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F EAE AN RANE A F BORIF A LB 89 ) AR P H O 355 69 B0 KE T MEUARNE A
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W3110 #9 KB B BLKBE A B yihG 1% £ Klebsiella pneumoniae ZG25, 32| €401 K. pneumoniae
ZG25-BT, *f T4 W #4733 FR L A3 i iqt, #E—F 3k xylA AR Z BT 2. [£ R 1 37°C.
200 r/min. 4&# & 1%. #5018 2 h, B&Ae 10.0 g/L CaCOs 54| pH &4 T, SR xylA 8 H £
154 LB 3R vk 30.0 g/L A4EA= 10.0 g/l ) H 4B A &M, BT 895543 452¢g/L, B RiELE
# 0.21 mol/mol, M E A 15%, ZAMLALHT A5 150%. 62%F= 67%. [4+4£]) T BT £ K.
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Abstract: [Background] D-1,2,4-butanetriol (BT) is an important four-carbon polyol with a wide range of
applications in industries. The four-step biochemical reaction using xylose as a substrate is currently the
most efficient BT biosynthetic route. However, the Escherichia coli host has serious carbon catabolite
repression which limits the growth and BT synthesis of xylose and glucose sugar mixture. Klebsiella
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pneumoniae has the advantages of faster growth rate, better utilization of xylose and glucose sugar
mixture. [Objective] Establishing BT synthesis pathway using xylose as a substrate in K. pneumonia,
which has a weak carbon catabolite repression, to improve BT production of sugar mixture. [M ethods]
The heterologous pathway of BT biosynthesis was constructed in K. pneumoniae ZG25 by
co-overexpressing the xylose dehydrogenase gene (xdh) from Clostridium crescenti, 2-ketoisovalerate
decarboxylase gene (kivD) from Lactococcus lactis, and xylose dehydratase gene (yjhG) from E. coli
W3110, obtaining recombinant strain K. pneumoniae ZG25-BT. After optimization of the medium and
culture conditions and deletion of xylA, significant increase in BT production was achieved. [Results] The
optimal procedure for BT production in recombinant K. pneumoniae ZG25-BT strain without the xylA was
achieved in 1.5-fold LB medium under the conditions of 30.0 g/L xylose, 10.0 g/L glucose, 37 °C,
200 r/min rotation speed, adding 10.0 g/L CaCO; to control pH and 1% inoculation amount followed by
2 h of induction with the addition of IPTG, which made BT titer, molar conversion and yield up to 4.52
g/L, 0.21 mol/mol and 15%, respectively, representing a 150%, 62% and 67% increase compared with that
of unoptimizable condition, respectively. [Conclusion] A fermentative process of BT production in K.
pneumoniae ZG25 is achieved. Optimization of the culture conditions and medium and the knockout of
xylA are applied to improve BT production. Furthermore, this work provides a useful host for the improved
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BT production through metabolic engineering.

Keywords: Xylose, D-1,2,4-butanetriol, Klebsiella pneumoniae, Culture optimization, CRISPR/Cas9
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POk 2 ochE, MRS SR, EEH, B
SESUR AT Z A RN, FEE TS, BT /N
1,24 T =B =R BRI A AT A & 2 6, A3
B R s AL, B ERMHIE .
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Figurel Themetabolic pathway design from xyloseto BT in recombinant K. pneumoniae
3 : xdh: 4tk H Caulobacter crescentus FIAKER ST ; yihG: 4tk B E. coli W3110 FAH R I /K il ; kivD : 4ifihok H Lactococcus
lactis 1) 2-M 5 & B2 iR ; yghD: 4ifi%sk [ K. pneumoniae ZG25 M & ; xylA: 4ifiBk [ K. pneumoniae ZG25 Fit AW S Ky it

Note: xdh: Encoding xylose dehydrogenase from Caulobacter crescentus; yjhG: Encoding xylose dehydratase from E. coli W3110; kivD:
Encoding 2-keto isovalerate decarboxylase from Lactococcus lactis; yghD: Encoding acohol dehydrogenase from K. pneumoniae ZG25;

xylA: Encoding xylose isomerase from K. pneumoniae ZG25.

R 1 XHEAEKRMRK
Tablel Srainsand plasmidsused in thiswork

BRI PR PR AASAFE VR
Strains/Plasmids name Characteristics Sources
Strains
E. coli IM109 Escherichia coli IM109 wild type; Cloning host Our laboratory
E. coli W3110 Escherichia coli W3110 wild type; Source of yjhG Our laboratory
K. pneumoniae ZG25 Klebsiella pneumoniae ZG25 wild type Our laboratory
K. pneumoniae ZG25-BT Klebsiella pneumoniae ZG25 carrying pEtac-kivD-tac-yjhG-tac-xdh This work
K. pneumoniae ZG25-XA-BT  Klebsiella pneumoniae ZG25 AxylA carrying pEtac-kivD-tac-yjhG-tac-xdh ~ Thiswork
Plasmids
pCas9 Peas-Cas9, Kan' Our |aboratory
pTargetF-PMB pTarget added sgRNA, Spe’ This work
pEtac Tac promoter; Source of tac, Kan' Our laboratory

pEtac-kivD-tac-xdh
pEtac-kivD-tac-yjhG-tac-xdh

Tac promoter; Kan'
Tac promoter; Kan'

Our laboratory
This work

Fg . aifb R & . H WA & (spectinomycin,
Spe). FIHiAAME . RIR%EE =R (kanamycin, Kan)#l
5 N S -p-D- i AR 2 FL BE 1T (isopropyl  B-D-1-
thiogalactopyranoside, IPTG)I H 4= TA¥) T A2 ( i)
AR HAGRA A o it

&Rk W M 3% (high  performance  liquid
HPLC) . < Jiw Bk M 1Y (gas
chromatography mass spectrometry, GC-MS), FEEL &
H/RBHE AL AL, PCRY, Eppendorf /A,

chromatography

113 ExE
LB 55 (g/L):
10.0, #fkfh 10.0,
RIS (QIL): ERHEEY) 5.0, B K
10.0, Ffkfh 10.0, #j%HE 5.0, AWK 20.0,
B B Ad AT 1x10° Pa K T4 30 min.,
114 5|4
W TS I AR 2, FeA 51 AR P34

TN G ER AL DI RHECA R R SE

WEBEREY) 5.0, BRI
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Table2 Primersused in thiswork

GIL B4 5175

Primers name Primers sequence (5'—3')

T, agcggataacaattccccT CTAGACGGAGCTTATCGACTGCAC
T, TGTTTCCTGTGTGAAATTGTTATCC

P ttcacacaggaaacaATGTCTGTTCGCAATATTTTTGC

P, GATGATGATGGCTGCTGCCCAT GGtcagtttttattcataaaatcgcgcaa
xylA-Fy AACGCGGAAAGCAGGGC

xylA-Ry TCCATATTCAGAGATGCGGCGAAT

xylA-F, atctctgaatatggal GACCGGCGTCGCAACCA

xylA-R, CTTCGGCGCCGTAAAGCC

Sg-xylA-F tggcacaccttctgetggaaGTTTTAGAGCTAGAAATAGCAAGT
Sg-xylA-R ttccagcagaaggtgtgccaA CTAGTATTATACCTAGGACTGAGC

TE: FRIZERD NI, NG T REFRR AR 751

Note: The underlined are restriction enzyme cutting sites and the sequences of homologous arms are indicated with lowercase letters.

12 FH&E
121 FTIEFRNITE

K Primer 24, DA NCBI T 4RIER) E. coli
W3110 #H yihG ¥ ¥l (GenBank % 3% 5 A
GCA_000010245.1) Itz , 15115 19 Py FIP,, L) pEtac
FoREAR, B T T, sililst PCRY 1Y
135 yihG 7 Befi tac JE shF I8N (TS L3 2).

FH Xba | #1 Neo | W12k 4k pEtac-kivD-tac-
xdh BRI i — A T R B SN A B
FERAMEA TR (B E A IR WL 13), & e A
E. coli IM109 H, 7E 50 mg/L 1) Kan Hiitk LB “FAk
IR BERHER AT, TRYE PCR(5 14 T1 M1 Po)1E i (1)
SLAt b EA T OB AN 3 BRI 56 AIE B 8 AE
() Bk fir 44 4 pEtac-kivD-tac-yjhG-tac-xdh.,

PCR WA Z (50 b, % PCR & 10 pL):
b RS ¥5(10 pmol/L)4% 0.5 ul, AR 0.5 ul (G
7% PCR PRI & I AAR), ddH,O 23.5 pb (IH7%
PCR & 4 uL), 2xPrimeSTAR HS DNA Polymerase
25 uL (#7% PCR }y 5 ulL), PCR JZJ%i&1F: 95 °C
4min; 94°C30s, X°C15s, 72°CY's, 25
Wy 72°C5min (X HAEG 1 T fHIE, Y R
£:434h 1000 bp HP 48 5 15 )
122 MEFE

KPR A GC-MS #f5E i, By

225 SCER[17] -

KRR & R HPLC N E o i shAH A
5 mmol/L [ H,SO,, itz N 60 °C, i A
0.6 mL/min. i FH/R 22476 S ZRAMGIN 2%, AR
FEHL,

AR OBE R 0 W E ik LS BROSCEk [17] .
SDS-PAGE FJfHE FAGHIN 75 72 W 225 SCHk[18-19)]
AWy (dry cell weight, DCW)4l 5 Fit-aa i
W22 3CHk[20]

123 ERARBEIEFRL

PKHC 50 mg/L () Kan ittt LB “FAlk FiY K.
pneumoniae ZG25-BT HAH7% T LB AR 5 kb,
37°C. 200 r/min¥EFRid . FRhFI DL 1%HRh i
(AR, T2 R WG FR 25 (250 mL 3K
50 mL), 37 °C. 200 r/min }53%; Xt EkRInAZ
WefE N 50 mg/l 1Y Kan $iER; W EESHIME
PR, KigE 2 h)Ein A2k 2k 0.5 mmol/L /# IPTG.
A R E 3 PATE0, KR 48 h,

R AL . HORBF SR [R)55 3 B 1) (2
4. 6 h), NEFEMEA%. 5%, 10%), A [E%HEHE
(150, 200, 250 r/min), A[E pH 2514 (B JCdsn
10.0 g/L CaCOs)%} K. pneumoniae ZG25-BT 4:¥)
i RPERAUERE | BT PRI .

R fR Al . 18 85 35 4100 Ak 1 2k ik
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I, WRSEORIE) A AR EE (5.0, 10.0. 15.0 g/L),
AN ) K BE MR BE (25.0 . 300, 350 g/L) X K.
pneumoniae ZG25-BT A:#i . AWML R . BT
JRA IR s TR PR R R TSR K
pneumoniae ZG25-BT [ BT j= &, #4iHEAIE I
Xt K. pneumoniae ZG25-BT H¥i . AFEHRFL R
T, BT ™5 A M (LA AR e B MR 4 S 0 285 SR
TE)o MPBEMEE A TR SRR, BRI LB M
FE(IXLB. 1.5xLB. 2xLB)%} K. pneumoniae ZG25-
BT AEWfe . ABERRI R G . BT A5
124 EFERMENEE

HRHES:25 SCHR[21] HiRE 1Y CRISPR/Cas9 $ AR
HEAT LR R BR . AR HlE NCBI %04 2 A~ A 1) K.
pneumoniae (GeneBank & 5%5 -k CP000964.1)JE& [
AIFRETT xylA BRI I MIGER 2), aalkEs
4 sgRNA (1 pTargetF-PMBUEFI H 3L |, i
# 300 bp HIRLE R BEP2 ¥ pCas9 ki A K.
pneumoniae ZG25. M ALY E A 50 mmol/L f i
hAbHFF pCas9 FTkizkik, Hle Fr B pTargetF-
PMB FiRiH A S pCas9 Jirkify K. pneumoniae
ZG25, WAiEAT 50 mg/L Kan F1 100 mg/L Spe ARG
£ LBz, 30 °CHFudi (A 24 h), SRJ5 i
W% PCR (519 xylA-Fy Fil xylA-Ry, Wi iR R Fl
N SEAE W, L2 ) REBATE AL T RN I RRAE
SPEAERIEAA 0.5 mmol/L IPTG 5 Sk pTargetF-
PMB ik ; 42 °C A AEEFRIHBR pCas9 itk .
2 HR5HH
2.1 K.pneumoniaeZG25 BT & BISRHIHE

pEtac-kivD-tac-yjhG-tac-xdh Jikr 2 fity), Ha ik
o I (1] 2) Fnll e 285 SR 2 B 2 /& pEtac-kivD-tac-
yjhG-tac-xdn ¥4 EE R .

Bk K pEtac-kivD-tac-yjhG-tac-xdh ¥41k,
% K. pneumoniae ZG25, 715 F| & 4 i K.
pneumoniae ZG25-BT., K. pneumoniae ZG25-BT 1%
F:2h, IIAZHE N 0.5 mmol/L [ IPTG %55 48 h,
SDS-PAGE H ks Hr WK 3. 5 K. pneumoniae

ZG25 4, K. pneumoniae ZG25-BT Jfi N AT i1 25
FI7£ 29, 60 il 70 kD 4b45 BH i E A& 14500
R A & B A R A AR TE (B 4), R
FHAEARBRI

bp M 12 3 4

10 000
5000
3000
2000

2 pEtac-kivD-tac-yjhG-tac-xdh i HOES 1136 1iF
Figure 2 Enzyme digestion of pEtac-kivD-tac-yjhG-tac-xdh
plasmid

1:: M: 2503 DNA Marker; 1, 2: Apa I Al Hind T 3] pEtac-
kivD-tac-xdh; 3. 4: Apal #1 HindTl 3{fi¥)] pEtac-kivD-tac-
yjhG-tac-xdh.

Note: M: 2503 DNA Marker; 1, 2: The enzyme digestion products by
Apa | and Hind Il of pEtac-kivD-tac-xdh; 3, 4: The enzyme digestion
productsby Apa | and Hind Il of pEtac-kivD-tac-yjhG-tac-xdh.

kD M 1 2
-

e e N TR

z — YjhG
00.4 —

KivD

H3— e
29.0 —

“_ Xdh

3 Xdh, KivD # YjhG FRiX1ERH) SDS-PAGE Hjk
St

Figure 3 SDS-PAGE analysis of Xdh, KivD and YjhG
expression

H: M: FRUMEE T Marker; 1: K. pneumoniae ZG25 Jifl 4 A
M 2: K. pneumoniae ZG25-BT Py n] AL .

Note: M: Protein Marker; 1. Intracellular soluble protein of the K.

pneumoniae ZG25; 2: Intracellular soluble protein of the K.
pneumoniae ZG25-BT.
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0.4 A JK. prewmonice 7.G25
| I K. preumoniae ZG25-BT)

03

01|

Enzyme activity (U/mg protein)

0.0

Xdh KivD YjhG

[ 4 K. pneumoniae ZG25 1 K. pneumoniae ZG25-BT
f Xdh. KivD F1 YjhG BgiE#

Figure4 The enzyme activities of Xdh, KivD and YjhG in
K. pneumoniae ZG25 and K. pneumoniae ZG25-BT

FHZH B4 K. pneumoniae ZG25-BT LLAKE NI
(R TR 2 GC-MS 73t , ZBAATE BT (K 5), &
B RSS2 LA BT, BT 4k 1.81 g/L,
JBEJREEAE 2R 013 mol/mol, WUEH 9%, izl
NELEAE Y 9%,
22 ERAEEEREHMRKL

J R e, SR R
. pH SRR TR, Hirp, SR
Xt 2R A R R R (B 6A) . F R
HXE YR R, (EXF BT & G B (&
6B). 200 r/min WIA4EYEH 2.87 giL, BT /“&H
1.81 g/L, 435Ik 150 r/min B4R 70%F1 123%., &
SRPEFEIFEHZE 250 rimin RESE S 18% LY, {H BT
PG (K 6C), ¥ 10.0 g/l CaCOs XA #Ht
Jo W s, H H ] ) R Bl R R 43%
(200g/L), BTy~ 39% (252 g/L) (&l 6D).
23 EAEBEFEASML
231 EEME. ABREXNEHEHELESK BT B
2

WA A BERR AL IR S AE AL L B AR R AR
2 HAMRIE N 100 g/L BAEYE . BT PR
ABERFER 9 5.0 gL BHEE 12%. 12%
(2.82 g/lL)FIFEAR 20%. 2k&5 45 = i 25 4 vk 7 %)
15.0 g/L, AP FAERM £ 10.0 gL

B 4%FIFEAT 8%, 1H BT " ilgA TR 4%
(2.70glL) (K 7A).

AR B2 1 185 T 2 5 A it TG BH SR s )
AW}y 30.0 g/L Bt BT = HAHEL 25.0 g/L IR
5 10% (2.90 g/L); ZRSEIARREE, AR
ZEAhn, AP BT R I T (& 7B).

DR IIANR FE O 5 BT 77 i, 0%
SARAF RS sem . 2l & 30.0 gL
AWE. 30.0 g/L ABE+5.0 g/l #Hi%8E . 35.0 g/l Ak
B 34N . HilEl 7C n 41, 30.0 g/L AME+5.0 g/L
R M EYIE . BT PR AR R 300 gL
AHHI 3 IR 16%. 329% (2.90 g/L)Hi 13%., 35.0g/L
ABETFAUEY I 30.0 g/l ABERIEAT I 7%,
B BT i AR AR Rt Jo ] B A8k
232 LBIREMEHERBMAEAR BT &N

HRTIR RS R AT, 53 B AR R A AR i
AR TFHRE LY A BT =i, ¥4 30.0 g/L AHEM
10.0 o/L A WA R e S AR OB BB . LU RS 3R
FERRIEFE AL, A S AR AT L R A
L. M 8FIH, 4 LBV N 155 LB}, BT
PR, 1A% 3.31g/L, AHEL 144 LB kR
11%, AV, LB IREWRET SN, &
SRAHHTR TR R ERRAIL, HJ2 BT i AESm. &
A BIGE BRI R . 1.5xLB JERbRE AL, W
Jin 30.0 g/L AHE. 10.0 g/ HjEbE, HFE 1%, 7
SeHE] 2 h, %558 200 r/min, ¥%$110.0 g/L CaCO5 15
il pHo JEEER A R A5
24 xylA BiBRXT BT & IS0

W T HEA R N BEROE R S BT it
FARBEIE, AIREARIEIE, MRE FE
xylA. PCR SiiF- 2 B B A i b e 2 (1 9)

K. pneumoniae ZG25-XA-BT 1 K. pneumoniae
ZG25-BT FEIffi kW45 R ULE 10, K. pneumoniae ZG25-
XA-BT AP Ak 8%, AWHIRFN RinfE s 44%, {H
BT /AR5 37% (452 glL), BE/RFALRIER 34%
(0.21 mol/mol), WKL 37% (15%) . FKH xyl AR
BRIEHE T BT G, AR A IS .
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A C
RT: 20.20-21.44 SM: 1G
100 ¢ RT: 20.79
A
00 | f \\ 100 75.1 1.2.4-butanetriol
/ - Formula C,H,,0,. MW 106, CAS# 3068-00-6, Entry# 49366
80F 2047 S, 20212136 90 Butane-1.2.4-triol o
370 1 g a, 5 80 ) .
_g 60l é 70 57.1
= 3
Ss50¢ £ 60 HO
z 2 50
=40 =
5 = 40
230t e
‘ 30
20t 20
10 ¢ 10 HO
0 , , , , , ‘ ol | U881 1170 150.1 187.0. 220.1 2553 289.9 32833499
202 204 206 208 21.0 212 214 50 100 150 200 250 300 350
¢t (min) miz
B D
RT:20.17-21.62 SM: 1G
100 . RT: ﬁ0.78 100 75.0
1,2,4-butanetriol
N0 1 90 Formula C,H,,0,. MW 106, CAS# 3068-00-6, Entry# 49366
. 80 [ \ 2 80t . R Butane-l.2,4-tri}gl HO
FE 60 l J\ < 60} e . ’//, \
5 e 212491 41 5 - N -
= 50 _w,,-zu\g"ﬂulwx-wfﬂr——iwﬁwN"-’*ﬂﬂ‘"—r-«&-b- E 50| HO/
é 40 F < 40 |
& 30t 30|
20 ¢ 20
10 | 10 HO
0 , , ‘ Ol Ll (187.1, 1171 152.0 177.1 207.0 243,1 271.2 . 309.] 340.9
20.5 21.0 21.5 50 100 150 200 250 300 350
¢ (min) miz

5 BT tRERFMMABKN GC-MS 24

Figure5 TheGC-MSanalysisof BT standard and fermentation broth

IE: A: GC MM BT drifittah; B: GC MM AMi; C: MS/MHT BT ARifikEfl; D: MSOMTRTER.
Note: A: The GC analysis of BT standard; B: The GC analysis of fermentation broth; C: The MS analysis of BT standard; D: The MS

analysis of fermentation broth.

3 Wwig

BT 1R —FpdE KRB W4 R ik i A A
AEYIRIN R B . AHIFSE 2= A E P AN 5T N 5L A
E. coli R4ixt BT A& kAT 7 KM, H
1 E. coli "FHEUARENEYN BT & ikt
&, BT AU 0.90 g/L, WoEN 3%, FE/RE:
{2 0.04 mol/mol™ . 7457 K. pneumoniae

ZG25 sk BT A liasfs, /m&kh 1.81 gL, X
RH 9%, FEE/RFEIEF N 0.13 mol/mol, 5 E. coli
MR i . ORI R R XA A B
HORAWIIRIELE S cerevisiae FLHL T BT &
B, {HIEEBERE K5 96 h, k)G BT /=& N
1.70 g/L"®, {HAHIFE K. pneumoniae % [ ] (Y
5 48 h, Ak il 452 g/L., DL F¥RE K.
pneumoniae J& & i BT ML B 15 &
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mm DCW I Xylonicacid T1IBT
B

A
4.
- O,
5 e
g 5
E £,
£ g
g s
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L L 0 L L
4 6 | 3 10
C 4. Induction time (h) D 4. lnoculation (%)
33 3
E H I
= =)
2 £
3 c
11
0 L L - ‘ .
150 200 250 0 10
Rotating speed (17/min) CaC0), addition (g/L}
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Figure 6 Effects of different culture conditions on the DCW, xylonic acid accumulation and BT production in K.
pneumoniae ZG25-BT

H: A: ESEE; B: M, C. Fal; D. #5iHl pH.
Note: A: Induction time; B: Inoculation; C: Rotating speed; D: Control pH.
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Figure 7 Effects of glucose (A), xylose (B) concentrations and adding glucose (C) on the DCW, xylonic acid accumulation
and BT production in K. pneumoniae ZG25-BT

TE: A: 1: VAN 20.0 g/l AHERI 5.0 g/l H%58E; 2. FSiN 20.0 g/L AKER 10.0 g/L #Z58E; 3: %N 20.0 g/L AKEFI 15.0 g/L Fi%45HE.
B: 4: WS 25.0 g/L AHEFI 5.0 /L #i%GHE; 5: WS 30.0 o/ AKHEA 5.0 /L HATHE; 6: W 35.0 /L AMEFN 5.0 /L HZHE. C: 7:
RN 30.0 g/l AHE; 8: ¥R 30.0 g/L AMEF 5.0 o/L FAGHE; 9: ¥ 35.0 g/L AWE.

Note: A: 1: Adding 20.0 g/L xylose and 5.0 g/L glucose; 2: Adding 20.0 g/L xylose and 10.0 g/L glucose; 3: Adding 20.0 g/L xylose and
15.0 g/L glucose. B: 4: Adding 25.0 g/L xylose and 5.0 g/L glucose; 5: Adding 30.0 g/L xylose and 5.0 g/L glucose; 6: Adding 35.0 g/L
xylose and 5.0 g/L glucose. C: 7: Adding 30.0 g/L xylose; 8: Adding 30.0 g/L xylose and 5.0 g/L glucose; 9: Adding 35.0 g/L xylose.
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Figure 8 Effects of LB concentrations on the DCW,

xylonic acid accumulation and BT production in K.
pneumoniae ZG25-BT
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Figure9 PCR verification of xylA knockout mutants

H: A: M: 2503 DNA Marker; 1: K. pneumoniae ZG25-BT H
XYIAPCR 7=#J; 2: K. pneumoniae ZG25-XA-BT 1 xylAPCR F=4/.
Note: A: M: 2503 DNA Marker; 1: PCR production of xylA in K.

pneumoniae ZG25-BT; 2: PCR production of xylA in K.
pneumoniae ZG25-XA-BT.

3r K. preuntoniae ZG25-BT

Wl K. preumoniae 7(125-XA-BT

[S¥] [ e
T T

Concentration (g/L)

DCW Xylonic acid BT

[#] 10 K. pneumoniae ZG25-XA-BT #1 K. pneumoniae

ZG25-BT EMRABRLER 7
Figure 10 The shake fermentation results analysis in K.
pneumoniae ZG25-XA-BT and K. pneumoniae ZG25-BT
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JBR K Bl AL RE 1355, Toik S i i AR AR IR
AR PR R o R AR T TR AR AR AR
— BB o> AW 2 B R M i A T A B A KRR
W, AYEESE. BT SRR &G ARBHR IR
PEYIAR R, 30 pH AW %, #hn CaCOs ¥t
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SFEFIMFRIL, Bt BT . 7E E. coli fPiy
HAEFERERD] pH 2R BT i — &
R EI,

A GE P ABEAE Sy 1 5 v — B,
T I R IR R TR AL A B A KA, A
BEHRERKZIR, BT ZREIL, kSRR
BT BT G, #MAmrmArTA8esH BT &
B, R AT R A R T A 0 A A
WSS T AWE I BER SOLR AR AR . SR KA I
TR AR, AMIEZEFEARI T E. coli A3
FIFIAME G L BT, [RI E. coli ZR7EH™ H Ak
TRBHHIB RN, 47N 10.0 g/L AT, A& AT
24 h JC BT &4, ¥UsSin20.0 g/L B, A FEd o
BT 7/, BRI TIRGHE P nl™. At
W, K. pneumoniae ff 4 2 M A ACHE L [R] A= 1
2,3- T W, WRBERYACIEE AL G AR
K. pneumoniae RfcfCIBHAE RN 55, 248 s
PR L 2 15.0 g/L B, AT 4552 A R
TS, i BT P UEK G RS 4%, AR
)4 v 0 PR G RR X AR B8, (B3Z R iR AR AL
R, AR AREFABERRE N R E R,
FEAR TR ACRCE . 715k, LB W iE
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BT P fR s AN 3 R M . AR S k™.

4 Z5ig

AWFFEAE K. pneumoniae ZG25 H AR T
BT WG MGSIE. TEMIERE X RE IR AR IR L
HEFTRAL, FE KSR . 1.5%LB JEAhkE 7RI,
AN 30.0 g/L AKE . 10.0 g/L #iZikE, R 1%,
PmtE] 2 h, %5 200 r/min, %540 10.0 g/L CaCOs
il pH. K. pneumoniae ZG25-XA-BT #E)fi & BT
et E 452 g/L, BEREEALE A 0.21 mol/mol
WA 15%, BARARTT 730 $2 = 150% ., 629%F1 67%.
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