
PRI R A 4E X AR, ASSLI6 = 067508 R ) P acidilactici DQ2 HEAT 1 3R s, &
B3 7 BA AR AW P acidilactici ZY271 (L-FL./) 1 P acidilactici ZY15 (D-#.
E’E) [95,96,130] .

BT ARSI SN BRI R &, ARV B J5 RS 43 (0 A] R T SR
RAREEBO, DIMJEER VR P acidilactici ZY271 1 P, acidilactici ZY 15 NWFFRX R, 75 Hp
FVR G HER R TR IR B R AR AT T RV o PRRAL) S B R T LS IR A 1 S R I
e HAAEAE AR HIEF, W12 2L 7 AR B B AR 7 4 5 B RO R 22,
X BRI SRR AR H 1, AT R AT 7RSI 25, HYIMLERER
o (EE TN 30% (wiw)) T REEHIMEIL A (SSCP). f&Ja, FRTKBEISR, &
Bl QRT-PCR A, 37T P acidilactici ZY271 1 P. acidilactici ZY 15 15 LA FLRH BB A ik
TR IE O T BEARU AR DCIE B 1 3 K, DL AETR G B B IR ) I 0L T Y i i % 12 28
FHORIE R R 3 iKY o ARHIEFUARTE T IR B TR AR I A AR e 0, i o ek A A b
BB A R FE DR (R e SRk T8 23 M s ISR H B8 PTS #iz R&irb i) EIIM™ 2 1)
manXYZ F= R0 ) i RN RS B OCHAE T, Dy Ja S 9 At 5 19 o ok v o 1) v RO
FFRME T HE R IER S H KA.
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22 MEERB

22,1 BEMR. BEFRIEE IR FRTE

K E PN L-ABR A Ak P acidilactici TY 112 7€ v [ 3 38 A= 90 6 Fh Ar 5 b
L (CGMCC) HR-FE, MRS N 8664, D-FLERLE,“Hitk P acidilactici ZP26 WARIFAE
CGMCC, VEMi5 R 866504, ASLIG % AT HINUER BN P acidilactici ZY271 {RAFAE
CGMCC, MY 13611, P acidilactici ZY 15 {#4F1E CGMCC, EM%i'S 13612, AL
08 = I e L B I FE TR AR A, resinae ZN1 ARAFAE CGMCC, JEM %S 7452141,

A S Bl F B 5 R IR R

(1) MRS 733 (faitk, TR T7EIE): 20 o/L #4&¥E, 10 g/L A, 10 g/L
BERERY, 5 /L oK LERAN, 2 g/LKoHPOs, 0.58 g/LMgSO4-7TH20, 2 g/L FFFRE 4%,
0.25 g/ MnSO4-H0, -

(2) MRS ¥i7ede (faitk, HTREE): SpEaR & PR RS o5 7 2ok A %, 10
g/L BERERT, 2 o/LKoHPOs, 2 g/L #PERIR A 8%, 0.58 g/LMgSO4-7TH20, 10 g/L & F i,
0.25 g/L MnSO4-H,0, 5 g/L To/K LI

(3) PDA Bigdt: {EHRFIEVIRIGH 200 ¢ 15, 761 L LB F/KPED, 485
30 min, FZAEE, B LW, EAZE 1L, A 20 g ®ARE, 15 g ER.

SEEGE TR Poacidilactici Y48 MRS £ 7R3 785 7%, £572 51N 150 rpm,
42°C. A. resinae ZN1 1t PDA ¥ #FER i T 7%, 1F 4°C A0 T ORAF . (ESEIG i fE i
R R FR AL, M = M2 75 S0 H & K B B AT KB, KB 268 115°C il
K 20 min.

222 JFR B

ARSI BT F BN RS WOGR T r ra BH, USCEI T 2018 FFZR. KBk fEHI/INE
FEAFE SR 0T, R TR, 486547

£F4E K Cellic CTec 2.0 19 H Novozymes A @] (FHEACE) o HEARHHE A I 2
%3 NREL 77701301, JE4CHEIE A 203.2 FPU/ML. £F4E — 9% R I 77 V24464 Ghose
(1987) 7L, 2F 4 — WISy 4,900 CBU/mL. H#k#E Bradford %%} Cellic CTec 2.0
8 IR AT RN, SR BN 87.3 mg/mL.

AR R T H Oxoid (UKD o #iZ&ME. H k. LALBEAARKEE B Tansoole

(b, BTRifaBE E Aladdin (B . RNA $2EUR & RNAIso Plus I Takara
o] Japan) ; EESERF & ReverTra Ace gPCR RT Master Mix kit 4 Toyobo 7 ]

(Japan) ; QRT-PCR Z3#7i7fl& SYBR Green Realtime PCR Master Mix kit & E Toyobo
AF Japan) . FLEREZ4A0 K7 &8 Megazyme D-/L-Lactic Acid Kit (Megazyme
International Ireland, Bray, Wicklow, Ireland).
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2.2.3 BB IR MTE

FIFH HPLC AU JUAh B BEFIFLIR o £100 M0 2008 . AHEAIZLER , A3 F A U 2% 4 RID-
10A 7R ZHG % (Shimadzu, Kyoto, Japan), &4} Bio-rad Aminex HPX-87H (Bio-
rad, Hercules, CA, USA), 5 mM H,SOs NiiishtH, LA 65°C, FMaFHIEN 0.6
mL/min. £FXFTRIRADRE . H S AL, AN A RID-10A 7 2 kil 45

(Shimadzu, Kyoto, Japan), f&i#:A HPX-87P column (Bio-rad, Hercules, CA, USA),

gk (L KE BRI, i 80°C, shHHE A 0.6 mL/min
224 ERNPEYIE

R BRI P acidilactici ZY271 (L-3LIR) M P acidilactici ZY15 (D-3LIZ) Xt
PEARI 2, FEVR -GS 772k o6 PR AL S B AR 2R AT 1 18 ML o D465 =SB B
TEABY B INAS [RIA BE [V 0 (S TR S bRl v BRI B, BE 974K 228 20 mL, CaCOs
LA pH (A7 (0.6 g CaCOa/g #) , HFPiE R 10% (viv) , HR% 24 h #HH—k, T
42°C i1 150 rpm 5 1F T HEATHE 9%
225 TEAEMERSIEAR AT AL A

& Zhang et al. (2011)P71A1 He et al. (2014)[381%F FFTHEAT T T BRTALFE, ¥ AL
JE W ZE AT pHS.5, A pH HAIFI 20% (w/w) Ca(OH), S ¥ idfh 1 4.
resinae ZN1 JINEIWIRI, FiriMERN 10% (ww), RGN BEE XN 2%+,
WAEN 0.8 vvm, 4EFF 28°C KZAMEEE 3 K, &FFE 12 h #iidE 1 min. #K¥E NREL fIp 22
FRARYE, XTI IG AT T It SRR & 36.2%4F4E R, 1.7%F4F

[FD PG R BE (SSCF) Z 1 R BEX R T TR 7%, WIRAFE F 1 P acidilactici
W R 2 1k MRS 8575381, AR 20mL, 42°C, 150rpm %14 F3E9% 12h, 25
BRI R R B R 3 T (IR RN 200 mL), 7 [FRERIES 246 15 9% Sh, Rl
B RE R PR FR AR T NN 1% (viv) BINEILEE, H I H 02N T Bk w25k
(1401, R 2D HEAb I R % (SSCF) &TE 5 L ARSI idtAT, A3 iy U b2
4N, FERFFLRITORELBY B, ok — 2 B /KR 10 mg 28 /g A4 R I 4F4E KT Cellic
CTec 2 IIAZISidsr, AHINIAZZFF, 7£ 50°C, 150 rpm s 4F FHEIL 6 hy Z J5 1N
NEFEE OISR PR MRS 553258 M7, T 42°C, 150 rpm, pH N 5.5 [
A FHEAT SSCF. TR R B FE rh 4] pH 4EFFTE 5.5, 1 H 25% (w/w) Ca(OH), &1
%7 pHo
22.6 WGSEREERE PCR (qRT-PCR) 23 #r

TR B R A RE R I R B S i — A B M iR, RAE S A AN F AT
R T B ()85 AR R TN AR T WE AR A DG 2L IR (6 S /K1 DL R B B RS R AR R T B S
18 H U DB R ) e SR /KT o BEXTAHOGEIA], ARS8 R A Primer 5.0 #E4T 51 #0% 11, AH
REEF L H BT .
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FEBEAT QRT-PCR 73 M1 2 1T, 5 50 S0 i FH T ok 0 TR A HEAT LR, T 3R IS 4 T A
) RNA. WG FRAERIE MRS B FRdkrh, Bi9Rk 508 s0mL, SRR FRIERT, K
535 40 /L TR 40 /L AHBE. 10 g/L BRI 8 10 /L HEEHERT 10 g/L 2F- b
REPERETEART, PRI 70 /L R EIBE. 50 g/L KIARKE. 8 g/L MIBTHAIHE. 2 g/L
(O EE AR 2 UM . 1797560l 42°C, 150 rpm. BURHES R4 2R 10 B AR S SE I 18] 43 5 -
DA 25 5 RO A B IO ER B TA) A2 12 b, DABRT R AFTRE A0 P LA e IR (USSR T [R) 2 8
h, DAH SR s BRI (8] 24 he TRGFEREFRAR RGBSR (828 6 he 7EHfE
U R 3E 5 6 () s R T 4°C, 13500 g, 250 10 min PAEAT IRIAR ISR, AR,
fT1-80°C VKA M WUERII A AR WE 3 MY EE.

18 R BE SR, 2 Ja S R AT AR TS, 208 RNAiso Plus ijf) &% (Takara,
Otsu, Japan) J7i£1E1T RNA $#&Hl. 7E43)%6)6Z 1 DU 800 (Beckman Coulter, Fullerton,
CA,USA) EATHIFZHC RNA [Fym] I, il A8 32 209 RNA iU SR . KAl 5 4%
) RNA ACFR S8 Bk BV, AT S 3 DL& A R Y cDNA, e il
%N ReverTra Ace qPCR RT Master Mix kit. LA SYBR Green Realtime PCR Master Mix kit

(Toyobo, Osaka, Japan) {4 qRT-PCR SEEG B4kl & MAXZ§ 4 BioRad CFX 96 PCR 1X
(BioRad, Hercules, CA, USA). qRT-PCR SELG# EFEITA: 95°C TAEYE 60 s, 95°C A%
PE15 s, 55°CIBK 15 s, 72°C ZEMH1 30 s, 40 NMEHGHATHEMEIZ ST, FHREEE A
0.5°C/5s, M 55°C J+2 95°C # 1k

23 ZREW®

231 AKWEBARNEFS P acidilactici CHEFN D I & BEVE RN

SRS, RE TR B RREAT DR, 7 S R LU s R A 4E oK
TR A BR, OO CRENE. EIURERH B A1 (Rl A
ARHED o Xk LB ) 75 5O R IR BT 21 4 R LR I K B AR br . I BLAE R TR I ik
WA AE B 280 5 WIFLIR 4 B Al I A « B AT ST P acidilactici % 50E R F 75 THI ()
W%, Mok TPl R B 7 T 7T LI - ARSeie s E AT IWT 7E R e 8] 7 —
PREF A BB B P, acidilactici DQ2I3Y, Yi Z504% Hogk 47 R R Bu& B8 3 7477 L-FLE Y
P. acidilactici TY112 F14:7% D-FLERH) P. acidilactici ZP26, {H PR E R TC1EH R
AKBE, FEUCEEA b, Qiu FEPOIRy g T ORKEAC BRI 445 3 P acidilactici ZY271 (L-
AW M P acidilactici ZY15 (D-FLIR) PRI A~ Wik L& TIE, BL P
acidilactici TY112 (L-HW) H P acidilactici ZP26 (D-FLIE) NXTHRA, #RIT 7 ARHEAL
UHERATAN I HT JS, TUMR B AR ORT T 32 2L PR IR R B R 7, WIBBREIRFE 7370 40 g/L ()
HBE. 40 g/L FIAHE. 10 /L FIBTRCAfTRE . 10 g/L (I H BRI FURE (3 2.1 F15R 2.2),
ORI AT LA Y, ARBEAQU R AR R i S B T R A RGP ARRE R E ), HAgem 1
AR T H B R, BT PK BRRIBHNT, i Eaa@ PP B%, A Rk
DT RI PR R B AE R
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K21 L-ALBRAEF RIS KB R

Table 2.1 Comparison of five sugars fermentations for L-lactic acid producing strains

Sugars P. acidilactici Initial sugar Sugar exhausting Acetic acid
strains concentration (g/L) time (h) yield (%)
Glucose TY112 39.0£1.6 36 3.0+0.2
7ZY271 45.4+0.7 36 1.1+0.1
Xylose TY112 36.4£3.1 _ _
7ZY271 35.5¢0.4 60 5.240.2
Arabinose TY112 12.2+0.6 24 42.3+4.0
7Y271 10.7+0.3 24 7.1+0.1
Mannose TY112 11.5+0.0 48 29.3+£2.0
7Y271 10.3+£0.3 12 6.24+2.0
Galactose TY112 12.5+0.5 24 6.2+2.0
7Y271 10.6+£0.2 36 2.2+0.1

KB T4 MRS $EIREE R0 & TURANRIBIR: fERELH I 0.6 g CaCOs/g BT pH 1)
LR
R 22 D-FURAF R A BRI B LR

Table 2.2 Comparison of five sugars fermentations for D-lactic acid producing strains

Sugars P. acidilactici strains Initial sugar Sugar exhausting Acetic acid
concentration (g/L) time (h) yield (%)
Glucose ZP26 40.1+£0.2 36 1.2+0.1
ZY15 44.4+1.0 36 0.3+0.0
Xylose ZP26 36.1+0.4 _ _
ZY15 33.3+0.3 72 2.2+0.2
Arabinose ZP26 12.5+0.1 12 34.2+3.1
7ZY15 10.8+0.3 24 3.1+0.3
Mannose ZP26 11.3+£1.2 72 22.4+4.0
7ZY15 11.0+0.1 36 11.0£2.1
Galactose ZP26 10.7+0.0 12 3.1+0.1
ZY15 10.8+£0.2 36 6.1£1.2

RIEFAF: itk MRS Br 23k 700 &8 T A R fERERH A 0.6 ¢ CaCOs/g KEH T pH 11
YT

REEARE B 2 Ja, 193] 7 W] DURIH Todp s 1) L-FLER A WMk P, acidilactici
ZY271 M1 D-FLERE P2 WMk P acidilactici ZY15. B &) KEAR R IR ERIE, I

RERIF TN B R AREIR SRR R T 2 M RE S A RE R H o IR TS 18 T K
[»’m%ﬂﬂ!ﬂfﬁtlﬁaz;cwﬁﬁﬁ*)%%@, 72 3L A R B kAT T & s R 2R IR G i K
Fe (B 2.1). ARSLIRLL P acidilactici ZY271 (L-FLFR) A1 P acidilactici ZY15 (D-FLI&)
RNEEH, P acidilactici TY112 (L-FLER) # P. acidilactici ZP26 (D-FLIR) X HA,
K720 5, L-FLRA T H K P acidilactici TY 112 F & . AR, Bl Hz 008 5 H 2 A
e FNE AR AR E N 0.2, 40.19. 0.1 F10g/L, L-AFE 8N 59.77¢g/L (K 2.1a); P



55167 BAREIRFE 20
acidilactici ZY 271 55 % B A BE BT -RL RS 5 H 2 b A0 2 ZURE I R P% R 2 9 0.39.0.44,
0.71 #1 0.84 g/L, L-FAL.FR= & N 85.48 g/L (] 2.1b). D-FLIRAF=Hi bk P, acidilactici ZP26
HIEIRE ARKE S BTRLAE R S H A LR R AR B R FE R 0.16. 36.62. 0.29 10 g/L,
D-AMR &N 5528 g/L (¥ 2.1¢); P acidilactici ZY 15 H & FE. ANE. BIHAARE S H &
FEAN 2 U0 ) AR L 0290 1.264 0.34 1 0.16 g/L, D-FLEZF=& A 81.11 g/L (A
2.1 do MAEBESRATLLURIL, EREWIRART, WEBEM P acidilactici ZY271 1 P
acidilactici ZY15 7] CAEE R B ARE, WP A3 7 28R A1 B Ao

(a) L-lactic acid production using P. acidilacticiTY112

—A-Glucose -8 Xylose (b) L-lactic acid production using P. acidilacticiZY271
100
-©-L-lactic acid -8 Arabinose+Mannose 100 - —2~Glucose _.'i"""?e
=5 —&—Galactose —©-L-lactic acid -8 Arabinose+Mannose
3 ~ ——Galactose
z = 80
S k]
@ z
2 o
2 o 60
@ =
= o
- o
e} T
& T 40
=
E W
LA ®
@ §, 20
@
- X B 0 &=
O 6 12 18 24 30 36 42 48 54 60 66 72 0 6 12 18 24 30 36 42 48 54 60 66 72
Time (h) Time (h)
(c) D-lactic acid production using P. acidilacticiZP26 (d) D-lactic acid production using P. acidilacticiZY15
100 —A—Glucose -B-Xylose 100 ; & Glucose —&-Xylose
—&—D-lactic acid -5 Arabinose+Mannose —-©-D-lactic acid —B- Arabinose+Mannose
- ——Galactose ) ——Galactose
2 80 5 g0 ]
b=l ]
8 &
o o
= 60 = 60
8 &
a a
o e} 40 4
g« 5
@ »
@ @
2 20 2 20 1
7] @
0 & S ) 08 =
0 6 12 18 24 30 36 42 48 54 60 66 72 0 6 12 ‘\8 24 30 36 42 48 54 60 66 72
Time (h) Time (h)

B 2.1 L-ABAEFEHMN D-ABRAEZHRE S KB
(a) WWAH P acidilactici TY112; (b) SZ¥&:4H P acidilactici ZY271;
(¢) XHEH P acidilactici ZP26; (d) LU P acidilactici ZY 15

Fig. 2.1 The fermentation of mixed sugar for L-lactic acid producing strains and D-lactic acid producing
strains
(&) The control group of P. acidilactici TY112; (b) The experimental group of P. acidilactici ZY271;
(c) The control group of P. acidilactici ZP26; (d) The experimental group of P. acidilactici ZY 15

232 MJEERERAR S HEIIL R I T G A

PL P acidilactici ZY271 (L-LER) 1 P acidilactici ZY15 (D-FLER) NSLKH, P

acidilactici TY112 (L-FLER) H P. acidilactici ZP26 (D-FLIR) NXTHRAL, FEIREHEE: %

ST R, AT BURBIARBEAO AR JE, M RIRR P acidilactici ZY271 A1 P.

acidilactici ZY15 7] LA[R25 M F 2 Fim] g b, #7120 SEBL 7 ApiA FH I H i, ESRO T

e AR BE A A, 2t — DS Za JEURE R AR 0 H R, BANTS IRARL b ml A I b
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I, KB FR P. acidilactici ZY271 A1 P. acidilactici ZY 15 7E IR & b 1k &2 T 34T
itk (E2.2) o P R=ABrE: B—F BORA R EA 70 g/L (& E . 50 g/L 1)
AHBE. 8 g/l HIFITH M 2 g/ B H FEBEFI - FL0E, Y4k — B A J5, P. acidilactici ZY271
SRR AR R A BTt i, 2 JE 1818 THR0E, (5 P. acidilactici ZY15 FIAKEA S IR AL;
55 B BER XS P acidilactici ZY15 AKEAR G RIS I A, FRATIAEE TIRAPHRE, A
10 g/L M fE . 110 g/L HIACHE. 8o/l MIBMTHAME . 2 g/l I H SepE A 200E, Itk —
B Al f5, P. acidilactici ZY15 ARBEAE e IdEm (KE B ZFIKF) 5 S =k B R %
Bl B Aa BB R FEEAT Ak, — BRIt (8] B ik T AR BB AR U 2 T A e 5 15 k.

(a) All-sugars adaptive evolution of P. acidilactici ZY271 (b) All-sugars adaptive evolution of P. acidilactici ZY15
120 Stage 1 , Stage2 Stage 3 120 Stage 1 _ Stage2 , Stage3 |
110 3§ ! 110 1 H H
100 § -B-Glucose ] 100 { -5-GClucose
o ——Xylose i - —&—Xylose
2 90 § —o-Arabinose+Mannose H 2 90 { —e—Arabinose+Mannose
- 2
S 80 4 s 80
S g
'§ 70 4 3 70
3 609 3 80
° E ©°
< S0 S & g 50 f
o )
§ 403 % 40 3L of0S,
2 30 W 2 4 (U 5
(7] a 3014 !
20 20 !
10 g 81 10 1 a0
tssasszazeassest aerT t

0 T T T T T T v - 0 e - i
0 5 10 15 20 25 30 35 40 45 50 55 60 65 0 5 10 15 20 25 30 3 55 60 65

Transfer times Transfer times

2.2 P acidilactici ZY271 (a) I P, acidilactici ZY15 (b) BAREEN YL

Fig. 2.2 All-sugars adaptive evolution of P, acidilactici ZY271 (a) and P. acidilactici ZY15 (b)
Y2t AR Ry 20 mL [fa b MRS, BHREZZHVR A BOREREE ; REFE 24 h F 25T MRS
BRI, BREN 10% (viv).

R YL RT 5 AR TR A PR R R T 3T R BEVP I (B2.3) o KEE72h )5, Ytk
HIT i A B AR T UK T LR BB AR 52, (HYIML S ) L-FLBR 427 & Bk P. acidilactici ZY271
FER I PE S BB AEE S5 H Ea il i AR B R A 1y, X AHE A R Ay
WS G (B 2.3 ab) o XF TS 1) D-FLERA: 77 i #k P. acidilactici ZY15, £ %]
B BT AR 5 H R b ) A AT = B AT — g v (] 2.3 ¢, d)
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(a) Glucose consumption and L-LA prouction in L-LA fermentation (b) Non-glucose sugars consumptionin L-LA fermentation
Before adaption  After adaption Before adaption After adaption

100 —A—Glucose —A—Glucose 60 - —8—Xylose —8— Xylose 20 3
— —-o-L-LA —e—Arabincse+Mannese  —e— Arabinose+Mannose 2
5 9 o ca g
5 80 50 = —4— Galactose —a&— Galactose 16 8
g 70 e
S o
S a0 A I 403 5
= 60 =] 12 ©
] 2 g
I 50 2 30 10 ©
T 40 z 8 £
© ] c
3 30 20 6 8
Q -
R 10 4 g
o 10 4 2 2
0 4 03 o 8
0 12 24 36 48 60 72 <

24 36 48
Time (h) Time (h)

(c) Glucose consumption and D-LA prouction in D-LA fermentation (d) Non-glucose sugars consumptionin D-LA fermentation

Before adaption  After adaption Before adaption After adaption .

Y oo o 7 S etimre o ssmesetarese oo
% %0 ebiA e-DLA 50 —4— Galactose —&— Galactose E 18 %
= 80 £ 16 T
-g 70 = E 14 g
% 60 & E] E 12 g
3 50 2 - 10 8
E 40 < -
o 30 fe 2
g 20 nr
9 10 E2 £

8 60 72

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

23 YULETEIREHREE
(a) (b) L-AMRAEHIR: (¢) (d) D-FLBRA ™ H Ik
Fig. 2.3  All-sugars fermentation before and after adaptive evolution
(@) (b) L-lactic acid producing strains; (c) (d) D-lactic acid producing strains

RWEA: SLEYIRI S, HHKE N 70 /L (I &IE . 50 g/L BIAHE. 8g/L IIBTHAEME. 2g/L i
H RIS ] 25% (w/w) i) Ca(OH)2 175 pH, i H4EHF1E 5.5,
S B 2% B IR R AR T A 4E AT 4B AR R FLER A 77, (R FRAT TS [ 3 M 30%
(wiw) BINEFREFFAT [FIDREL LR B (SSCF) (E2.4), KEBE96h J&, FATKM T
Pk e J LA 32 22 00 AT e Bpl DA S LR IR 7 B WA S 1 L-FLBRAE P B bk P, acidilactici
ZY271 BT DU AER AT b, &) L-FLIRIREE N 136.6 /L, SYIALHT I @ FkAH
e, YL S L-SLER AP Rikk P acidilactici ZY 271 {ER % 0% . Bl h A0 5 H 2o i A
R EF—ERm (H24ab). 0T D-FLERAE =B ARAEYIL T 5 #80T DLV 3 BT 1 B
B, (HERERARENE R b, PIMERT R AR A%k, RAH D-ALRR 8N 131.8 g/L
(E2.4cd). fEFATRAERENIEILLE, P acidilactici ZY15 H AR E fE 1B 1L
MBI, REEREIFES P acidilactici ZY271 §a5€, T SZPRIIVIEME R BN E 4%,
XA RERYIMEAT G D-ZLERAE ™ B MR ACE I 2 I 5 W] B AR i JR R o A A
R P R o] DAE— e FE R B Ig D I (R RRAS, B — 2 B () R DA 3058 = s I AL,
MR R A5 4 4 22 ALRR SR L 56 A
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(a) Glucose consumption and L-LA prouction in cellulosic L-LA fermentation  (b) Non-glucose sugars consumption in cellulosic L-LA fermentation
. . Before adaption After adaption
150 - Before adaption After adaption B Xylose 8 Xytose T
—A—Glucose —A—Glucose 60 7 —e—Arabinose+Mannose —o—Arabinose+Mannose [ 20 B
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(c) Glucose consumption and D-LA prouction in cellulosic D-LA (d) Non-glucose sugars consumption in cellulosic D-LA fermentation
Before After adaption Before adaption After adaption
—4—Glucose —4—Glucose -B-Xylose —8 Xylose jr
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& 407 o
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K 2.4 YMLATEREP L REE (SSCF)
(a) (b) L-FLRRAF Hk: (o) (d) D-ARRA Hik

Fig. 2.4 Simultaneous saccharification and co-fermentation before and after adaptive evolution

(@) (b) L-lactic acid producing strains; (c) (d) D-lactic acid producing strains

SSCF 2&AF: &8N 30% (wiw) HI/NEREAT (FRRTUAEE, AWM 2-3 KD 5 LAY RPN
18 25% (w/w)ff] Ca(OH), P71 pH, [ H4EH7E 5.5,
2.3.3 P acidilactici ZY271 1 P. acidilactici ZY 15 FEAHIHLE] 2B

ARBERYTEEAR MG, [EMEEM P acidilactici ZY271 1 P. acidilactici ZY 15 BE5E
PR, I HERRAS R FRIR SRR R T, IERMAZATHET SSCF,
MR A BRI AR AT LR G A R E R R 1R AR fe, JFRCH LA &
PERIHIVER], ENFEZ Rl CEFRHEENE RINAAERE IS, DI g itk vl LRI
AU URR s 2 AR B AR MR 2, BRI Bt 3 H B p AR AR R o BExh X i
ANEEME,  BAERIT U X A AR Gk R B SRk OP HEAT TR T, 1 2.5 2 P
acidilactici F| ] TR FOBE AT B AR I o X1 L-SLIRAE P i bk, LARUR BRI P, acidilactici
TY 112 NAHRAL, P acidilactici ZY271 JNSESE2H, 35 A AR BE B, 25 5% ORI
PRI SRR 5 LR A A SR 3k B e 537K o AN RT-PCR SEREGZ5 SR T LU IL, LA
EIPE. K BTHLAERE AN IR OSBRI, B S LR AR U B R B ST I
AW R RE EHEE TR, (U BEREOAmIRN,  H B QAR L manX FENRIE
Ei 5745 (B 2.62). PIEERATTEAMA Y 1 DUH S50 9B AR OGRS K1 (&
2.6,
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[ Mannose] [Galactose] Glucose [Xylose| [Arabinose|
( N
galk ATP i A¢ araA¢/
ADP Ribulose
Galactose 1-P ATP Xylulose araB —
PEP galT\ll @k ATP ADP
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manXYZ g A.DP araD,
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1
¢ gpi tal
: Pkt
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" ’ J
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2.5 P acidilactici TR ER B2 E
Fig. 2.5 The metabolic pathways of five monosaccharides in p. acidilactici

[FRE, X T D-FLERAE P2 B bk, LARIGTE AR P acidilactici ZP26 N HRA, P acidilactici
ZY15 NSEER, qRT-PCR L9455 L-FUIRA ™ WK L5 45 FARRL,  DUH B ik
PR, HEE RS AR L manX ZERZRIE LR 41 £5 (B 2.6 b). KRR,
Fa 2 B R T ER R AR R R, R AR T R B fk P acidilactici TY112 F1 P
acidilactici ZP26 Kii, EEIK P, acidilactici ZY271 1 P. acidilactici ZY15 1EH F&HER
WA B (FEE T PSR - R FPH) FELeFVE Ry, S EURR R K EEE,
B AN BEAR B B MRS b T TS 45 B A [ @, AR SR AE J 2R 1) AR Hhov) dm A 4% st B
FHR BRI AT 1R 5T
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60 4(a) Transcription expression of genes with mannose as the carbon source for P. acidilactici ZY271
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60 1 (b) Transcription expression of genes with mannose as the carbon source for P. acidilactici ZY15
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2.6 UAHBERNBRIER P acidilactici BERUE & LB A RAAREER qRT-PCR SKREER
(a) L-FLRRAES Bitk: (b) D-FLRRAE Rtk
Fig. 2.6 Results of qRT-PCR on p. acidilactici Sugar metabolism genes and acetic acid synthesis genes
with mannose as carbon source
(a) L-lactic acid producing strains; (b) D-lactic acid producing strains

AT E BRI 7 =2/ IE R H, 479N PTS 2 (phosphotransferase system). ABC
1 (ATP-binding cassette transporters) A1 MFS %Y (Major facilitator superfamily) #i¥%iz
HHE. EARE T A/ PTSOC Bz RE, W& # s 1228 | 5B -PTS

(PTSM™), £ 4k —HE-PTS (PTSC) #iz RGAIEE PTS Mgl (117238 E GleU, Hrf,
PTSM* ] DLALIZ H FebE0P1 WA SCHE FE T 45, 405 )OS eis i PTS #%
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BEA, MRFERIENED ABC Al MFS B2 E H. 2RI , MR
Pk P acidilactici ZY271 BONRSE, FHEA HIUREACEHRIL IR, BRIt A8k 1T L-FLR
AP R R AT R s B A ORI R L S K I AT o SRR B P acidilactici TY 112 9%}
W4, P acidilactici ZY271 NSEEAH, CURAVENBIR, FAIPE T = MHEiE RE+
(R h b e ia B E B A SRR R AT 7 KE R qRT-PCR SE4:. HH ABC Al MFS R4
IR OCIE R A LR E FIRRE RIS, 1 PTS RGEHA MilRERFZFRIE FE
R, FATFIH T EERSIGE R (] 2.7). PTSM™ 54z R 48 3 B4 51 551 5 4 fiE AN
H# M, B El. HPr. EIIA. EIIB. EIIC Al EIID ZHj%, EI. HPr. EIIA 1 EIIB & %1
TR EE AR5 12, T EIC A1 END 7 37 bE R e FI8 (manX 9wtY ETAB, manY %
% BIIC, manZ %wt% EIID, K, manX SHERIBERRMAESS) 43191 EIIM» J£F PTS &
G H IR R G, Hoh manX SRERBERRALAESS, 5 AR TR e 3k
K] qQRT-PCR 55625 RAHENUE, manY 5 manZ 7 5iHEI IS, manY {EIR A MR R R
15 B 25 7%, manZ fEIR S WA R FRIE EIF 10 5. Stephane et al. " i A e sz 2
ZIE, AWERUS H BRI B R A2 WA FEER . (ARSI T AR
RS E, (EdE T M ARBERIRIH, BT AR S H 8RR % A B R G 8] 1)

35

] Transcription expression of genes in PTS transporter protein for P_ acidilactici ZY271
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Fig. 2.7 Results of qRT-PCR of genes in PTS transporter protein
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PREIAEF, RIS ETIM A S OB B AONTEER, I manXYZ R0 LB X LR B
RAEARSLIGH P acidilactici ZY271 A] BEAT 2K 1 [F) 25 M R, BIANAELE 56 A AR 4
Wt e PTS R4t HALETEEAH MBS 205910, (EAEREAT R eI F R R T
EFEAAMR IH IR, Lot e A AR B 8w i i 2 e B, Rt i e
KU PTS RS I H B MEREIR A1 R 40 EIIM™ ] 4128 i A U], ACHEARU A2 1)
PR Al EIM™ AR BE RO ER, R T BRI RN B T s A . BLERM
qRT-PCR SE46 45 R 45 PN KB LR AT 1) — D25 04, % F EIM*™ i) manXYZ
S [ A 15 AE A R TR PR R OR PRI (PR H R AE A2 — 20 IR T

24 FB/PNGE

ARSEIGAE AT TAE P B AR E SR P acidilactici TY112 (L-AR) 1 P
acidilactici ZP26 (D-FLI&) ™, 133 1 A LLR FHAKE M @ Bk P acidilactici ZY271 (L-
FLER) M P acidilactici ZY15 (D-FLFR) . AT TTE X E B P acidilactici ZY271 1 P,
acidilactici ZY 15, XFHHAT T TR RRERNR A WER R BTN, N T 3k — 5 58 m i kot i
(IR B EAR TR 2R, FRATTHAT TIRA RIS, 5wl R B2 45 TR MR G R bk
B AP T THIE R qRT-PCR 256, Jia S8k 470 () i ROF FHAH SSHF 7T 32
PERSRRYE . AT EELERW T

1) ACKE AU 2% A2 B AL 2 FF AN 22 R el B oo T AlbE R A, B ik P
acidilactici ZY271 (L-3LE&) 1 P acidilactici ZY15 (D-FLW) v DAL &R B2 Fiobd, S23)l
T R PRI R AT Y R AR A~

(2) KRR BRI & T B T H B AREER, BMEERTEIRS
W3 7% B S ORI BHMA 2 TR b AT BRI, FRANAEAE M BRI o 38 R A
W 1 B U AE G IR BRI BHAT R SR AP I b, I BTV ) manXYZ B& R 500 W5 1) 151 2
FIHEBPDCHIER, XA RT3 — 4R 5T, ws AR F A B bR, v FH A B RS
R P v 28OR) FH B A2 R SR U

(3) NI EEAPERI R, B EEK P acidilactici ZY271 (L-FLE) 1 P
acidilactici ZY15 (D-FLIR) EIR A H AT ENEIML, & L-ARESEHK P
acidilactici ZY271 FRRAER &IHE . FIRERE S H BRI IR S BF e, AR
R4 R LR O A R RS AL 561
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%8 3E Pediococcus acidilactici EpZEHNH 4030 19 14 58 1k &

31 38

F1 D-FLIR 2 AW vl B B SRR R FLER (PLA) By HE ZL ARz — 9991, R FH BRAf (1)
ARIFEFYE TR BATER BE4T D-FLIR I A 77— FH o] B AR AR ) o1 B2 U5 10 B 07 VR 3,
SEEGE W) Pediococcus acidilactici PG B R 151 380R) F AR 53 £ 4 22 R 1H) AT e
133 — MRS AT YR TR KB ARDL, TR SR I o7 2145 2 J5UR ) g 7K Ad A EEARAR,
AR T FRE (PR TS B LA, DALkt SO (0 R AL B A e g i U3 14

TRAL BT BOBIA AR BT e R KB G580, SRR LA 4R SR S HIHLE,
M v PT R I B () A R L5, THIAL BRAE AR R AR 0T 21 4 3R 45 i 45 K 1) [R] I 2 7 A 22
1) B A AR A AN HE P I R T A LR AN By S S5 Aot e rboR o 3R R ) 2
IR —FH WY, 2R BB S Y L& KA & E L AR ERZE &
P77 Py S MR 22 P A P ) TR AT e AR A, T AR AR AR 1 AR AT
RV AR A W B 2 — T R R 5 00 A 0 B TR AR R AT PR A 80T VR 4
BE T, PRSI E . S8 RRSR S MBIV TRIE MBS, (H 2R T Byl & Vi B R AR
%, FEEK B EEIS 7], S FEARVERH B2, Yi VR P acidilactici ZP26 X1
BESRAMHI VI POS IR, Yan SFPHR T AR A — A B A& BERE M BQ mBE /1, RN
£ BQ FEfRERAT B SCHRE DR AR, 7€ BQ IKERIm ML, FUERB Ok AT IE
HRORBEAE " o ARSI S AT AR, M T 2 R R o T By S P A ) S B A
RITC R, JE TS B i R T A KIS Z. mobilis ZM4 F P, putida KT2440
W 2 5 Ty S I A0 S AL A DS B JE [RIU192), Zhou ZEUS3NE 3 5% /KT I 40 T R B T AE Ty IS
WBIREE R Corynebacterium glutamicum S9114 H 5. 3% FIRFRIAHIZER . IF B AL ST T
TR, ERNEERE. Z mobilis< G. oxydans 5wk H S BG4 BQ B8 /1, mI LUK &
BFVER) BQ AL AL RN HQ, HHAMEA BQ FEMFAE IR ARAH L, 20 T Kk
(1) Z. mobilis ZM4 [%f% BQ [M#E 158, HiBd# AR A E Zmobilis ZM4
BQ B it F S Bk PR] 08591981 il bR PR T H B I B AL RH SR R A BQ B Al AH O 3
R BAE P acidilactici Fi#tAT3RIE, WAE P acidilactici X§AH N AN $ ) KN 52 6E 7115 21
e AR S ) 0 B R PR T AT B R B R IR RE

KHLFE SN P acidilactici ZY 15 B RANHIY) (4-FRH K RS . A, T FEEA
BQ) i3z AT THRFT, AT LMFBIEFEEEXS P acidilactici ZY 15 WIA0HIVE F S, 1 SE
SR TAE R CEIRFAM P, acidilactici ZY15 A HE 4% BQ BfFRRE. 2 J5¥s ik
KMy BETH 5275 RER] CGS9114_RS09725 F BQ FifAa 5L K ZMO1116 55T P
acidilactici ZY 15 JEKI 2L o LEXE N BBy S0 40 B 30 RIS, X 385 T PR 0 ) 470 o
fAETILA N, D-FUER I A BEPEREREAT 1 P-4, L D-ZURRA B fR AR ORFEEANGEO #LT
JRIG WK P acidilactici ZY15. A0S RN TAR R AT 2 T —PRA B S 52 00
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1] P. acidilactici F1—#k E. 4% BQ F¥fREE I P acidilactici, N— & W FE By 5405108
NIRRT A4 R LG R BER AL T B
32 ME5HE
3.2.1 BEMR. BRI AR TTE

E. coli XLI-blue I TR R, RAFTARBA. P acidilactici ZY15 (D-FLIR)
47T CGMCC, M4 5 13612, PP_3151. PP 5120 F1 PP 5258 KiET Pseudomonas

putida KT2440152);, ZMO1885. ZMO1116. ZMO1399. ZMO1696. ZMO1576 F1 ZMO1984

V5T Z mobilis ZMAPS2 CGS9114 RS10340 F1 CGS9114 RS09725 K&+ C.
153]

glutamicum S9114!
Rig% E. coli MREFRIE N LB K598 3k: 10 /L A, 5 o/L BEBEK, 10 g/L NaCl.
0B B R LB KRk, TSN 15 /L Biigk . E. coli ¥5 375644 200 rpm, 37°C. #
E. coli XLI-blue 45754 Tkl (3% FRL pMG36E B3 #i[4 i kL pSET4E), M35V N
Az, HAWEN 200 pg/mL.
A. resinae ZN1 Fl P acidilactici WIE557 71 M B F83EM, 2.2.1,
322 JEEL B
AR EE SIS BT B FORFEFFWGR T ma B, UCEI T 2018 FKFZE. /KBE/EHK EK
FEFFRR T, HA4ERSEN 34.4% (wiw), FL4ERTEN 23.6% (W/w)o
A A B 2o iR L 2.2.2.
Fr I B BN G H Macklin( B3 ) T &R T HEM T HFKRIET Aladdin
(Big); 4-FRHRHEE 4-F2 R AN 4- 32 oK R T~ Tansoole ( E3E) . p-2R [N
T Amresco ( F#), A& T Tansoole ( ). Prime STAR X & B Takara “EY)
A]; Restriction enzyme Il | Fermentas 2vw); BURIER GG 2B HIRBON P 2ifk
WS H Generay (_Fif); #ZIRYHELE H Tanon Science (). 214 W H Biosharp
G|-PH
CEV SRS HIE
(1) TBE W AFM (5x): 27.5g iR, 20 mLEDTA ¥, 54gTris, &L 1L (Z
BT, @EEEMR, BLIRIE.
(2) TBE A7 (1x): ¥4 S<TBE WA EAT MR
(3) BIEHEEER (1.2%): B (2) #ik5) 100mL, FR&E 1.2 g BlERE A, W
I 10 uL ARGk, S i,
HLAL AL,
(1) 1 205.4 g FEdE, 1.86 gKsPO4-3H0, 0.2 gMgClh-6H,0, EHE 1L,
WERBR AT pH AT, & pH N 7.5,
(2) B e 17115 g BEFE, 100 mL Hl, ERZE 1L,
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(3) HEInil: 171.15 g FERE, 20 g #W&ibE, 10 g AR, 2 g iTRREA "%, 2 ¢
KoHPOs, 4 g B RHEEY), 0.2 gMgS04-7H20, 3 g /K L4, 0.05 g MnSO4-H0, 8
g 2FAE, 1mL Tween 80, EHZE 1 L.

(4) Tris-Cl: 121 mg Tris, />EBAKEM, WEHRIEAT pH HTT, 2 pH N 8.0,
ERZE 100 mL.

(5) WHBFERE (1 mg/mL): 5mg WA, 5mL Tris-Cl, i JEERE G R
0.22 pm)-.

(6) D/L-732 % (40 mM): 587 mg D/L-75 2R, 5mL EA/KIHFAT AR, it g
BRI

(7) %% (50mg/mL): ZLE %A 250 mg, 5mL Jo/K LEE3HAT iR, it pE
BREE, -20°C BEFCLRAT
3.2.3 ik

AEF G B BRL, SIS PRI R 2R, 13 P acidilactici ZY15. Z.
mobilis ZM4~ C. glutamicum S9114 F P. putida KT2440 [F1FEKI2H . 43 751 LLFTHE B 2L A
AR 15 BIRATT AT 75 I E R, Horp ZMO1885. ZMO1116. ZMO1399 ZMO1696-
ZMO1576 1 ZMO1984 KJ5T Z mobilis ZM4, CGS9114_RS10340 1 CGS9114_RS09725
KIRT C. glutamicum S9114, PP 3151, PP_5120 1 PP_5258 KJ&T Pseudomonas putida
KT2440. @it P acidilactici ZY 15 2R HY 1155 )5 5T PldhD.

B fst F 2R IE JTURL pZY 36e AR EFRATTSE 0 B b B IR /NBF DAL A3 Xbal A1 Sall,
¥ K ZMO1885 . ZMOI1116 « ZMO1399 . ZMO1696 . ZMOI1576 « ZMOI1984 «
CGS9114_RS10340. CGS9114 RS09725 Fl PP 5120 #EHE pZY36e L, EHUEEYINL &
Xbal F1 Pstl, H43E[K PP 3151 Fl PP 5258 ¥4 pZY36e o #4335 11 ANEAHFUR
PZY36e-ZMO1885 . pZY36e-ZMOI1116. pZY36e-ZMOI1116+ pZY36e-ZMO1399. pZY36e-
ZMO1696. pZY36e-ZMO1576 pZY36e-ZMO1984 pZY36e-CGS9114_RS10340 pZY36e-
CGS9114_RS09725. pZY36e-PP_5120. pZY36e-PP 3151 M pZY36e-PP_5258.

3.2.4 HFEL. @ik

il 24 I SZ S 9B (P acidilactici) .

(1) BEEL P acidilactici B, “THKIZE (MRS AR, 42°C 5537 24 h, WEHH
W%, PREUEE TR TR, REFRMR RN 20 mL MRS K773, 42°C £57% 12 he

(D LEHTE MRS R F2 b 3Fh 400 uL M1, II D/L-77 28 600 pL (40 mMD,
150 rpm, 42°C ¥75% 6 h, Tl ODgoo 214 1.0 &5

(3) BB 1.5mL, 4°C, 10000 rpm Z.003F B3E (5min), #J0 Bufferl (1 mL),
T BIF W AR, 4°C, 10000 rpm .03 EiE (5 min), FXMIA Bufferl (1 mL), O
7 i

(4) ¥ Bufferl (100 uL), &FEA, IMAWEEF (1 mg/mL) 10 uL, /K&t

(37°C) ALFEKZ) 30 mins
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(5) 4°C, 10000 rpm &0 7F 1iE (Smin), ¥0 Bufferl (1mL), &¥FEAk, XL
B (EE—), ¥ Bufferll (500 uL), E7FM0, 232 E, KA 80 uL.

HAEER (RlibR. BE TR, FIBFRERIE %R —FE, HEBJGE 42°C £37%).,

(1) JFUKL 10 pL, BAZZS400 80 uL, JBA, VK L&, 15 min.

(2) ¥% EWmHEIREGHR, ETHEMT (1 mm, REHHEATHA), 25 pF,
200Q, 2000V wEFM FHATHT, BB, A 900 uL IR, UK FICE, 15
min.

(3) 150 rpm, 28°C ¥53% 6 h, 6000 rpm 2.0 5 min, Z#5 800 uL HiF, RAFIR
W, £ MRS (RIIZLEFR) PR EIRMEE, 28°C, }idf 3 Rt . HREEIHT
PCR %3iiF, #NFd# T RM (60% (v/v).

SRk BE (E 3.1

(1) BATHifik:

Phik CIIE VR, B E] MRS $55RE (A EZR) B, 150mpm, 28°C, K7
24 ho FEHTEE MRS (S HAEZR) HEFHRAETEME T EMEAHN 1% (vv), 150 rpm,
42°C K597 12 h, MBEH, £ MRS (S HA%HEZR) i bR, 42°C B59% 24 h,

(2) RUAZ b idk -

fr (D KHPREIEG, 2 MRS 855758, 28°C, #5537 24 h, MR, TR
i (MRS PO, FEPRIHEEG, &SRS E MRS SRR & 405 % 1 MRS
SPAR b, 42°C, ¥53% 24 he [ —HETE, £ MRS “Pi FAEK, MESHLERNTF
AL, BRECZ T 5 225000 .
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PSET4E-AackA2::CGS9114_RS09725
7.6 kb

AY
] CGSo114_RS09725
ey

up-ackA2  ackA2  down-ackA2

P. acidilactici genome

CGS9114_RS09725

l Integration
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repA Emr upstream  ackA2 downstream
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l Excision Excision

upstream downstream

p: ackA2 do

P. acidilactici genome

116

ZMC
P. acidilactici genome

B 3.1 CGS9114_RS09725 M1 ZMO1116 B-EZE P, acidilactici ZY15 3 H 201 FYR B AT E
The homologous recombination process CGS9114_RS09725 and ZMO1116 integration into

Fig. 3.1

Parental P. acidilactici ZY15

Engineered
P. acidilactici ZY15-AackA2::ZMO1116

genome of P. acidilactici ZY 15
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FieAsE s % BURL pSETAE-AackA2 fAAAEFRATTSRI = . IR HUER )AL i Xbal A
Pstl, ¥ ZMO1116. ZMO1399 1 CGS9114 RS09725 4y 5|45 & pSET4E-AackA2 F.
KA RN EEA TR pSET4E-AackA2::ZMO1116+ pSETA4E-AackA2::ZM0O1399 1 pSET4E-
AackA2::CGS9114_RS09725. k¥ Qiu FEPS0I525G J7v7:, W B 20 iR A RE 45 o br FL 3 4L
B P acidilactici ZY15 . ¥ ZMOI1116. ZMOI1399 F1 CGS9114_RS09725 #4475 P
acidilactici ZY 15 2R H FISL5 7775275 Qiu P90 i 2604,

3.2.5 ZRERIE NI

RS RGOSR, T RIER BQ MEMERE 1, AL RHE P
acidilactici ZY15- A ackA2::ZMO1116 F1 P. acidilactici ZY15- A ackA2::ZMO1399 1EAN R
FE ) BQ HE A5 N AT 1 A AR IE R IIE  AEDNL I = AP BRI 24 BN 45
50 1 55 mg/L ) BQ. &MY ZEAR 20 mL fEIfL MRS ¥57REHHET, 0.6 g
CaCOs/g HEHI UL pH AT, HMEN 10% (viv), &EFE 48h Bk, T 42°C 1 150
rpm KA R IEATR SR
3.2.6 SSCF LLi#tAT D-FLIERAE ™

A FE A R S TOKAEHT, KA AR b s ) & &, R
PR Py aT g P B, AR 452 FEOKHEE S RN 0.1 mg/g DM, FHEEEHN 0.6 mg/g
DM, T &N 1.5 mg/g DM, #[EHN 0.09 mg/g DM.

TOKFEF SSCF VE4iRAE T 1EZ ] 2.2.5.
3.2.7 HPLC ¥ J7i%

FREFIFLER PRI A S R 2.2.3

W 4-REOR R FEB. TEE. BQ M HQ, A AIAINEE N SPD-20A

(Shimadzu, Kyoto, Japan), #4175 YMC-Pack ODS-A(Tokyo, Japan). X} J BQ #1 HQ,

FEIR 30°C, MR 245 nm, JiiE N 0.25 mL/min, MR A &2 0.1% (viv) HERVETR,
Bl B RIRAW (ZIESFWEMEE RN 3:1 (viv), HIRLL0.1% (viv) T UL L
P& TR A D o BRFEVER /73 0-9 min, YEl B M 30% & &1 %) 40%; 9-17 min,
Ve B M 40% & =18 5 50%; 17-17.01 min, P B M 50% S = %3] 30%; 17.01-
50 min, YEftil B R E1E 30%M) & 8. X T 4-FR LA IS . & BRE AN T &R, KRR 35°C,
A 270 nm, FE A 1.0 mL/min, $EHE A /2 0.1% (viv) HERIEW, Bl B &
100% G BRFEBEMLT%: 0-4 min, LM 10% & EIG 2] 35%; 4-15min, LJERELE
35% & i 15-20 min, LM 35%E EFER] 10%: 20-30 min, CLMEFEELE 10%H) 5

=

Ho
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33 35w

33.1 D-HBAFHIK P acidilactici ZY 15 3 Ty 24018 (TR 52 1L A

FESEAT YIRS, 5 A n] DA s i B, (R AT H IR AE (Ui 240
W), 5 IE KRR (8], 23 BOAHE 55 FUBE 1401 5% o AR I 27 4k 32 AT FLRR A 77 I
LRI HHES LR, R CIRERREAERARN TR, FILEEEk E S X
420 RO TR 52 6 3R AR A i e 2 42 i 25 T8 s 4D ) A

B, BAMRIT P acidilactici ZY15 % T By BESMHIWMm 268 (B 3.2). &
B SEBRYDRLR AR 2 Iy KA B (0.04 g/L 4-F 32K /S, 0.23 g/L HFHEE, 0.56
g/L THED, IATRE T AR By BRI H P RIR T P, acidilactici ZY15 XFF
MY RNV TN 52 RE 7. AN 3.2 a ATRURIL, HEFEBIKEN 0.20 g/L B, X P
acidilactici ZY 15 ;=4 7 BL R A #64E A, H4Bi A D-2LERR I 28 7 AR 219 4618 (TG
THIVIE I 1) 50%. T ] EFEEIREEXS] 0.80 g/L I A FFUEXT P acidilactici ZY15 P24
HIHIEH . 4-BFEEREEXS P acidilactici ZY 15 FI4H0A KA D-FLER A2 7= FE A A 43 1%,
SO o AWAE ) AT 52 32 S TR AR A v B M R o e A R MR AR B R e 0, DRIt
PATE—BARIE T W e AN W AH LT IE R P= W% P, acidilactici ZY 15 (520 . & 3.2
b W LAE KB EERINH 5T P oacidilactici ZY15 FEAR S AMHIER . &5 T By
sy (K 3.2¢), HEERX P acidilactici ZY 15 WIFZME/N; 9T FHERIKRE N 2.40 g/L
B, P acidilactici ZY15 4004 KA D-ZLERAE = A HH B IH & I B#AG; T 4-F2 R K H R
Xt P acidilactici ZY15 WA MAE K2 BN, H D-FLRRA = IEH 3T . MEL RS
e RAT LURIL, fEMyRERINGIYIT, FEEEX P acidilactici ZY 15 F4PHIAE H 58 .
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(a) Phenolic aldehydes inhibition on P. acidilactici ZY15

ORelative cell growth B Relative D-lactic acid production

- |°

o o o o o o
08642
1

) uoijonpoud p1oe 2R9e-q
pue ymolb ||20 anijeay

Syringaldehyde (g/L)

Vanillin (g/L)

4-hydroxybenzaldehyde (g/L)

(b) Phenolic alcohols inhibition on P. acidilactici ZY15

ORelative cell growth BRelative D-lactic acid production

(%) uononpoud pioe ooel-g
pue ymmolb ||30 aalelay

Syringic alcohol (g/L)

Vanillyl alcohol (g/L)

4-hydroxybenzyl alcohol (g/L)

(c) Phenolic acids inhibition on P. acidilactici ZY15

ORelative cell growth BRelative D-lactic acid production

(%) uononpoud pioe oioe|-g
pue ymmolb ||30 aanjelay

Syringic acid (g/L)

Vanillic acid (g/L)

By BRI BNHIXT P acidilactici ZY15 UK (ODgoo) 1 D-FLERAEF=HIHIHIVE

4-hydroxybenzoic acid (g/L)

3.2

(a) FYRESAMHIY; (b) ByEE My (o) BRI
Fig. 3.2 Inhibition of phenolic compounds on the cell growth (ODeoo) and D-lactic acid production of P,

acidilactici ZY 15

(a) Phenolic aldehydes inhibition; (b) Phenolic alcohols inhibition; (c¢) Phenolic acids inhibition

RIIEAOIEERS
7 pH:

G NS TN AN [ 5 A P Ty s«
I, H 0.6 g CaCOs/g Hi i

BRI 20 g/L,

5,

faiik MRS %3¢

KRN

L

il D

AT pH A7

P, FH 5 M ) NaOH
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ZIEBANMRIL T P acidilactici ZY 15 X EyBESANHIPI A RE 1 (B 3.3). FRAE
MRS 55723 75 BN T AR AP, 435008 0.1 g/L 1) 4- 252K S, 0.1 g/L & &
BEAN 0.1 g/L T &/, TEXRUAFR AR P, acidilactici ZY 15, M Bk 2545 5 1 {1401 11
Y g . MSEIGEE R aTLUE Y, P acidilactici ZY 15 0] DLSZHLNT 4-F2 328 S 0454k, 3
FEFRfR N N BERIER s P, acidilactici ZY 15 AT DR & S, ¥ HEANEHERE, (H
AT CASEEUN A R A, I H P acidilactici ZY 15 AN BAGBEAR T ZFBE I RE

Phenolic inhibtion conversion on P. acidilactici ZY15
0.12 OAldehyde MAlcohol ®Acid

O
3 01
2 -+ T B X
©
S 0.08 %
<]
(=8
g 0.06
<]
[&]
L 0.04
o
c
2 002
o
0 4 T T T r r
0 12 24 0 12 24 0 12 24
Time (h) Time (h) Time (h)
4-hydroxybenzaldehyde conversion Vanilin conversion Syringaldehyde conversion

B 3.3 P acidilactici ZY15 X ByEESKEN$| M %S4k,

Fig. 3.3 The conversion of phenolic inhibition on P, acidilactici ZY15

EERT T EEZEANEIA), Yan ELOCELERT BB U IR P acidilactici ZY15 AR &
BQ Ffgfe /1, HAE—@RE BQ MHEMEL T, W BHmI EAkm AR, #Emp) D-7
RIAE P . LEARZSLIG A EEIRF P acidilactici ZY 15 %§ BQ Wi 52 E /7
3.3.2 P acidilactici ZY 15 X By 23| 40 0 52 M ol

M P. acidilactici Z'Y 15 5 By FS A PN 52 11 Dk 45 AT ORI, - B R4 P 25
B, T EHEBEA BQ #i4xxt P. acidilactici ZY15 24— E R AMHIE A, @ K
A I IR ] R 7 oKk B B 25 M KA R, 2338 i 43 BB I R o IR B
SRR S A A R LRI &, ARSI XT P. acidilactici ZY15 3T T FE K T2 i,
SRR = AR T AR 52 o BEXS B e SR, FRATTEEL 1 6 S idk A, Hor
ZMO1885 KIFT Z. mobilis ZM4AUS21, PP _3151.PP 5120 F1 PP_5258 KJ§T Pseudomonas
putida KT2440U52), CGS9114 _RS10340 A1 CGS9114_RS09725 KI5 T C. glutamicum
S911411521, f S JRFE R {E P. acidilactici ZY15 HFRETRIE. 1565306 6 A FIRIE A
SR RIE TR pZY36e H, 8k B ALE AN 6 AN E4H 5k % AL 2] P. acidilactici ZY15
o, 18 %] 6 £k = 4l E #k P. acidilactici ZY15(pZY36e-ZMO1885) . P. acidilactici
ZY15(pZY36e-PP 3151) « P acidilactici ZY15(pZY36e-PP 5120) « P. acidilactici
ZY15(pZY36e-PP_5258)+ P. acidilactici ZY 15(pZY36e-CGS9114_RS10340)F1 P. acidilactici
ZY15(pZY36e-CGS9114_RS09725). Z Ja A TAE MRS 175 E IR & oy e K464,
HApSHAREN30gL [ 4-REEFEE. 0.6g/L T HEM 02 gL MEERE GRE
ZM3.3.1 IR A E IR S, LS A 24BN P. acidilactici ZY15 Jyxt i
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#, X6 MREHFEMIT 7 RN (B 3.4) o RAVEIIBERE M D-FURR A, MSZié
SRWLUEN, AFREMEMENXRESE T, EHREK P acidilactici ZY15(pZY36e-
CGS9114_RS09725){E 8 %I HETHFERN D-FLER A/ b B R AR T FoAth UK .20 18 DA R %) R BR
o

P. acidilactici ZY15(pZY36e) (Control)

P. acidilactici ZY15(pZY36e-PP_5258)

P. acidilactici ZY15(pZY36e-PP_3151)

P. acidilactici ZY15(pZY36e-PP_5120)

P. acidilactici ZY15(pZY36e-ZM0O1885)

P. acidilactici ZY15(pZY36e-CGS9114_RS10340)
P. acidilactici ZY15(pZY36e-CGS9114_RS09275)
G

lucose consumption

(@)

Glucose (g/L)

D-lactic acid (g/L)

OI i 6 12 18 24 30 36 42 48
Time (h)
K 3.4 EHBEKRTEEAHEEME T REBEM
(a) WEPEHEFE; (b) D-FLERAES”

Fig. 3.4 Fermentation evaluation of recombinant strains under mixed phenolic aldehydes stress

(8) Glucose consumption; (b) D-lactic acid production
REEFAE: itk MRS 859838, WEMEWIIGKRIE 35 o/L; AT RLIKE Smeg/L; [H 0.6 g CaCOs/g K
P77 pH.
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EZATHIBE I, @I Xt Z. mobilis ZM4 [ KT bt kL2 M Al AL iE
JiR Bl 45 B BQ (1) B BE ], K LR SRIA KPR s 1) BQ FEMREERILE Z. mobilis ZM4 H
BT RIE, 75 BQ BHAMIE T, EA IR Pt Pl JATIERE T 51 BQ
BRAEAE 1B I PR FE ) ZMO1116. ZMO1399. ZMO1696. ZMO1576 Al ZMO1984 /3
JAE P. acidilactici ZY15 Wb AT 3k « FFIAE (177 V25 B 2445 21 5 PR EE 4 1 ik P. acidilactici
ZY15(pZY36e-ZMO1116) . P. acidilactici ZY15(pZY36e-ZMO1399) . P acidilactici
ZY15(pZY36e-ZMO1696) . P. acidilactici ZY15(pZY36e-ZMO1576) Al P acidilactici
ZY15(pZY36e-ZM01984). 2 Ja AN EHEH 50 mg/LBQ (GKEZHE Yan ZDOIE A ik
FEHPIRF P acidilactici ZY15 X ERZEAGE P 52 VA6 R H 05 4E FH 1 BQ W)
ff) MRS 557555, K4S #5kIY P. acidilactici ZY15 5HE/A 2 EAH BT T
RV (R 3.1). &it 12h BB, iR USR], 78 BQ IRE N 50 mg/L 1)
WIREETN, BEAW P acidilactici ZY 15(pZY 36e-ZMO1116)1¢1% % ¥ & S D-FLER A7~ 0y
N 18.9 g/L 1 18.8 g/L, B P acidilactici ZY15(pZY36e-ZMO1399)% %) Wi iH k& [
D-FLERA =75 4 18.6 g/L F1 18.6 g/L. Kk ZMOI1116 F1 ZMO1399 [P Ik E 4H AR A
BREFEF D-FLEE AR 7= AR T At LA 32 28 v A5 A 2 5000 1Y) S5 468 B ok

* 3.1 EHAEKE BQ MHE T KRB

Table 3.1 Fermentation evaluation of recombinant strains under BQ stress

Strains Glucose D-lactic acid
consumed (g/L)  produced (g/L)

P. acidilactici ZY15(pZY36e) 15.1+0.0 15.0+0.3
P. acidilactici ZY15(pZY36e-ZM0O1116) 18.9+0.0 18.8+0.0
P. acidilactici ZY15(pZY36e-ZM0O1399) 18.6 0.0 18.6 0.0
P acidilactici ZY 15(pZY 36e-ZM0O1696) 16.4+0.3 14.8+0.2
P. acidilactici ZY15(pZY36e-ZMO1576) 13.7+£0.7 12.7+0.2
P, acidilactici ZY 15(pZY36e-ZM0O1984) 12.7+0.0 12.4+05

RIGEFAF: PEMPIMAAA Ry 50 mL (1) MRS 55755, BQ WS INZ4ik B2y 50 mg/L; i & BEWI 46K
20 g/L; ZIFELAIKE 5mg/l; 42<C, 150 rpm K 12 h.

i I B 2H B MR AE By SR AR D B PR B TR IR IRV, B ZAF 21 T By ET 52 (1) Rl R
CGS9114_RS09725 L)} BQ M} 52 A LK ZMO1116 1 ZMO1399. 1 T 13 E A 40
il N 32 fe 7 32 = PR AR e I TR T MR, IR b TR I A5 B B A R
CGS9114_RS09725.ZMO1116 F1 ZMO1399 53 %4 2| P acidilactici ZY15 WFEF4H |,
I EE AL N ackA2 FERIN jAL o e 443 31 1 By BE R 52 HH R B #E S WIPR P, acidilactici
ZY15- A ackA2::CGS9114_RS09725, BQ i 2RI A B P acidilactici ZY15- A
ackA2::ZMOI1116 A P, acidilactici ZY 15- A ackA2::ZMO1399. 7E 1 TH TR 78 5256 £ 250
18, P acidilactici ZY15 7] CASEELN & R FeAL (B EEEXT P acidilactici ZY 15 1401
VERER, BB MR & B A& Ae, v DASEIN S J s 40D, (HARE B
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BQ, BUTE P acidilactici ZY15 FA R4 BQ FE#iE12. IAELE P acidilactici ZY15 [
RIZH _EHEA— AN BQ FEREEN, 848 P acidilactici ZY15 F 4 BQ i1z, NT
A5l B ok B 40 1 3 T PR DR T A HE AR LA, 4 B S R RAE A R BQ WK JE T iEAT
THRESHRE R . FEEIHIIGE R, KIRGEE BQ WEE, BEEWME P acidilactici
ZY15- A ackA2::ZMO1116 HAE KB € BAEH &IHE S BN 20 g/L (] MRS K FR & H ] D-
A8 A 15 g/lL, T EEEK P. acidilactici ZY15- A ackA2::ZMO1399, R ILAEYI1L
SR ERAIPE T YIS BB A B R P acidilactici ZY 15- A ackA2::ZMO1116 347
GRS

333 EEGRPRENE LA RE AR TR RE VA

f£ P acidilactici ZY15 H R4 %G ik 2 10 H 8L CGS9114_RS09725 Al
ZMOI116 J5 , 13 2 7 My B W 32 AH K B ¥ & WM P acidilactici ZY15- A
ackA2::CGS9114_RS09725 , BQ 1 % M KX W ¥ & W ¥ P acidilactici ZY15- A
ackA2::ZMO1116. 9 7 R FUEG RS 1 B &5V AL RE 71 DL AE T 30 P o a3
BT RS R R B R A9 B, AT G B AREEAT 1 314 A RE ) Ak %
PEREMI VAL -

EEXF I SS30HIY, ARITIRN 3.3.1 SRR AT T ISR, FEES P
acidilactici ZY 15 [FFNHIVEF B oNaRE, R BRATTE o AL B4R 50 Hp 8 BT 0 75 F X
—RMH . SRAERARKAER T EERIKRE (023 /L HFEE) LLARITIHE
R EFERIRERE T RS R, REEFEREEEBIRET (025 g/L FHEEE)
WS H IR P acidilactici ZY15- A ackA2::CGS9114_RS09725 HHATIAE (& 3.5), fESEZIG
WA, ) MRS B4 FR3E b ANE R INZIREE N 0.25 o/ HIEFERE, WS P acidilactici
ZY15- A ackA2::CGS9114_RS09725 W& HEREFEAGRE J1idtAT TR A (B 3.5 @), JExd
LG AR T LRI, AN T RGBT R P acidilactici ZY 15, ¥4 R & BLRE ) #610 BE
WA E, RIZEAH A A sI e 8 T, 7T DA B 20 1) A R A N T MRG0 7 2
Bf. ZJ5{E MRS $5FREEPUIN 025 gL &HEE, SEBEEEK P acidilactici ZY15- A
ackA2::CGS9114_RS09725 AT T KEEVEA o M AH B A K A8 47 B T FE O SR 06 25 ok A

(K35 b)), BEH P acidilactici ZY15- A ackA2::CGS9114_RS09725 W &AL T Fi4h
Hbk. K240 )5, JRIAHRE P acidilactici ZY 15 824 W) D-JLER“ &8 11 g/L, BAEH
PRI D-FLIR &8 17 g/L, FHEL T IR G R, D-FLIER KPR I 3 i 54% (B 3.5 dDs
DL S gt e IR, CGS9114 RS09725 N & T P acidilactici ZY 15 X}
THEERNN 6], @i HArw TAERNG S 7 & EREZ AR SRS Wk P
acidilactici ZY15- A ackA2::CGS9114_RS09725.
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Parental strain  —2&—Vanillin -5-Vanillyl alcohol -8 P. acidilacticiZY15
Engineered strain —a&—Vanillin  -&-Vanillyl alcohol —@- P acidilacticiZY15-AackA2:: CGS9114_RS09725
a) Vanillin conversion 6 - (b) Cell growth
0s @ 0.15
5 4
03 %‘) 4 1
g 01 3
= 02 ® O
= L
& =
= 005 § .
0.1 -
1
0.0 0 0o ——
0 6 12 18 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h) Time (h)
- P. acidilacticiZY15 -8 P. acidilacticiZY15
8- P. acklilacticiZY15-AackA2:: CGS9114_RS00725 -8~ P acidilacticiZY15-AackA2:: CGS9114_RS09725
30 (c) Glucose consumption 30 - (d) D-lactic acid production
25 4 25
-+ )
__49 20 ) 20
g 3
e 15 T 15
o
=1 =
o (&)
© 10 ] 2 40
[m]
5 ] 5
0o 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h) Time (h)

[ > . g0 o o v N,
3.5 FHEREE FTEEE P acidilactici ZY15- AackA2::CGS9114._RS09725 WAL B )71 R %
b\

TEBEVRAT

(a) FHEHAL: (b) ALK (o WEREME: (D D-ARAEM™
Fig. 3.5 Evaluation of vanillin conversion and fermentability for P. acidilactici ZY 15-A

ackA2::CGS9114_RS09725 under stress of vanillin
(a) Vanillin conversion; (b) Cell growth; (c) Glucose consumption; (d) D-lactic acid production

Yan Z5DOIE 7 BT 7L TAE R C @RISR E 1) BQ X P acidilactici ZY15 IAEK
MUR Ve Re 22 A sm ZUR AR E R, TR =B R0 BQ PRI N EE AR OB HQ =Xt
FR S FM | Mot 52 1 F ZAE MG . 2 JEEmWKE BQ Mia T, AT EEHK P
acidilactici ZY15- A ackA2::ZMO1116 1) BQ ¥4k e )1 LA KOk BEE R AT 1T Rl 3 A (&
3.6). M 3.6a i LUAIL, 7E MRS £57REEH4MEAR N 0.2 /L 1 BQ, i#id HPLC &
MoK, BEHE P acidilactici ZY15- A ackA2::ZMO1116 7% 5% BQ HEATREM, I H.
o E A =) HQ 3B N, JRIGTHE K P acidilactici ZY 15 Toi%:FEf# BQ. 2 J5 18l MRS
Frgedk, BN 0.2 g/L BQ GKFESHR Yan 25 07E T K FT /K M 3R 58 sk B BQ %ot
PR TP R (1 s e I 2 VR R I BQIRBED, 76 1 L R T Hh 0 B4 & R Ak P, acidilactici
ZY15- A ackA2:ZMO1116 34T T KEEVHAN, ST RIGH I P acidilactici ZY 15, &4
Pk P, acidilactici ZY 15- A ackA2::ZMO1116 15 5 H185 2 M AN ACHE (A QHE R L ictg, wfe
B FIEIEN ZMO1116 43 P acidilactici ZY 15 35 R4 _F 5 45 3R AT i %
TR, FEPEREE NS, (AR e SR RIRI MRS, G R T LUK s EE e
BQ M NEATCERRNEN HQ, 148 kA BA BQ MR 1, BT DATE K B2 )5 B 5 46 B
PREEARAFENE, BAERKTITIER IR (K 3.6bc), &1L 72 hMKEEE, JRiGHE
Y P acidilactici ZY15 ¥] D-FLIRAEF“EN 62 g/L, BEHEW P acidilactici ZY15- A



HEREIRF WELHAR 55377
ackA2::ZMO1116 () D-FLERE =8N 82 g/L, ML T IRIG B Ik, D-FLIR K BER 32 5 32%
(Bl3.6d). ML ERREESRATUUEH, EKER BQ MHE T, ZMOI1116 (542
& VJRIEERR P acidilactici ZY15 PR EVERE, @i B i TAERNS R 7 KB 52 58 7
ISR TRER ¥R P acidilactici ZY 15- A ackA2::ZMOI1116.

Parental strain —-+-BQ -8-HQ —&—Glucose P. acidilacticiZY15
Engineered strain ——BQ —&-HQ —A—Glucose P. acidilacticiZY15-AackA2::ZMO1116
02 (a) BQ conversion 70 - (b) Glucose consumption

J0.15 —_
E s
g
g 01 8
o 4]
m
0.05
o -5 I -
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time (h) Time (h)
-A—Xylose  P. acidilacticiZY15 -&-D-lactic acid P. acidilacticiZY15
—A—Xylose P. acidilacticiZY15-AackA2:: ZMO1116 —B8-D-Lactic acid P. acidilacticiZY15-AackA2::ZMO1116
70 q(c) Xylose consumption 100 5(d) Lactic acid production

Xylose (g/L)
D-lactic acid (g/L)

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

3.6 BQ WA TBEHER P acidilactici ZY15-AackA2::ZMO1116 WIEALRE /1R B BE YR
(a) BQ #4t: (b) M&MEHFE: (c) AHEHFE: (d) D-FLRAE™
Fig. 3.6 Evaluation of BQ conversion and fermentability for P. acidilactici ZY 15-AackA2::ZMO1116
under stress of BQ
(a) BQ conversion; (b) Glucose consumption; (¢) Xylose consumption; (d) D-lactic acid production

3.3.4 BARMRAYER D-ARKH

CGS9114_RS09725 FER [ BEAIR S T P acidilactici ZY 15 X & HEE I ALRE S, I
HAE P acidilactici ZY15 (LR H TS ZMOI116 R )G, FHEKES T BQ i
o N TIRFUAE LR A4 A% &R 8 G BE R T 3w Pt 52 58 71 2 S e 28 &,
FAI1#EAT T SSCF.

2 TR, YIRS EKFEFT, A TS WM P acidilactici ZY15-
A ackA2::CGS9114_RS09725 WK EEVERE (K 3.7). AEWIEfa, PRl i 4314
P E ik, FRA7 0.04 g/LA-FRIEFEHEE, 023 g/l HHEEM 0.56 g/L T &S . MAREL
RO LB, BEEW P acidilactici ZY15- A ackA2::CGS9114_RS09725 FEAAT LAFETE K
Ay R, B D-FLERAIFE BN 114.8 9/L, TR EE K P, acidilactici ZY 15 %741 & FE R
RGHE RS, R& D-AER 8N 101.0 g/L. M T HIEHE K, BEHk P acidilactici
ZY15- A ackA2::CGS9114_RS09725 W) D-FLIR ™ 218 5 14%. @i R 0, WMy Rt 52
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FIIER CGS9114 RS09725 #8453 P, acidilactici ZY 15 FER A, $&m 1 B MR & S
HIALRE 71, DRIUGAE & A & R FORFEAT T, RS R AR K I Re R 3] | —
herE

Parental ——Glucose —H-Xylose —©-D-LA

Engineered strain —A—Glucose -B-Xylose -©-D-LA
120 1

100

80

60 4
40 B

20

o

Glucose, xylose and D-lactic acid (g/L)

Time (h)

Bl 3.7 BEHEE P acidilactici ZY15- A ackA2::CGS9114_RS09725 R F KFEFFiE4T SSCF PAAE=
D-FLE&
Fig. 3.7 SSCF of D-lactic acid production by engineered strain P. acidilactici ZY 15-/
ackA2::CGS9114_RS09725 using corn stover feedstock

RIEKAT: FARFEFTE S8 30% (wiw) ;0.04 g/L4-FRRE 8B, 023 o/l FHEEM 0.56 g/L T 7
e 5 LAY RN AR 1% 10 mg SH/g ZF4ER A Cellic CTec2; pH #5774 25% (w/w) Ca(OH),,
LR pH 5.5,

K F _E TSI ) 7 VK BORFE AT AT A0 B, 7E AT AR EEIA I, JE Y IIE K T
J FE I 1A] CBR 2580 70 By e R4 4D, AR BQ HIMKRIE N 0.03 g/L. N THRFT
FE SR A 4E 308 R T 55 BRI OR BRI 2 5 ) 2 B AR 2158w, (A HiR b5
T KFERT AR, XA B P acidilactici ZY15- A ackA2:ZMO1116 W) R FEEREHET T
WA (Kl 3.8). HARELERATUEL (B 38 a), BAEEK P acidilactici ZY15- A
ackA2:ZMO1116 & WL K IEIRE N 121 g/L, JRURHHE P acidilactici ZY15 B
FURRWKE Y 112 g/l #EAT AV RIS R BQ KN 0.03 g/L, 7E BQ kR
IRAIPREE T, 0 46 B R AN 8 B R ) P 8 5 B2 IR AN AR R A, & B 5 1) SR ™ B 22
FHARMK . ZEEFERFFINRIN 0.3 gLBQ, £k 72h KEEG, MLt Ry
LA 3] (B 3.8b), JRUREMK P acidilactici ZY15 4 W) D-FLER =84 102 g/L, &5
Pk P acidilactici ZY15- A ackA2::ZMO1116 217 D-FLERF= &N 123 g/L, FHLLTJRIGE
¥, D-AMRF=ERE 21%. £ P acidilactici ZY15 FE[R2H 3 E KB P A SR A
ZMO1116, 15 E % BQ F#fifigAz, LA rﬁiﬁﬂﬁ BQ AL EEATFH IR HQ,
PRI AE A8 0 v T B A5 P P A8 IR R S 4T AE AR Ry, S AR FLIR R I 1 e 15 29 =1
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(a) The original corn stover containing 0.03 g/L BQ

ZY15 —S—glucose  Hxylose ——|actic acid
160 7 zM011116 —©—glucose  —B-xylose —A—|actic acid

140
120
100

80

D-lactic acid(g/L)

60
40
20

(b) The original corn stover with 0.3 g/L BQ

ZY15 —&—-glucose -B-xylose ——lactic acid

160 7 ZMO11116 —@—-glucose  -E-xylose —A—lactic acid

140
120
100
80
60

D-lactic acid(g/L)

3.8 BAHIR P acidilactici ZY15- A ackA2::ZMO1116 FIF B KFEFFHEAT SSCF PAAER= D-FLER
Fig. 3.8 SSCF of D-lactic acid production by engineered strain P. acidilactici ZY15-AackA2::ZMO1116
using corn stover feedstock
RIS FORFEFFE &8 30% (wiw) 5 5 LAMRNAS: %I 10 mg 8 /g ZF4E R Cellic

CTec2; pH WHi7N 25% (w/w) Ca(OH),, fdi H4EFFAE pH 5.5,
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3.4 AB NG

ARSI, W RN TR, 19 3 B 32 B ) 52 = 1) B A B i P. acidilactici
ZY15- A ackA2::CGS9114_RS09725 FLEA KR [ i 5E /1 145 Btk P. acidilactici ZY15-
A ackA2::ZMO1116. FEMyZEINHIYIHEIAE T 64T SSCF, FHLL T Rk, WkES
WA D-FALRR - B8 — e RS .. AFERNF LSRN T

(1) XTI SANEI Y, FEEEXS P acidilactici ZY 15 FANHIVE A &R EL, Hik
= T, 4-BEEBEEXS P acidilactici ZY 15 ARG MW . I35 H P acidilactici ZY 15
A CLSEELNS 4-F2 R R A B e AL, (R IR RE A T & . X ERZEI R4,
P. acidilactici ZY15 H 5 A B4 BQ [EfiREE )1, —EIREN BQ XI P. acidilactici ZY15 1)
A KRR B R 2 P AR AR

(2) 7E P acidilactici ZY 15 JEKH 8L CGS9114_RS09725 K, 133N A Bk
P, acidilactici ZY15- A ackA2::CGS9114_RS09725, {EWFEN 0.25 ¢/L FHHEE (HIKFEXT P
acidilactici ZY15 Z7=AsmZINE])D PHEIREE T, MEETRGER, P acidilactici ZY 15-
A ackA2::CGS9114_RS09725 *F F& M ¥ AL ee 13 m . FIAER 78 BQ FE AR A
ZMOI1116 ¥GAE P acidilactici ZY15 WIEFAF, BEWHK P acidilactici ZY15- A
ackA2::ZMO1116 F.4 T BQ F&ffizis, m LG mEER BQ A NEEA LM HQ.

(3) BARFEHE L EMEEHIFAR LI G117 SSCF. BE WM P, acidilactici ZY15-
A ackA2::CGS9114_RS09725 {ER B MHHFEA D-FLIRA M= O BAL T R G B bk, A5
IR TR T P acidilactici ZY 15 X & SRS 52 6871, By RSN A T A BT £F
AER LR KR T — MR R

(4) R (0.3 g/L) BQ WHERIMEE N T SSCF, X T HRIGH K, 2EW
Pk P acidilactici ZY15- A ackA2::ZMO1116 [¥) D-FLER= E4E 1 21%. LK TREAE P
acidilactici ZY 15 [F)JER2H E#E BQ MERIE R H B4 BQ FEfifRe /1, ek EE BQ i
BT AR 4E 2 IR R R AL 1 — A Atk .
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5 4Z Pediococcus acidilactici $0 = Fiit =4 T2 E kA&

41 3|8

FUERRENME I N T 2 AU 7R & AT E TR SRAE A AR EEFR] . CRIE AT
WRAEE, BT BRI AR, AT DUE KA G A7 R g ] 1071081, 7 5% 24 75 T i T 3L
R AT 5 A A BUR o S5 A SERE R, R E RN 7RO T AR N B FE R P YA
AU I R R B AR T B IR D RE R AL AR AR AT L FLRR A A S R i A o
SRSy, AT LA RO OREE R R BEIE B, B b A g AR A

AR 7= FLBR NI 77 1 F R il A M R i, BASE A — 58 W FE 1Y) NaOH ¥
FUR = LR EL S BIFLIR AN, TEIR S ALRR NS 2R BT AE 1] T 208 4R, BRMRAE ™
JRAR Y 7] F AR 0 R g AT FLIR AN AE P~ 1) S AR B, 75 B R AT AR B, Tl
AEFR R R IR  BRER A AL T 2 S BUR R A4 2K P E R REN & B &S
T, HA s+ (Na®) AN EYERIHOR T pH A2 A s 4R I MY 4 8 B 11241230,
1 Na 1 Bl — 78 3 P o 2 068 A A QU AE DG PRl 7= 25 5 e W01 A B2 R PR (909 0, g
) v K 2T 4 2 LR S 126128 R SRS AR T AR P acidilactici BEAT RKIEAE 7=
FLERENIT , — B W FE () FLRR A2 X B bR B PR AR A, PR 2 AR I AL P H B b
H A% T FLERAN IO 78 = B vh e SR b A B, TR RE Y R BHE IR m FLIR N - &
IR FELL A D o MAHSCIEFE A 1S, AR IAE Na R FER R PR EE 32 2438 5T Na/H i
) i 18 B EORAERF IR AP AR AR S, BRI N B il BE ) Na oM, SRIg /b X T 14
[ fe 152, Yang ZEUSSIRSE Y Naf/H W [m) 4% 328 R A Ymig 2L K] NHAA (ZMOO0119) W
WPk Z. mobilis [FANES Tt 5214 - Gao S5 — B 9T 1 SCHE B Rl ZMOO0119 2 /51 Na'ifi
ZYERIPERINLE], FRE & & Na" R AR A 4E 3 R T 7 RV . Bk, 8
Fgmhg Na®/H 1 [ 532 85 A I3 RIE AR SL % P acidilactici FATIERIE, kit — D42
o R PR TE 3 ) Na VR FE o R FLER BN 1 7= &

KWFLL P acidilactici ZY271 NHWE, 1%&$% P acidilactici H 5% Na*/H 1
[ 8 B F AUFE R Na'/H' antiporter RS02775, {E P. acidilactici ZY271 FHEHTiE F#IA .,
TESEB BT IR IR 5 T ARIKE Na“ %} P acidilactici ZY271 FIAHITER, Z 516 13.5M
NaOH BWAE ARG, EFEGEN 25% (wiw) WEFPEAEK P acidilactici
ZY271(pZY36e-RS02775)i4T T KEEVIAN o AHE T B 15 2] —Hk Na'fif 5268 138 = &
B, N Na e AR A4k 22 AL B = e An R IR AL 18 Rk
42 MEEFE
42.1 k. IR LIEIRITE

Na'/H" antiporter RS02775 KIRT P acidilactici DSM20284, BEMRIRAE T ARSI .

E. coli XLI-blue. A. resinae ZN1 Fl P acidilactici WI553% 7R FEFRFEW 2.2.1 A
3.3.1,
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422 Jikl BES5EH
ARELIG P E S 2.2.2 AR ZH 9E R, 3T —5.
AT AS T 2 4 iR L 2.2.2.
423 kiR
AEF G HBBRL. 5IYIHER 4.1, HHEFIEHE P acidilactici DSM20284 13
RIZH, DAHOABOR Y 815 BB ATT AT T 2L Kl Na'/H' antiporter RS02775. FITfi F (ZR1L
ki pZY36e fif 7 7E AL = b, S NEF VAL s Xbal 1 Sall, ¥ Na'/H
antiporter RS02775 4% pZY36e b, A& AF R HEA TR pZY36e-RS02775.
B Em A R AL R P oacidilactici ZY271 . AR SET 3.24.
4.2.4 SSCF ULit47 FLIRN A~
/NZEFEFT SSCF HAIRIE TS 2.2.5.
4.2.5 HPLC il 7%
R 77 v VE WL 2.2.3
42.6 PGSLREE PCR (qRT-PCR) 73
SINTITIEVEDL 2.2.6.
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R4l EHER. FRANGY

Table 4.1 Strains, plasmids and primers

Strains Characteristics Sources
E. coli XLI-blue Host for plasmid construction Stratagene
A. resinae ZN1 Biodetoxification fungus isolated in our lab [45]

P acidilactici 27Y271 L-lactic acid production strain Stored in our lab
P acidilactici ZY271 (pMG36e) P. acidilactici ZY271 contains empty plasmid pZY36e This work
P acidilactici 27Y271 P, acidilactici ZY271 contains Na*/H" antiporter RS02775 expression plasmid pZY36e- Na*/H" This work
(Na*/H* antiporter RS02775) antiporter RS02775

Plasmids Characteristics Sources
pZY36¢ PIdhD replacing P32 promoter of pMG36e [94]
pZY36e _RS02775 Na™/H* antiporter RS02775 was inserted into pZY36¢ at Xba I and Sal I This work
Primers Sequences (5°- 3°)

PldhD-F CCGGAATTCTGCTCTGGTGTGCAGACCAGAC

PldhD-R CTAGTCTAGATGTAATATTACCCCTTTCTTTTTTA

Na*/H" antiporter RS02775-F CTAGTCTAGAATGAATATTTTGATTTCAACCTTT

Na*/H* antiporter RS02775-R ACGCGTCGACTTAAACCATTTGATTTTGTGGA
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43.1 L-ALBAEP Bk P acidilactici ZY271 XN T I 32 PE PP
A5 AU W R IR A 7 LR, A2 TS RE SR AL B 1 1 A% DA S A ) R B A 2
BHERER Na's — 8B ) Na < 01 P ok (0 VA 7 4710 1) v 2050 21 4 2 LR 4 1
(30331 R b A S 36 R B TR IRATINT P acidilactici ZY271 WIANES TR 52 M 3047 1 34 (B
4.1, FAMER MRS £5 7525 HAMER A FREE R Na*, 739008 0. 5. 15 125 g/L
CHr B AN I FLIRAN, W 2> BN 0. 24, 73 A1 122 g/L). K 48h o, MK 4.1
Al LA B AE KR R HPIME Na WREZEZEETIE S, P acidilactici ZY271(pZY36¢) 1
FE AL R I8 2 2], 4 Na 38N 2] — e ik R, 0 58 A3 FLER AN I A= 7= i
RIS P acidilactici ZY271 SPENES T HOBUR, — @ iR BEERY) Na™n] B 2476 B ik
[ R BEVERE .

P. acidilacticiZY271 (pZY36e) in different initial Na® concentration

OResidual glucose
110

100 |
9 |
80 |
70 |
60 |
50 |
40 |
30 |
20 |
10 |

@ Residual xylose

W L-sodium lactate production

Sugar and sodium lactate (g/L)

without Na* with 5g/L Na*  with 15g/L Na* with 25g/L Na*
(0g/L (24 g/L (73 g/L (122 g/L
sodium lactate) sodium lactate) sodium lactate) sodium lactate)

B 4.1 P acidilactici Y271 V8 F KT S HERAE

Fig. 4.1 Evaluation of the tolerance of p. acidilactici ZY271 to sodium ions
KESATF: & 100 g/L glucose A1 50 g/L xylose ffaifk MRS }¥5553%E; | L AEWIR N #%; N7 0.
5. 15g/L. 25 g/L ff] Na*; 8] 13.5 mol/L f] NaOH VAWK S pH £ 5.5.
4.3.2  Na'fiif 5 {4 TR B PR RO AL) S B B 4 T Ak 1) R B P RE VP A
N T $EE P acidilactici ZY271 B Na' Ty 526877, fERERLE Na W EE S IS ™)

RETF BITEAR L LR AN, FRA TN BRAR B P acidilactici ZY271 AT 1 AH L) 3 R 24
o TERITIRMTIELIR , TRATBERE T P acidilactici F 5 4wh% Na'/H ¥ [7) 512 B 3 1) BT
& ( Na'/H" antiporter RS02775 . Na'/H" antiporter RS02845 . Na'/H"
antiporter RS06435 F1Na"/H" antiporter RS08600), LA} P. acidilactici 5 5 ] )5 #l-¥- PldhD

(pZY36e), WIXUILKLE P acidilactici ZY271(pZY36e)F ATt ik, 55 4 #kEH
Ftk. E MRS £575%E PR ED, HH 13.5 M NaOH ¥ AT pH, X 55 20 B i
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AT TR EEVEY o I I AR K AR RE R I, i3RI Na/H antiporter RS02775, W HH &
P R E Na'Ty 52 68 /1. S RATPIL TILH WK P acidilactici ZY2T71(pZY36e-
RS02775)#47 T JE4E5050 . R SuE s 4 H 12858 5 Nat i R AR B 4F4E R AR
BRI, I IRATAE 3 L AR R B2 o A P acidilactici ZY271(pZY36e-RS02775)
AT TRV (B 4.2). SEIRH R BAR R4 600 mL MRS #5753, H 13.5M ) NaOH
AT PH AT, KB 72 h 5, T8RRI E G E P acidilactici ZY271(pZY36¢)
KFLIRN =8N 97.9 g/L, BHHW P acidilactici ZY271(pZY36e-RS02775) I FL RN~ &
N 121.1 g/L, X FIELEHE IR, P acidilactici ZY271(pZY36e-RS02775) ) FLER 5N~ B2
T 24%. A LAE Hid %0k Na™/H' antiporter RS02775 J& A mJ B & $2 B B R ) Na'fiif 52 g
71, MR LR '

Sugar consumptionand sodium lactate production

ZY271 control ZY271_RS02775
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© [
@ [
= } 100
= [
b= - 80
w L
T [
@ L 60
o [
8 [
>< L
) D 20
o
S
) 0

4.2 ETBATEHER P acidilactici ZY271(pZY36e-RS02775) ] KB BEPEAN
Fig. 4.2 Evaluation of fermentability for P. acidilactici ZY271(pZY36e-RS02775) under stress of Na*

RIS & 100 g/L glucose 1 50 g/L xylose fIfaj{ MRS ¥5353E; 3 L B Mids: A 13.5M
) NaOH &S5 pH & 5.5; 7F 42°C. 150 rpm N &% 72 ho

NTRFAEE SRR YRR R N HEAEK P, acidilactici ZY271(pZY36e-RS02775)
(1) Na'fif 52 Ge 12 5 A Brde s, 78 5 L AN, MBS ERN 25% (wiw) 1
INEREFFHEAT SSCF DIA =3B (B 4.3). KB 96 h 5, BUAHIE P acidilactici
ZY271(pZY36e) I FLER SN 7= N 103.4 g/L, TEAWEM P acidilactici ZY271(pZY36e-
RSO2775) I LR N &N 141.6 gL MWK R, EHRK P acidilactici
ZY271(pZY36e-RS02775)%} il & WEFIAHE FI AU R /1 B AR T IR ARt pk, Hom 241 L-3
FRAN = AL i 36.9%. £ P acidilactici ZY271 Fid %31k Na'/H" antiporter RS02775 F£[X]
Al RAR S E RN Na I 5268 77, 7E NaWa MR A4ERZA R T, BRI RN
(LR AN



46T LEBIKF Wil

Sugar consumptionand sodium lactate production

ZY271 control ZY271_RS02775
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Q 100 —&—xylose ——xylose 160
D —&sodium lactate —& sodium lactate
e 140
©
o 120
E
= = 100
3
w
o 80
©
© & 60
8
;>~ 40
g d—x—— 5
5 0

Tirﬁg (h)
Bl 4.3 EHERE P acidilactici ZY2T1(pZY36e-RS02775)F] F FFF#E4T SSCF PLAE P23, B4
Fig. 4.3 SSCF of sodium lactate production by P. acidilactici ZY271(pZY36e-RS02775) using straw
KBEFAE: [EER 25% (wiw) /ANERERT: SLAEYIRMES: /] 13.5M ) NaOH #HRSEI 7 pH
% 5.5; f£42°C. 150 rpm | & 96 h.
4.3.3  EAH EARPEAC R AT O B PR e sk /K~ 20 iy
I AE Na' il AE S R BEYERE VPN vl LLS S5 . 7E P acidilactici ZY271 itk

15 Na'/H" antiporter RS02775 L[, 40T NaWEE SMPHEHRE T, HAREK P
acidilactici ZY271(pZY36e-RS02775)%} T 781 %) HE FAHE (104865 58 7 B B A0 T 5 46 B Ak
XX — s R, ATLLE AWK P acidilactici ZY271(pZY36e) N *F a4, P
acidilactici ZY271(pZY36e-RS02775) N5LI6 2, 1EIR G & B R R BESAME T, X4
EINE, AREAH B AEACU B AT B OB BE R AT 1SN 2O E & PCR 5258 (qRT-PCR)

(Bl 4.4, MWSRBegi R U, ARBEREHEA T RIS (XylB). HEEME. #
ERERUIER B manX VLK 6-BEIR b R A RIS EEEES (Eno) JEPRIEFRIA i
W . 7255 B A SEIRIR AU AT IS 2, AREACH 5 T BE NS IR L FE 1 R4t L AL AE T
[FEVE RN, B P acidilactici ZY271(pZY36e-RS02775)%F AKE A IR, sk Ak
UL xylB BONTEER, F3KF BIRAE, BT WRER, HEEHMRE R R SN
SIMHTEHIRE, B manX FIAE . MHCSCEREE I, BE R0 H B HE-PTS RG22
A 33), ZEEK B Na a8 T, PTS RGP AU S B F 1S & T %,
MR T 4EFp IR A ARES , 75 2250 22 B AH Bt VE DRI OG0 B DR 3k B il i .
FAN—TH, TEJRIGHEAR P acidilactici ZY271 Fid 1A Na/H W [q) #5128 55 AR SE A,
5RO Na" MR RE T, FRAK T Na 0 s ik AR AH S I B B sz e, (R EAH
KRR )5 sk /K F B
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Fig. 4.4 Results of qRT-PCR on P, acidilactici ZY271(pZY36e-RS02775) Sugar metabolism genes and

acetic acid synthesis genes under stress of Na*
4.4 FEB/NGE

EARFSLIGH, @R T2, BR8N 75288 )5 m i E 4 B ik P. acidilactici
ZY271(pZY36e-RS02775). 1 [ & &4 25% (wiw) HI/NEREFTiE4T SSCF, KB %
HN N R NaOH AR SR T pH, AHEE T IRAE B K, P. acidilactici 2Y271(pZY 36e-
RS02775) I FLER BN/~ EAF Rl H M. AFEMFEE R T

(1) ERWRERERZELT, FIH P. acidilactici #EATILERANAI A7, HALBRENK)
FERIA B — IR, 2% P.acidilactici R B AE RN . EE RN RS Natig
WRRZR, 2 Na i Bl — 5 W FE I 2 0 TR AR A DG P = A S 00e DT 10 1) 4 T 4 M ) v
77, RETTH0H] = R £ 4 2R FLIR BN R B2

(2) ¥4mh Na™/H ¥ a1 5% 12 25 (A 2% K Na/H" antiporter RS02775 {E P. acidilactici
ZY271 T RIE, E Na WRER ST, M TG wEEk, EHEE P
acidilactici ZY271(pZY36e-RS02775)HIFEA U E J1 AN LR BN K = 38 P vy J et 2
R LFEAE P acidilactici ZY271 1] Na'Tit 52 Ge 145 21525, Nk E Na' Bl T A 4F
o R IR R TR A — R AU R
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AR 2T 3R RS R AT A PR BARE P v ORI 5 DA B BRI H A2 ko 5 1 T ek I 76 4 FH
Fe R YER MDA BOR BT S A% O ) . BT IX S OC in) @, A1 SRR T IR
FLTAEWT

FESEI S MIRTI AR, 13 BIMARFLER L WMk P acidilactici TY112 (L-FLER) #
P. acidilactici ZP26 (D-FLIR), {H M AR CIESEIUANE A BN, 22 5 18 1 T ik A 2
TARBERS R, ARSI RAARPERRIRAN P acidilactici ZY271 (L-3LE&) M P
acidilactici ZY15 (D-3LH&). AIRSCEEL T ARFEFYEAIT ) 5 Fh 3= BEE0E, S0 b 2 1wk
P acidilactici ZY271 (L-FL.I&) F P acidilactici ZY15 (D-FLIR) AT 1 HBEFIIRE A HE
RIEGEVEYY, TRFTH PR AT DASEILA R FH B B IR, 2 JE B sega b i R BE I 5, 0 iy
TR AR A I A 5 32 ER RN 2 R A 5 3 B AR SRR R EAT T s /AP I b, M08 1 1 4
BEACH )2 T 0L o B TALER 5 B SRR AT A 3, AT LUK 2R L 55 IR SEIH4)
PEBER, (ERX TR SR RCRRAS, AR, SVEFEE > ShE . &
XM A, WA EER TR, ek T IR KRR P acidilactici ZY 15 X Tl 240
VI 5266 /g, 2t —B 5t 7 AEm RN P E T LT 4E R AR KR RE . PGB ) 1)
Vel e A AE & & B T IX — MY, IF Aol A e oy Uk 2, Hh sk
EHNE T, W ETa bR A 4R LR A B AR B R TR, Dok T Ridk P
acidilactici ZY271 X THNE TN 326870, HE— 25 7T ENE Fha a4 R AR
R EERE . R BRI

C1) ABE AU % A2 R ) S AN 2 SO MR B R T At BB O AR, HA Wbk P
acidilactici ZY271 (L-FLMZ) M P acidilactici ZY15 (D-FLI&) 0] DL R B2 Fh s, S22
T SRR AR R A4 R LR I AR

(2) MR P acidilactici ZY271 (L-FLB&) M P. acidilactici ZY15 (D-FLIR) {E
BEAT A RER P B R B R T, AAAAE R BRI AE S, JURRE AT SE B P A A . JF H
ACHE A A B AE BN B 1 g 2 D R0 T S b ) AR 3 o T T A A 5 26 R M
W W5 12 B [ AH SRS R G S /K (R o0 B s R ILGmAS H 854 PTS #5128 R4 I EIM™ &
() manXYZ FEDRERTHE B S RN - BB E A o i TRKEARIE 5 H B2 ME IR L A2 B AR
Gt Z [AAFAE D FEIE R, M EEAREAC BEAE J5 AR AT DUAT ROM I ORRE, i T EIfEH, 4R
MR AN T H B AT 2, [FI ] A8 A0 o R DGR R E— PR T,
Alis AR HAm B R b, Oy FLAth BT RAR FE0E 1) i 8O0 AR A 2R RO U

(3) BRI B AP, R i 2 B By B i 52 A 2L K] CGS9114_RS09725, id
R T, BES3 P acidilactici ZY15 WIEERIAF . fe PR A S ) A0 e 113 3
fem, EMERMEYBERHET, BESEWK P acdilactici ZY15- A
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ackA2::CGS9114_RS09725 4T 4E R FLIR K I 4E b i1 B B & A .
(4) P acidilactici ZY15 SERBEIFEIVE AR, HEH SN E LA RRRTI R
W 0 0 ) B AR B Rl R Rl ZMOo1116, @IS IER TR, A2 P acidilactici ZY 15 1
FERH b . RAEEFHIE P acidilactici ZY15- A ackA2::ZMO1116 F. % KRR e@ e, o]
DL 75 1 (P R B P N S A TE B I (AR o 7E R R P PR B8 A R, AR TR 46
Ik, A H IR P acidilactici ZY15- A ackA2::ZMO1116 [IEF4E R IR R BE RS 2042 5 .
(5) —EBWER Nat2Hii] P acidilactici ZY271 WIEAAK, FmiE] misisr
FURREN A 77 ik B[R T A2, K P acidilactici B 5 4ati5 Na™/H ¥ [7) 5% 18 55 (1 10 £ K Na™/H
antiporter RS02775 £ P. acidilactici ZY271 W72k, PUIIGE RN Na iy 52 58
77o 1E NaWKERE AT T, M T RIGWEYE P acidilactici ZY271, BEHAEK P
acidilactici ZY271(pZY36e-RS02775)WIFERH BE IR B3 &, Wt —Dim T a4 x5
LB R TR T o

52 AHA

(D) BRI E VK P acidilactici ZY271 (L-FLER) A1 P. acidilactici ZY 15 (D-FLIR),
B AR T R AT DS A R, OF HANAEAE R SIS AR, [R5 2 Fh s gk
PUHAT S e bR DR LR KB o 456 qRT-PCR AR, WAL 40 1 WAk A BEAR I 7 FAL
il A Je A A R PR D0 A B B8 0] FH i fit ik PR SR U

(2) B TR TREAARE 38, BTl i 128 H By SR AT P it 52 B0 25RO s 91
FAMH| VI a N LT YR IR K IR M 7 A7 Rk

(3) ARHFFBILFEE T, MR T P acidilactici ZY271 [¥) Na'li %2 46 71, Hmik
Na* i T BAR 5T 41 45 2% PR AN A B S fit — o A ik

53 RBHE

KIRSLEXS P acidilactici S HER By S T 52 F04H B i 523X JUA o] @A T
TS BCTIER T A B TR R 1) 3 I 22 b U ELAN A A AT BRI o AR RO 28
FOH AN B AR B ) R AR TR, NS S TARRME T — e S KR,
AR R BIH T, AR A SUH

(1) 1E Pediococcus acidilactici W& K20 _F#E BQ ML ZMO1116 5, fHRE R
B2 T W% BQ KIRE 1, (BEEAHN P acidilactici ZY15-AackA2::ZMO1116 {£5 Bik5 5%
B UL SRR R B AT AR, A7 CE AT SIRE AT e 0 BRI 1) f . £E SE5G =5 A/ I 78 T
E ORI, B IRAEA R A MR IR K. N 1 it — A =k T BQ MBI &4~
13 B E T i (I FLIR, FRATAT DA R EE IS AR h i D B IR4EAE R, B 2 1 e f ik B mik
FERI LR A=

(2) FHRHFFERB, pH X Na'/H ¥ [ & A i B A — @ sgm, R 3RAT
A LUK B R P acidilactici ZY271(pZY36e-RS02775)E JL/NANE pH (1 pH5. pHS.5 Al
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pH6) 2544 T of L ALBREAR AL P 1500, B2 M Re R L H —N&E 41 pH, RIS N 152
FE R P 1 LR

(3) BT, 405 RIE T Na®/H W [ ¥ 18 & A s L 7 3= B TR Escherichia
coli f, HIFLIZT AR 3354 NhaA. NhaB fll ChaA iX=2%. X Pediococcus
acidilactici H £ Na'/H"1¥i 7] 518 85 EAHCHLHIEH SR D, FRATAT LRSS B B ik P
acidilactici ZY271(pZY36e-RS02775) Na' i %2 RE /13 =X —I G, X EHHW P acidilactici
ZY271(pZY36e-RS02775)H & Na'/H" ¥ [r) %32 T A (W FAS LT IR 7L
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MisR 1 QRT-PCR EE K54
Gene Primer sequence (5°-3”)
Forward Reverse
Two selected genes of primers for glucose metabolism
16S rRNA GTCCATGCCGTAAACGATGATT CTTTTGAGTTTCAACCTTGCGG
glk CATGCTCGGTTTGGCACT TGAAGAACGCACGGTAGA
pgi CGCAAGCAAGGAATACAC TTACCTTCGGATTCACCC
Four selected genes of primers for xylose metabolism
xylA CACATCAATACGATACGGACGC CACATCAATACGATACGGACGC
xylB GGTTACCTTGGCAGCTGGATAT GGAGTCCGTTCTCCAACGATGT
tkt TTGGGAGCACGTTCTTTGTCTT TTCAATCGGCTCATGAGTTGGT
tal CAATCACCACGGTAGAACAGGT CTTTCAATCAAATGATGCGGAT
Three selected genes of primers for arabinose metabolism
arad GATACACCGCATTCACAA CTTCATTAAGCGATCCAAA
araB TGCAAACCCAGCTTTATT TTGAGGGCGTCTGATAGA
araD TTCCTGCTGTATTGGTTAG GTTTACGGTAGTAGTGCTTAT
Five selected genes of primers for mannose metabolism
manX-1 TCAACAGCGGAATAACGG TCAACAGCGGAATAACGG
manX-2 ACCGACGGAAAGATTGGG TTCGCTAGGAACTTGTTGGATA
manX-3 TACGCTGATAATGACGAG AACAACGGTCCTAGAAAG
manX-4 GGCTAAGGACGACAAACA TGGTCAAACGCCAATACG
mpi AACTTGCCGACTGGATTA TGCTTTGTTGGGTTTCTA
Ten selected genes of primers for galactose metabolism
galK-1 TTGCAGAAAAGTTCCATC GTAAGTTCCCAGGCTAAT
galK-2 GGTTGTCATCATCTGCCTCG GTTTCGCCGTCCCATTTC
galK-3 TAACTAAGGATGCGTTCGA TAGGTCGCCTTGTTTGAG
galK-4 TTCGCAGTTGGAATGGGTAA CGGCGTTCGTTGTATTTAGAGT
galT GGCTTCCAATACTCACCG TCAGCATTACTGCCCACA
galE-1 CGACTACAATACGCCTGAC GAAGAACCGAGGTTGAATA
galE-2 TACCCAACTGCTGACGGAACT  CTTCACGAGCGGCATCCA
ugp CCGCAGTTGATGAAGCAC GCGTCGGTTAATTGGATT
pgm CACAACGTATGGCTACCA TCTGCGTACTTAGTTTGACTT
pgi CGCAAGCAAGGAATACAC TTACCTTCGGATTCACCC
Ten selected genes of primers for metabolism of 6-p-fructose to lactic acid
pfk CAGAACACGGATACAATACA TACTTGAACCGCAAACAC
fba CTGCTGGATACAGCTCAG TCTTCTTCACCACCGATT
gap GTTGGAACGAAGACGAGGTA CCATTTGGCAAGTGAAGC
pgk ACAGCAATGAAGGCAGAA TTGTCAAGTAAGTGGTCGA
pgm-1 GGTTACTGCCTTACTGGGTT CCTGGTCCGAAATCTGTTC
pgm-2 CAGCAGTTCCGCCACATA TTCATTCCCTCCATCACG
eno-1 TCAAGATGGGTGCTGCTA CCTGAACGGTGAGATACG
eno-2 AAGGGATGGCAAATTCAA CACGGTAAAGTCCGCAAC
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pvk TTCGTAAGCCTCAAGACG CAACACCCATGTCACCAC
ldhL AAAGCCAGGTGAAACACG TTCCTTAGGGAAGCCAGA
Four selected genes of primers for metabolism of acetic acid
pkt GTGCTCACCAAATTCCAATTCC  CTTTGGCACGAAGTCAAGAATG
pta GATCAGTGGAGCCTTCCTCATG AAGCAACCTTAGGGTCAATTCC
ackAl CAATTACGGCGATTAAGGATGG CCAAAGAAACGTCGATGTCTC
ackA2 CTTCGACCAGGGTCAGGTTATC TTTCTCAGCTAGGAAAGCCACG
Thirty-three selected genes of primers for sugar transporter
glcU 0931 AAGAGCGATTCCACGAC TGCCTTCGCATCAACA
gfrD 0034  GGGTTGAAATACGGGTATC TAAGTGTTTAAAGGCTGGG
gfrC 0035  CATAATGATCTCACGTCCAA AGTGCTGCTCCCACCT
gfirB 0036  ACGGACGGCTGCTTT CGTTATTCCGCTGTTGA
gfirD_0098  CCGCTAGGCATTTCG CGATCCCGGTAGCAAT
gfrC 0099  CAATAGCAAGGGACTCGA TAACGCAAAACCGTAAGC
gfirB 0101  AACCGACGGAAAGATTG CTCCCTCATCGTTAGTCAA
gfrd 1474  GTAGCAGGTCTTAATTTACCAC  ATCTTTCCAATAAGTCATTACAGA
gfrB 1475  TAATGATGAAGTCGCTGGAGA CTGTATTTTGTTCCGCCTAGA
gfrC 1476  TTTGTCCCAAGGGGTAA CCGCCACTTTGAATAGC
gfirD 1477  GCCCTTATCGGCAATC ACGGTCCTAGAAAGAAACCT
manX 0095 GCATGGAAAATCAGCCA TTTGAAATCTACGGCCG
manX 0746 AAAATTTATCACGATCCCC GACCTCTTCCTTACCGACT
manZ 1351 TCGTCATCATGTGGTTCC CATCTTTCCTAAGTGCGC
manY 1352 GCAATACAACCGTTCGG AGAGTTCGTCGCCATGA
manX 1353 GTCCGGCAGGAGTAGATT GGGCGTTTAACCACGA
manX 1355 CGGAACTCCATCAAACG CCATTCCCATCATTACTTG
manX 1749 GGCCCTGACGATCTCA GTGCAGCAATTTCTTGTG
manY 1750 GGTCAAGGTAAAGCAGGTG GAGCAATGATGGTAAGCAA
manZ 1751 CAATGGGTGGCAGTATCTTA TGTAGCCGAATTCTTGAGTA
manX 1754 CTCGCACGGGTAGACAG CCACCAAAATCCGGTTA
celC 1411  AAATAATTAGTCACTCGGGC ATAGTCTGGATGTTCCGCTC
celB 1413  TGTTTGGGTTGGTGGAG AATGTTGAAAATGGCCG
celd 1414  GTGGTGGGATGAGTTCG GGTGCGAGGAGGACAA
celd 0032  GCTTCATCGGGTTTTATG CTTTTTTGGAGTGCTTCG
celd 0344  CGTTGACGCGGAAAT ATGCCGTAGTCTTGCATAT
celB 1127  CCAAACCATCCCATACAT TCATAACCACCGGAAAAC
gatd 1343  ATTTATCTTTATGCTTGCTTTG TCTTTGATTACTTGTTGGTTTT
gatC 1344  AGCTCCGCTCGTAACTG TGGTCCAAACTCCTCCA
gatB 1345  ATGAAAACACTAATGGTCGT CTTTATCCTGATTTACTCCG
agaC 1460 TCAACCGCCTAACACAGT AGCATCGCAAATAGCAAC
celB 1508 TGGTGGTGCTGGTGAAA CCCGAAGATGATCGGTT
frud 1576  CCGTAATGGTAGGTGGG GCTTCGCGTTCTTGTTC
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Strains Characteristics Sources
E. coli XLI-blue Host for plasmid construction Stratagene
A. resinae ZN1 Biodetoxification fungus isolated in our lab [45]

Z. mobilis ZM4

C. glutamicum S9114
P. putida KT2440
P. acidilactici ZY 15

P. acidilactici ZY 15 (pMG36e)
P acidilactici ZY 15
(pZY36e-ZMO1116)
P acidilactici ZY 15
(pZY36e-ZMO1399)
P. acidilactici ZY'15
(pZY36e-ZMO1576)
P acidilactici ZY 15
(pZY36e-ZMO1984)
P. acidilactici ZY 15
(pZY36e-ZMO1885)
P acidilactici ZY 15
(pZY36e-ZMO1696)

Genes ZMQO1885,ZM0O1116,ZM01399,ZM0O1696,ZMO1576 and ZMO1984 ,contained strain

Gene CGS9114_RS09725 contained strain
Genes PP_3151, PP 5120, PP 5258 contained strain

D-lactic acid production strain

P, acidilactici ZY 15 contains empty plasmid pZY36e
P, acidilactici ZY 15 contains ZMO1116 expression plasmid pZY36e-ZMO1116

P, acidilactici ZY 15 contains ZMO1399 expression plasmid pZY36e-ZM0O1399

P. acidilactici ZY 15 contains ZMO1576 expression plasmid pZY36e-ZMO1576

P, acidilactici ZY 15 contains ZMO1984 expression plasmid pZY36e-ZMO1984

P, acidilactici ZY 15 contains ZMO1885 expression plasmid pZY36e-ZMO1885

P, acidilactici ZY 15 contains ZMO1696 expression plasmid pZY36e-ZMO1696

Stored in our lab

Stored in our lab
Stored in our lab

Stored in our lab

This work
This work

This work

This work

This work

This work

This work
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P. acidilactici ZY 15 P, acidilactici ZY 15 contains CGS9114_RS09725 expression plasmid pMG36e- This work
(pZY36e-CGS9114_RS09725) CGS9114_RS09725
P, acidilactici ZY 15 P, acidilactici ZY 15 contains PP_3151 expression plasmid pZY36e-PP_3151 This work

(pZY36e-PP_3151)

P. acidilactici ZY 15 P acidilactici ZY 15 contains PP_5120 expression plasmid pZY36e-PP 5120 This work
(pZY36e-PP_5120)

P acidilactici ZY 15 P, acidilactici ZY 15 contains PP_5258 expression plasmid pZY36e-PP_5258 This work
(pZY36e-PP_5258)

P acidilactici Gene ackA?2 deficient of P. acidilactici ZY 15 This work
ZY15-AackA?2

P. acidilactici Integration of the expression cassette PIdhD ZMO1116 into ackA2 locus of P. acidilactici ZY15- This work
ZY15-AackA2::ZMO1116 AackA2; BQ tolerant strain
P acidilactici Integration of the expression cassette PldhD CGS9114 _RS09725 into ackA2 locus of P This work

ZY15-AackA2:: CGS9114_RS09725  acidilactici ZY 15-AackA2; Vanillin tolerant strain

Plasmids Characteristics Sources

pPZY36e PldhD replacing P32 promoter of pMG36e; newly constructed expression plasmid in P, This work
acidilactici

pZY36e-ZMO1116 ZMO1116 was inserted into pZY36e at Xba I and Sal I This work

pPZY36e-ZMO1885 ZMO1885 was inserted into pZY36e at Xba I and Sal I This work

pPZY36e-ZMO1399 ZMO1399 was inserted into pZY36e at Xba I and Sal I This work

PZY36e-ZMOI1576 ZMO1576 was inserted into pZY36e at Xba I and Sal I This work

PZY36e-ZMO1984 ZMO1984 was inserted into pZY36e at Xba I and Sal I This work
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PZY36e-ZMO1696 ZMO1696 was inserted into pZY36e at Xba I and Sal I This work

pPZY36e-CGS9114 _RS09725 CGS9114_RS09725 was inserted into pZY36e at Xba I and Sal | This work

pZY36e-PP 3151 PP 3151 was inserted into pZY36e at Xba I and Pst I This work

pZY36e-PP 5120 PP 5120 was inserted into pZY36e at Xba I and Sal | This work

pZY36e-PP_5258 PP 5258 was inserted into pZY36e at Xba I and Pst I This work

pSET4E Em" replacing Spc” marker of pSET4S, temperature sensitive vector [94]

pSET4E-AackA2::ZMO1116 Plasmid for integration of expression cassette PIdhD ZMO1116 into ackA2 locus of P, acidilactici ~ This work
ZY15-AackA2

pSET4E- Plasmid for integration of expression cassette PldhD CGS9114 _RS09725 into ackA2 locus of P This work

AackA2::CGS9114_RS09725 acidilactici ZY 15-AackA2

Primers Sequences (5°- 3”)

PldhD-F CCGGAATTCTGCTCTGGTGTGCAGACCAGAC

PldhD-R CTAGTCTAGATGTAATATTACCCCTTTCTTTTTTA

ZMO1116-F CTAGTCTAGAATGGCGCAAAATAAAATGCTGTC

ZMO1116-R ACGCGTCGACTCAGGCAAAAACAGCTTTCTTTTTAG

ZMO1696-F CTAGTCTAGAATGCGCGCCATAGGTTATCAAAAG

ZMO1696-R ACGCGTCGACTTAGAAGCCTTCTAAGACGATTTTACCT

CGS9114 _RS09725-F CTAGTCTAGAATGCCCACCAAAGTCGCCCTCGT

CGS9114 _RS09725-R ACGCGTCGACTCAGTCGCGGGGGACGCCAGT

PP 3151-F CTAGTCTAGAATGAGCGCGATCAGCAGCCTG

PP 3151-R TGCACTGCAGTCAGTTACGGTCCAGCCACACGG

PP _5120-F CTAGTCTAGAATGAACTCGCCCAGTGCCTTG

PP 5120-R ACGCGTCGACTCAGCGGATGAACAGTTTGTAGACC
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PP 5258-F ACGCGTCGACATGGTTGCTGGATTGCTCGAG

PP 5258-R TGCACTGCAGTCAGTCGAACACGATACCCTGC
PldhD-F" CCGCTCGAGTGCTCTGGTGTGCAGACCAGAC
ZMOI1116-R* CGCGGATCCTCAGGCAAAAACAGCTTTCTTTTTAG
ZMO1696-R* CGCGGATCCTTAGAAGCCTTCTAAGACGATTTTACCT

CGS9114 _RS09725-R* CGCGGATCCTTCAGTCGCGGGGGACGCCAGT
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ERRRI:
Zhongyang Qiu', Chun Fang!, Qiugiang Gao, Jie Bao*. A short-chain dehydrogenase plays a

key role in cellulosic D-lactic acid fermentability of Pediococcus acidilactici. Bioresource

e ——

Technology. 2020, 297: 122473. (IF=6.669 X} W A< 55 = &)

& RRBI:
1. Chun Fang!, Niling He', Zhongyang Qiu, Jie Bao*. Overexpression of ZMO1116 enhances

the p-benzoquinone biodegradation and chiral lactic acid fermentability of Pediococcus

Moo A —— I

acidilactici. (o) NAR IS =&

2. Chun Fang', Niling He', Zhongyang Qiu, Jie Bao*. Overexpression of gene encoding
Na'/H" antiporter to improve sodium ion tolerance of Pediococcus acidilactici for high titer
sodium lactate fermentation. (X} N A 18 SC 56 U )
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