TR R A 18 5

B 3
% o

AR : 10363
= 2210520118

e
b=t

Aol B 2 SRR B A JRRON TR 4% R i) 2 S LA 4 AR
7 Ko & R N H
Construction of the quorum sensing regulatory system and its

application of vitamin K> biosynthesis in Bacillus subtilis

SR FHRE
SRS UIE X CHERD
£k Gt/

(01 L PR 7 Ga o /)i E= DA

B REH - 2024 £ 5 H




TR R A 18 5

LI TR R A2 A8 SR A = W

ANFFEFY: BT AARTERE, M EE R P2 Ws e, &4
NAEZINTE TN, JSLEATHE T TAR RIS (R « B 3CH OB BT AT 51
I A AN, AR SO B AR T HAl A N BUER AR D22 5 3R B3 5 i (1 AR i B R 1Y)
W WICNANTRHES, BIEHNENTT, JFe iR EIATS WA
Ja REANKIH .

SRS IERES: B

HiH: 20244 5 H 30 H



TR R A 18 5

I TR R A A A8 SRR F # A5

SRR 554 T RN ARG (RSB, ARk (R
1 A S TSRO i SO SV TR, A ¥ b AR B
oA AR B2 TR 27T DL A3 1 S0 4 0B 5 14 26 A XM P
(PR, TTLARFIRGED . SRENSUER 0 T B R AF ANC S A i

o O, 8 EREEEH AR

AR BT

i 2.

FRSIER SR g B WIS
H: 202445 7330 H HH#H: 2024 46 5 A 30 H



TR R A 18 5

REFATERARNIEERGHEREELEE R K
A RCPRIN A

w2

L4 H 250 (menaquinone-7, MK-7) @&4E2E % Ko I—Fl, 7EA
PR B BRI AEE . AR — P TR PR AR TR R, MK-T
FENE R B A3 ] 5 B R A A, AR 7R 26 B9
B RGRA O LB PO SV 2 R KR T T AR R B A, ]
I, 30 AR e AR 2 B ELAE S Bk R P G T B R A R R AR
WAV R B A7 MK-T B ETBL (HA M B K
—RA A, K EICIES B AL -
Al IR AR BN, 28 G0 A P2l B 28 AP I TR 428 3 Ko 7 2R RE AT AN
S B 1) R U AR BRI S 30, DeegU AE il B 2 AT B WAL 40 42
ARG LR A% 7 6 A E S AT T R fe EUR IR BUR R e A K
B B & P AR A B . AR T DegU AEMIE B0 4T, RFUH
5 AN [ 2 DRI FE AR S 2 A A T AR LA A D5 3, RS 2 A A 1 v
5t DegU & I 1 — S BIA  # BE R R RTE R G0, sl Tl T
ME LRGSR BT G, RE&RE PR MK-7 7 H ik, N
TolbA 44 R Ko f2fit 1 B FEAE S Pk HE . FERIBE RN &
L
(1) FHAEDE B0 it 7t DegU SR EAX 70 T =2

I



TR R A 18 5
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Wi, AT Ak A T R B Phag M1 Pas KI5 rapG phrG M degU
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Construction of the quorum sensing regulatory system and its

application of vitamin K; biosynthesis in Bacillus subtilis

ABSTRACT

Menaquinone-7 (MK-7) , as a kind of vitamin K, which has high
biological activity in human body. As an essential fat-soluble vitamin,
MK-7 has a long half-life and good biocompatibility in the human body,
and plays a significant role in the treatment of many diseases such as
Alzheimer's disease, osteoporosis, cardiovascular disease, and recent
studies have shown that it also plays a good role in inhibiting the
expansion of tumors. Microbial fermentation is an important means to
produce MK-7, but there are a series of problems such as low yield and
long cycle, and the market demand has been unable to be better
satisfaction.

Using quorum sensing to regulate the production of vitamin K- in
Bacillus subtilis to make up for its insufficient production capacity has
been the focus of research for many years. As a response regulator of the
two-component regulatory system of Bacillus subtilis, DegU controls

various life processes from the late exponential stage to the stable growth
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stage in Bacillus subtilis. Through bioinformatics analysis of DegU, this
study explored the interaction between DegU and different genes in
Bacillus subtilis. A regulatory system regulated by bacterial density was
constructed around DegU protein in Bacillus subtilis, which dynamically
balanced the contradiction between bacterial growth and product
synthesis, and finally obtained a MK-7 high-yielding strain, which
provide a theoretical and practical basis for the industrial production of
biotin K. The main research contents are as follows:

(1) The molecular weight, number of amino acids, molecular
formula, isoelectric point, half-life, fat coefficient, instability coefficient,
transmembrane structure, subcellular localization, conserved domain,
metal ion binding site, DNA binding site and a series of information of
DegU protein were analyzed by bioinformatics analysis. Among them,
position 56 aa of DegU protein is both a metal ion binding site, a
phosphorylation site, and an activation site, which indicates the
importance of this site in the function of DegU. Meanwhile, the HTH
structure of DegU protein is also a DNA-binding region that controls life
processes. By analyzing the interaction network of degU, we found that
degU interacts with multiple histidine kinases in Bacillus subtilis, which
indicates that the two-component systems of Bacillus subtilis interact and
influence each other, and also indicates the importance of degU in the

regulation of Bacillus subtilis.
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(2) The PhrG-RapG-DegU quorum-sensing regulatory system was
constructed in Bacillus subtilis. By studying the interaction between
RapG, PhrG, and DegU, we found that the aspartate phosphatase RapG
inhibits the promoter binding activity of DegU, and this inhibition is
partially mitigated by PhrG, the extracellular signaling molecule
homologous of RapG. To verify the effects of RapG, PhrG and DegU on
the growth of strains, we knocked out the genes of rapG, phrG and degU,
respectively, and obtained recombinant strains BLO1, BL02 and BLO3.
By comparing the growth curves of the recombinant strains with the
original strain BS168, we found that the growth of the recombinant
strains was inhibited to a certain extent, knockout of degU resulted in the
most severe inhibition of cell growth. To investigate the effect of the
regulatory system composed of RapG, PhrG, and DegU on cell growth
and MK-7 production in Bacillus subtilis, recombinant strains BSO1,
BS02, and BS03 were obtained by expressing rapG, phrG, and degU with
constitutive promoters P, and P43. Compared with the original strain
BS168, the cell density and MK-7 production of the recombinant strain
BS01 were significantly reduced, and the MK-7 production of strain
BS01 was only 12.92 mg/L, which indicated that RapG exerted a
significant inhibitory effect on both cell growth and MK-7 production.
On the basis of recombinant strain BSO1, the recombinant strain BS02

was obtained by using the constitutive promoter P, to express phrG.
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Compared with BSO1, the growth inhibition of BS02 cells was better
alleviated, but neither the maximum ODgoo nor MK-7 production could
recover to the level of BS168, and the MK-7 production of BS02 was
only 20.52 mg/L, which also indicated that PhrG could partially alleviate
the side effects of RapG. The recombinant strain BS03 was obtained by
using the constitutive promoter P43 to express degU based on strain BS02.
Compared with the original strain, the cell density of the recombinant
strain BS03 was significantly increased. The final MK-7 production of
strain BS03 on the 6th day was also significantly increased by 31.8% to
28.18 mg/L.This suggests that the PhrG-RapG-DegU quorum-sensing
regulatory system can act as a molecular switch to control the level of
regulation of relevant genes in response to changes in cell density, which
in turn improves fermentation yield of the target strain.

(3 ) A self-inducible promoter was constructed to regulate the
expression of key genes in MK-7 synthesis pathway. First, eight
promoters were obtained that could respond to DegU-P regulation by
screening the original promoters in Bacillus subtilis: Paego~ Peomk~ Psacs~
Pupre~ Popr~ Prige~ Psacxand Pugpa. Paego has the high transcriptional activity
by comparing the transcription intensity of other promoters. Eight
recombinant promoters were obtained by random mutation of the -35 and
-10 regions of the original promoter Pa.go to the site with stronger affinity

for DegU-P. The most active promoter Ps was selected with 2.2 times

Vil



TR R A 18 5

activity higher than that of the original promoter Pago. Then, the
promoter Ps was used to regulate the expression of ispH and hepS/T, the
key genes in the MK-7 synthesis pathway, to promote the rapid
transformation of toxic intermediate metabolites, avoid the toxic effect on
cells and promote the synthesis of MK-7. Shake flask fermentation results
showed that the maximum cell density of the recombinant strain BS06
was 29.032, and the growth curve of the recombinant strain BS06 was
also very similar to that of the original strain, indicating that our
modification of the strain did not cause burden on the growth of the strain.
At the same time, the yield of MK-7 of recombinant strain BS06 reached
102.47 mg/L on the sixth day of fermentation, far exceeding that of the
original strain, and the cell yield reached 3.573 on the sixth day of
fermentation, which was 5.2 times that of the original strain. All these
results indicated that the expression of related genes of Bacillus subtilis
was regulated by PhrG-RapG-DegU quorum sensing regulatory system. It
can effectively improve the production of MK-7 in Bacillus subtilis.

KEY WORDS: Bacillus subtilis, quorum sensing, promoter, vitamin K,

bioinformatics
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Figure 1-1 Molecular structure formula of MK-7
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1-2 MK-7 PN H 5 U 1

Figure 1-2 Trans and cis bond of MK-7

1.1.2 45 & K BRI
1.1.2.1 B¥IKIRE

YRR Ko RAPTL TN, HRATEASEH, ReEdmEMEms
RSB OISR, R ANAIGIE S, A VF 2 BARRENE AR A R KL, ]
WHRZE H BRI (Eubacterium lentum)  FLERFF B (Bacillus acidi lactici) FIXUE
¥ (Bacillus bifidus) 5. #4423 Ko [ 32 LG G RIR N N 3040 72 i RN e
anl, GIAnFEE . LA . SSRGS Hd, O 4EE R K
AT LUAH] 998 ng/100 g, TENHARMES &G, ANGADAR ZXW, ZIHE
B YA 3 Ko #hFRIR: R AIAE DX, AT U] 3 B3 T 473 s it
UER KIFRE, AT aWHEER A SERD, FHAEY R
UEE R Ko MR, R Tl EARA A& PR BUGR13 4E 4 & Koo
1.1.2.2 HEERK

1958 4, Isler!! 1 5E 58 IUAEAR 3 Ko AL A i, IR 5 i 15 2- R 4
LA-ZERIAL G, B ESE— RPIRNARYEE R Ko, R 75 E A
= Ko il 2 )5, ARG OCEIRBI K I T 3 255 P A R Ko
(17792, 4n: Yoshinor! I FH £ o e B 44, e 7 ) #% R 25 BE  Lipshutzl 21 H 4R
AL, LB B0 S A B 4E A 25 Ko Minl VR AE ANV EE 14 7525 & 4t
A2 Koo fEBIEMIIFLH, Anetal 1l T — M afi«1+67 51 0E, K 25N 5
SRR AT A S N R SR S A T, SRR RS R A RS AT LA
B aiE ) MK-7, B4R B AT 226 g AR R Ko IR HUB s, (B0
BE AR R @is g, B2 R BRI EEE L 0, A
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Dyt A R SRR, AN, A2 a i 4EE R Ko 4 e Ui 2 35 B
K, XHLSFHSERII4EE R Ko AR TEBUK.
1.1.23 WED AR

A R B vT LASRAS AT AR s T ) s s S5 A 1K MIK-7, [ B+ T A 4
W B A B AR P A BeE R AR P YRR R Ko TRARIR 2, il A
ELIRAUAT UL, KA AT B0, BORE AT BT, Ve R 2 AT B U g 2 H AT B 0
S R R T AT LoR 9 AROR BE SA R BE A, b, AR B R AR
WA 2 B DA, P AR KRR, AR R, DRIAE Tl A= iR AR
PRI AA A o AR T AR I, YOS 8% 06 185 0 T K FR) R0 ek T AR, (i ik
WA, AR I, IR A OB ER AR, BERS A RO IRE [ A A I A7 AE 1Y
—H AW, HET, $EEdEER Ko RN A RET DL N =2 BIdRE R Y,
TG A S AR 23), e rh e MRS B i A4 e i 1ok K] T SR A 2 v
AR, EORE O AR T OB R R Ak, b T AR AR R AT T LA R
MK-7 & BGOSR I E, $em w42k = Ko ae /1, MIRA Fffuk MK-7
B BRCRAR ) 1) 2 o
LI3 HEFRIFERTESHEERK

g — i 2R ) 2 2 PR B R, R S 2 AT TR AR AT 9 BT
PENFEE B S 25 I B E B R (FDA) IAIEM & MR 2 2RIk RG0S, Kt
FEB AT LA A2 MK-4~MK-8 [R5, Fer, AR 400 1 A AR W00 e v ) MIK-7
REMS 5 21 96%120), 2 9l AT v Al T A 7 4 AR 3R Ko IR

FERG B PR P, 4E2E R Ko ARG USRI A2r =Mk (] 1-3D:
FEHRIR4E (shikimate pathway, SA) . HZ5fi2i&4% (menaquinone pathway, MK)
R L R B AR I -4-FE B FR IR 42 (2-C-methyl-p-erythritol 4-phosphate pathway,
MEP) . MK-7 & FHZE 0 B FRA R I A BE A R, Forhr, ZEBREBEIA R tHZE
M@ AR A MK 812 & i, I Im M BE 2 1 MEP 425 i, MEP @1t 24kt
R Ko &I RE R e, 72 MEP @48, fAEZ R, Hdr, Dxs (1-fit
SEARHANE- 5 -BERR & e ) A1 Dxr (1-5 5 -D-AR B -5-BE IR AL IR 2 K D BNy
5& MEP i& 12 (PR IE RS, [RINF, 8 MEP igf2r, &7~ EmAhg & a4t it
) HMBPP (1-$536-2-HIJE-2- T Ji 3k -4- R ) A1 DMAPP ( — H 3L A 3 — 1k
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M), SCMIMRI A . BFFTKEN, ispH RIS RERS TNiE HMBPP 1 DMAPP 1)
FEA, G T AN AR PR A I EE AR R, RN, ispG (4-FRE-3- R T J%-2-
W-1-2E ZIERR A R AN ispH (1-333E-2-FHE-2- (B) - TfE-4- —RERE R F)
TEAUML B AN B AR, 6 T4l R Ui AN rT sl (¥, H A1 A R AT LAGE T
4-JRFE3- TR T M- 2- M T BEIR A AN 4-FR L3 F 3 TR -2 2 T BETRE S G
¥y A= 01,

1E MK A5, AFAELH men MK, 43502 menF (FHEEZEERAT Rk 5743 3¢
ME ) « menD Q- BRI FRBEAN 2- 3% 30 Ik - 5- 4 e =X P4 P - 6- 2 2k -3-
I OHE-1-RIRE )  menH (2-FEFAME-6-F255- 2, 4 - O ZI-1- R IR & i) |
menC (O-HRFAME K FH IR EE-CoA & M) « menE (O-BEHAME K HIR- CoA WEHERG)
menB ( “FIEZEHBAEE) M omenl (1, 4-"FFE-2-ZERAHES A KRB |
SO IR I B AN 25 B BF IR S 411 1,4 - 025 R L A2 (MenA)
WA R LA TR Ko A U i S Bl AN PR s

- Shikimate Pathway

menaquinone pathway

Glu PYR - MEP Pathway
DxS
Dx: D: IspD

S — S
IspE

IspG IspH IspA

CDP-MEP MEcPP HMBPP IDVVNYY
IspH
PP Fni

Kl 1-3 Ah B AT R MK-7 ARG &1
Figure 1-3 Biosynthesis pathway of MK-7 in Bacillus subtilis
114 SR K WINsESNA
TENHZEBAL S PIH—Fh, 4R R Ko TEB IR T BT R T7 TR 451
S TZIRI, BRI, AR ER Ko BB AT LA RCTRBT Ao L5 005 B Jo
FAHIRA, RNy, 4R 3R Ko FEMA B AR S50 N A 5 B YT &G, = AR
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PR AR I Y B T, AR Ko ARt RS BRI LR
1.1.4.1 BREM

VER— Bl WP, B BB AARE 2 NI — BB o B PSR FARE /&
T8 D5 A i W P B o B o, T 51— AR ) S5 R T R S A IR AL
TR TR R, A TN, EEE S PERE. &
Keiit, BT A2 BAFIAE LG i T BB B AL AL, VF 2 A P S | 18
B W 03 A MLV R e S5 — B R P AR 5 B T siba . 44 3R Ko BEfS
RT3 R R y-FR R SRR TR R MR FE B3, s I 585 B8 7 R BL i A
FE GRS, (REER L, SRR, BhAh, dEAE R Ko RIS AN
VST R IR 200 L s B4, ot i PRI RAL, BRTHE BERE  RR R SE
R, KA R Ko B0 A BO8 0B B, TR & B -
1.1.4.2 1L IMERR

TER T TG R N B8 — KRB SE LR R, G A 2 AR FE 3, vt T
NI f6 TR B N 3500 oo ML 09 2 41 L8505 3% 1) 5 S50 4 B L0 v
T MRS KT, SO0 AT B R I, = 9 R 3 ik o A e 1 B
BRpf AR PERE 2L . BhkOR AR ARG SRS, AR 2R Ko REBEI0E B A 2R I Bk v
[¥] Gla 2 [ FIZRIERO), %28 [ AE B4 M8 454k, B AR Co I 150073 1R R AR
—IUF TR, FEETRAGEAE TR Ko X T 245 858 1 O A B R I IR
B7, YA T Ko SN RGNS A RS E B KA, X RA4EA R Ko X 5
O MG A B AT 8. Bk, EHEERGR, Bngid R K R amrE
N B RIS T O ML
1.1.4.3 FRREIRTT

FERE— BRI H NSRRI X T, RRE AT T 751 B e 3 8 5
TR o e 21 N A 58 6 1 4 i Rk 16 5 T 52 W) Ay I A, ABEOR A\ A
SR AEBIThAE, A0 W R e . R PR A B S . AT
R, AEER Ko fEPUE IR RIS h R G AMAE T DIRE: (1) 4E4EF Ko vl Bl
IS H ) R B (NF-xB) 755 200 M 200 A 0 SO v, 401 ot 00 e 38 038,
(2) 43R Ko T DA I 40 M GO-G1 A A 454, AT LA ARl 14 R e - 34 -
WETE hr e S R T o-MY C [ , A5 759 40 . A A A5 i A5 - 4 PR FR) 2 A6 39T,
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(3) 383 755 R R R p53 B IE A SRR TR R, 4E2E 3R Ko T LA
75 IR AN M A 200 (4D A= 38 Ko M LA 200 A 1 Wk SR A0 1 40 P ) 1 {041
(5) e 240 it — A 3211 S808 R PRt R kg e T DA S TE 7 3 Sk s e At 1
HArIThRe, WAL, 4R Ko v LLA AR PR 2R, (6) BT IR
M A R Ko SRIGITRESN, 44 R Ko 5 H A2 B A F 24 th T UK %
RARAR B, Bl 24y6 97 Iy, 25 R Rk Je i S qste FH 2 00 ) 240 it J 341
B IR S A ) R R TR p27 O ERIE, [ B 2 0 o A A R Y A
(extracellular regulated protein kinases, ERK) FIfERIL, 1444 R Ko SR 5
FEJe SLRAE I, AR 3R Ko v) AR R B AR JE A R B S AR, R i3 40 L Fr)
T4,
1.1.4.4 Bl /R 257G BRAE

BT R 2% HEBRAE ( Alzheimer's disease, AD) A& — eI B B (1 3E4T 14 O J8 1)
MZBAT MR, HATERMIE &, AD MIPKEHEE T o Kl & d i p-ii
WA (B-amylod, AB) HIZHMIAMTFIFN tau 25 ATEME TGN R, 12
PRI U2 ST . AL I P9 N 20 Ak T RE B S 4 2 5 B30T R 24 13 BRURE
SO, FHEFR R, HEER Ko o DU B-TE MR (AB) 5S4
PRIRTE et (R . T /NI DT A A U 8 T AT R ] 454k 23
SO A2 T, TR TR 7R 24 ¥ RO 14 TS5 ARE PR 2% A 7 Th #8143 L E4,
A MBS F AT TR, R 24 B0 5 S0 G R AR B 7 A T BT3 ] /R 2% 1 BRIRE (16 A2,
TEXME T, A3 Ko TERT /R 220 BRRE S0 1697 7 T B AH DG B AR 7T BE R
X =TT, BT R 280 BRI R B I R SR AL T — AN 1 SR %
1.1.4.5 Hit 2 H

2 BUMEPRIF (Type 2 diabetes mellitus, T2DM) {EN—Fig AR, 1
PR R, HAeES @ YR 4R — AN IEE I K. 2 BURE IR & S 8ULE
B RIS Fhas B AR TR iR, M EE T N RE, T4E2E R Ko T L
ARG 2 BURE RS 1 S0 R, BRI, RGN 10 pg 454 R Ko IR,
AT AREAIR 7% 00 2 BB FRo5 (1 £ U451, 0 )L K K 8 A 22 R4 ) g
SRR E, AR Ko FIFFRICHE T, Rty b, 4E4E R Ko fER N RRIE I
it L R R L R A 0 P, BB A BB S I R , (R I vt [
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FEBEINL 7 T R A R R, VRN SO AR b B, C-IRNEE A
(C-reaction Protein, CRP) & —Ff H AT B £ e VEFRS s P 1) 1E T A4 vk i
A, EHUAE 52 JOE 105 N HACT- S ol =, B8 A RUR BB 287K
o dEAEER Ko FTRER VS SRR RIS IRANMII T, AR IS4, £
TEHBAGEAE R Ko Jo, B CRP /KPAFRIBRAK, 28 XUIR I 48 1 RAEREIR 45
B2t o
1.1.5 4 & K IR

B AR WAL 2 I BIR AT AATX T B SHg K P BR E, 44 % Ko
T SRTEIZ DA K. 2019 4F, 443 Ko BRI A M AUE R 102.9 Ji3%
76, TSR] 2026 4F, REREIEK R 400 TIETC. EXZH, FTRERIKM, &L
i 34.2% M AT (20190, HRAEZAESE, S 32.8% MM (2019) 5 HEFAVE
BBl N 4E42 2 Ko (1 E 5477 K 4% Kappa Bioscience. NattoPharma. Gnosis-
DSM. Viridis BioPharma #I Frutarom. F[E#E1%Z77 HEEDHEM, HE R AT AR
RAEVMRHE A BR A R B AYEE R Ko FAEF=VF], (R BT A RS 25 77 T (1 R
i, 7 BRI TGV T A2 N RT3 7 2R, IR RRIE I 11 Sk A2 [ Y 1 T 3 7% SR 100,
1.2 B RRRLRIE RGBT A

1 —Fh 2 i (8] 3845 RGN, BEARKS (quorum sensing, QS) TELH A
FLIA 23l AEAE o AR (] B A 22 00AE 20 ()R] DA Bl A4 8 B R 3
R AR DS B, FER AR DG R R IA Y, FERR AR, dHff Sy
PP 3714 (autoinducers, Als) HMALHAE 5 40 [R]R4T 9 5 I KI5
Ik, EANE . BRSO AN A ZAERA S HFESAE, Hb, H
BRI R E A, RS B2 A4 G, WoRm N R Rk, RE
RiE IRE . BRI — NS R, e AR AR R, I 20 % P 1
m, HENESFIERE MR RSB 2, YIRS REREEN, S5RE
SZAA G T A LT RIS 571 AR B NL A ZE IR T T A B A A4 AN [ T A4
(RIRE ST, (A0 B T8 5 FR AR 00 I S e 45 2 a8, T Se Sl R Wi T
F S RGBT IR 45 B AR, B AR N R AR AR IR 2, . A
P8, B IR0 PAEFRION S (K8 AT AR W R 1 AT
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121 E=KAME

TEH 2 RRHME B, A ISR, R G : 43 WP FE K (secreted oligopetides)
XUy 240 (two-component systems) , == % FH I 45 & A% B A Bl 52 A 1
AT e SR 2, R BRI TR K Rk, B3k Cautoinducing
peptides, AIPs) , & —FfEANM=E, o TA B ARk, 2=
PQRH M B BRI RGP 1R 5 0 T BB RECE I, MRSt AIPs HMREE
SEBERIIN, IR AR R hT, E SR S 40 M I sl XU S R G 2
TR R A, WORMIE s, K% PR TREER .
122 Z=KAME

52 PRBH M T AN R IR A2 o 22 K B B A B Y 2R G 1) B 159 70 2 A
Fe 2 J PR WSS (acyl-homoserine lactones, AHLs) B¢ HAth i s- IR R
(s-adenosylmethionine, SAM) & HEHIZr T, Refg B HE I 4 iEy B3 st
SAFAE T AN BRI BT N B ARy RS S, RIETRIEER . AN, FEEIR
BH P B R A IR R R e A S SO BT 2 B A AN R A i B R B R A R A AR
Ol EEESIEES, BTSN B RREE B 75350 E s g m,
BETTRESE 1 —NATE R EE,  ABA A AT DU 20 B s o 2 R 1 [ A2 3R
1.2.3 BHRR N AE RG89

AR AR H AT B FE R, B i B v B A v A 7 R AR AR 04
PR G R AS TR 2 SR ) G B TR R B« TSR0 L AR T a5 S AN B 7 i | 2
DR AR S T T A (1 R 3 Ak, AR B 8 RIS T M, 25 5 3 4
R KA, A #B R R R, AR B0, BRI AE 3 A 1
PER)— R, AT LA BANANAE A AME 5 B0AR ML, A SRR RIE . TRV E 2
A PE IR R G, BARBNIEATEN LT, ORI G5 R A 20 4 i
AR AR A ARSI HTER T, RENE 142 4H H 2% B2 AR DRI AR BAT 9o MR TS
VRS, DUBRAIE R A B B3 TR 2 R G AR R 5 T A AN JERVER, Reig
BOTRAE D IE LT 2% R B ARIOT), o3 FUAS [F) i A 2 IR AR &, SEI H AR =)
P A 8, SR A AT AZE A0 A AR KN =4 B Bl TR R 2 4

AR IR S FR) AR 5 2 Tl A P i A3 5 40180 B 5 AR S5 A0 0 el i 1 4 3
RIFIB K ARAE, & — P 20 B FR AL . B BN R G ARSI T 40
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M AT 5 A0 4, BRI D 20 M AT DARRAT 2580 T 2 A B AR W0 Th e . 1R
— MR AAE R AE YIS, BRI RLAE 2 N U B A A T T2 R . AR
b A, —T5 T, BRI AT T SRS A T AR B, JLLOSIAE N
TE R B vt 7 —Fl Esa BB RS0, WL T 42508 28 GHPAA) (1)
MG R, 8 E R IRAF R A 7k ARO10 F FeaB 251k, #2751 4-FFE 783
NS 1) JHPAA AR, FEARBINEINE SRIATIR T, HPAA BJ= &k
3 17.3940.26 g/L, FEIR7=FN 23.2%, SHAEHIRAAHLL, WER S 1 46.4%:
7, BRI R TP B AR A R A R R O R, AR5 N TE
Fili B ZE AR 1 R R HE—Fh Phr60-Rap60-Spo0A B2 1 19, I8 i i 37 41y 2%
FERIAZ A LU MK-7 & B i oSS R R 3008, P 4 A KR =45
HIFIOE R, &K MK-7 M7= B 3Em %) 360 mg/L. FRibz 4b, Mg R BRI
TES ALK B 5 5 A AT E M A, Somal 7% N TE K B R it 17—
PR B RAC IR BN T 2% (metabolic toggle switch, MTS) , #1574 e & Bt
FE B RNAS 5 Be 0 Ar A . TERERK B ORI T, 2 P e S A
I A P AR A BN RGNS, BRI, BB R 77 (quorum
sensing inhibitors, QSI) I — MMl £ 4 J5 Wik 2B 0 A B Y50 iR 1 A
R B2,
1.3 A EFAME P ETHERIBIEE T DegU HURHA R FAIE M 48 734
EBERE DR R, AR DegU VR AN R 2 FUF 108 XU4H 43 1R 4%
%4t (two-component system, TCS) [Pl R 145350374, 15 15 2 8 E (14
AR, WNHEEIE RS, B A R B U AE I B U0 . RS R 2
I, DegU-P REMS{ERE 2 A FEH s, 1M DegU [F]I 3 RERS (L HE A gt i fe
F BTN comK HIHESE, RIL DegU M 4% il 4l i dvia 19 73 7 HF 5607,
FRI, ANFEKEER) DegU-P fE40 M0 N R IEAE I THREV®): K/KF 1] DegU~P fE
e A 2 A0 M B4R R 35 SR RIS By, 857K T+ (1) DegU~P it 8 {2 3E 20 i A W0 1) T S
1M =i 7K ¥ DegU-P, —J7 1, fEA427 fudha A B AN A 7=y-PGA T 1H K35 % (L ik
YRR, S5—J7 T, XA M4 s A AE VIR T . RIEFRATTIA N, DegU
A DL I & 150 SRR AL TE VI 2 A RAT A 7 TH R & 2R E B IER .
[FIiN, DegU J& T~ NarL Wi R 15 88 50, 7EH: C 3 2 A — AN Te- 4% £ -1 e
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(helix-turn-helix, HTH) 254, HLLRBIHEE ) DNA 74107980, DegU-P A
PLS AR E 0 G 80 7 X IOk A2 456, T2 DegU-DNA - JEAA (1) 45 44 179- 81, 821,
BET AP AE B R R E A, T P4 &1 FA B R A IR BRI RapG i 153,
KT RapG 5 DegU-P IIEIEM 770, AR FINA, RapG I LMEIIE &1
TRP 4543k 5 DegU~P K E45 A, #EMIAKYE RapG NHIHITER Y. phrG 4mis )
PhrG Ti/IRAELHNL N 5 BN pre-PhrG F45 70 WA B M4k, 7240 fi o7 o 32 L o
BEE M AR, AR RGN, AT PheG LRI EEAE AW I, 2
YN R Bk — 5 BB E R, PheG 2l 40 B I SR KB B R Ak

(oligopeptide permease, Opp) #HEAMLHE, KR 1h45E RapG FEHi| LG,
BET K E DegU-P (G E. 58 RapG & FAE 570 T PheG, FRAITAT LA 2
— AT AN B A TR A RGN A KA, A B RMIK, RapG &5
3 DegU-P M RIE(ER: BEEANR AR, MREERHTE, M40
HPEIRB— 2R EERT, M4 PhrG JE AN ARAS ¥ SEAKISIERE S A Mt A\ 41 i
5 RapG ¥4 4, % RapG XT DegU-MIHIHI1E ], DegU-P 454 31|40 5
PRI JR Bl X 38U AR

VEAL R ZE PR R UZH 53 A% R G LR 15 2%, DegU #8112 2
A A ERRST XU S PR A% R GO/ E A B FO A IR P SRR R AR, AR A1
RIS S5, @I H RS I O R, e 4 1) A O EE TR (1 A SR8,
T B A B 2E AT B 38 R AR I AN 3RS . DegSU XU 43 135 R GuAF NN H
I G B FP s L IR 5 S AR ERSO), 42 11| 35 A R 2 R B AR B Br B e AR K
B BRI Pl A Ay ERE(ST), 1245 5 1 S IR AR R A5 19 41 B % I I ) R AR 5 1 AR 4k,
TR HOS LR EETSL, XU 73 4% R G e AR A A = RIS (histidine kinase,
HK) (DegS) M I [RIYH IR &2 RN B 15 8% (response regulator, RR) (DegU)
ZH A 20 R B A TR B RN, (55 70 T 2 Bl AR 8 B AL TR 3RS (DegS)
b, A G AER IR R (DegS-P) , SRJEBERRAE FIE &5 7
3 [FIY i B2 3 B IR AR R (DegU) Bk EAEH AR (DegU-P)
T 5 ) e R ) B 1 AR
1.4 WEZFRFEFH sigma EF

sigma R TAE AU B 3) TR 0ooft, GE%iRmE R 30 T5 RNA EE N

10
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MR . TERN SRR B P AZTE 2 B sigma PRIF8, 43 IR 3EE AR .
X2 sigma K7 AR E EME MDA, w22 F 2 sigma BT FIREMR
sigma Kl ¥ Hrv, FEW sigma B FHARAE K sigma K7, FEATTA MG
AT T — SR R B 5% HoAth sigma K1, R NIRRT P sigma R,

RAEREE G OL T iR e FE N (% 5% . 75 BS168 1, oA BN E RER, o #
AR RN — % J11 sigma 5, T oM E TR HOMW 5 AN = b BU i 4 = 224 F
[89],

R O1-1 AEECZFAT B sigma [R5

Table 1-1 The sigma factors in Bacillus subtilis

Ay i B EE i

sigma A R, B MY UG, A AT B b e Y sigma BT
sigma B VLI N

sigma C BHUE M B R Rk

sigma D H R SIS REE RS

sigma E L BRI B PR 2 0E

sigma F TR FL R s PR 3k

sigma G SR O T AL B PR R 0k

sigma H U Y BB PR 2R A R 1 T A
sigma K RS 4P -4 M s PR 0k

sigma L Ve ft it R 1) 20

1.5 £YEEEREIR
TER—TTABIERL, MG BF MBI AR LRG3
FHEZ ERNE A USSR, AMME B HISCR T AW Z a7 =, 145
A% bR R SRR I AL R S M A T R AR, BROKHR BE SR AR 1t A
IKF .
L6 ARAE. BHWS5EX
L6.1 fAIRBMEEX
FEARTEFEH, FAVIETE T 400 % B S TR & Z AR G &R, BAF SR —Ff
REA% V-0 Aok B 2 F T A o 20 AR K 5 P B R TRIRE SZ R BRI Vs D, JRATT

11



GRUTRE R A A 183

WL FE PhrG. RapG 5 DegU A BAEFHOCR, LERNEL A 18 s DA 1
—7) PhrG-RapG-DegU BEABN 4 R G0, A 54N B0 28 Al AT 5w AH O Bt
PR R0k 98 B R 4R 514 HMBPP A1 DMAPP [ 256 40 o AF K Az R 1 5
M, PR B AR A=A R R R R s B R A S A T A T &R
1.62 MARAE

T, I B R AT B AR AR AT, R T ASRAR T 0 R R 4R
K¥ DegU; HE i i e SRAF % ROR AR 1 IR 45 5 31 T Paego, BIEXT 1% 5 3
THATBOE M RAL, MR T, MikRE A STHNEESHE3IT Ps,
FI VLT A U A% OGS R R 320K« #2 TR, M1 PhrG-RapG-DegU ¥
PRI 5 R GRS BT 1 P MK-7 A R R A SEib P gl — A3z
I 2 B I A Zh A TR SR, K= G B A AR KBNS R R T ilek, P T
CHEZIEMR R, AN B AR mANT R, e T AR I R, R
i Fk BSO6 41 i 2% A FI| 28.677, 1F 250 mL KN 2% - MK-7 72 &1k %] 102.47
mg/L, IXUEFRATELEE 7T R PIAT I, SEILT VK. mrsE A, RS VK. 1Y
T A A = KPR S IR B 2F AT B A 4 T A R B T RS A, [
WA IR SRV A AR O B AR (17 B 1 U4 L 1 SR %

P PhrG
pre-PhrG

MK-7

Glu

B 1-4 AHEZFAFTIE T3 T DegU HIZEMACHHR R

Figure 1-4 DegU-based biological metabolic pathways in Bacillus subtilis
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HMEFHTE T EREERET degURNEMERFST
i

3
Ll

2.1 BIE

FESRE IR T DegU S A B BEFUFF 1 XUZH 43 TR 43 22 6 Hh f i 17 8 5 30871, & —Fh
i A7 A2 IF HAR B2 s K7, R AR A AR R, flT
TE RS AR BB AR IS Bl 5 S 2R V) B v 5 4 O THI VR FEE AP AE AR L, X Tl
ZEFRT B AR 22 A0 M AT AT AE 2 B B B A . BE NG RS BT B ok B A
ML) ERERLZEAIFFIR Y, DegU MRS F) Phr-Rap REGEHIHTE, X T4E4:
2 Ko LA 5 B3 R E . AR &l 25 B 2 BORNT DegU M4
L i TIN s = Rl CIEY AN U N Sl e vt v R R (2 S X S R E b
G, NFRAT T Bt R DegU FE A, B 28 A B O ML 5 4207 =, A
#2LL DegU Ay AT 21 PRI AR B B 45 07 B 5E T A
2.2 BUEXIR

B 2F FUFT B degU 4 B R AHRE 17 51 5 DegU Bt 1 A 2 LR T 1) B A NCBI
I E /A R C
2.3 BURSHAE
2.3.1 DegU EAX MRS

DegU HARIAN 73 7o ZEMREH . 707, SR, . R
R E RBEE— %ﬂﬂﬁﬁﬁﬁMﬂmmmmmmmMH%%nD%U%
2 A7 AR B RE 45 # m LA TMHMM Server B AEFIE 21, DegU & A (15 7
A LLEI Psortb 3.0 BTG E], DegU & F & S A7F (RS 5 Ik AT LU Ik 7 42 4
f SignalP 4.1 TRIFET .
2.3.2 DegU Z5#im 53 #f

A FIAE S R a3E 47 2 19 0T 1) 65 44 FRUI AN T R 7 7

13
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R 2-1 EWME B i RIAE At

Table 2-1 Online software commonly used for bioinformatics analysis

BT R P41k
Expasy ProtParam https://web.expasy.org/protparam
TMHMM Server https://services.healthtech.dtu.dk/servicess TMHMM-2.0
Psortb 3.0 https://www.psort.org/psortb
SignalP 4.1 https://services.healthtech.dtu.dk/services/SignalP-4.1
Conserved domain search https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
NCBI https://www.ncbi.nlm.nih.gov/
Phyre2 www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index
DogSiteScorer https://bio.tools/dogsitescorer
STRING https://cn.string-db.org

24 ER55MH
2.4.1 DegU R EMERM R
Expasy ProtParam tool /i it 7, DegU & F SRR E H A 229, FHX 43 TR

N 25866.57 Da, “FHLEUN 5.66, 77§ A Ci1a2Hi 835N32303458s, el THCN
3 653, TEM FLEN YN ZILT 0 AR A1 132 00 30 h, ZERREREAR A (#1213 30100 20 h,
FER I FF AR A B2 10 h, AFEE RN 39.56, 12 5E - g 1T R &N 10 118,
BOPEEKYE (GRAVY) H-0.251 (B 2-1) , BA K. Psortb 3.0 #4453
&R, DegU AT, TMHMM Server {45 B 5ox, DegU & H
AR EEE M) (K 2-2) , SignalP 4.1 BAFE5 R BN, DegU R HAMFE G S

(E2-3) , FUARETHWMEA. 2 LR, YIPHEW DegU A NoRK I
FEREE A

14
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Score

ProtScale output for user_sequence

2 ; : T
i Hydropath. / Kyte & Doolittle
1.5 t : . :
1
0.5
0 F
0.5 t i
F |-
-1.5 |
2 L
2.5 i ; ; ;
50 100 150 200
Position
P 2-1 DegU [ T 1555 K M2 #r
Figure 2-1 Hydrophilicity analysis of DegU
DeepTMHMM - Most Likely Topology | Type: Globular
Outside
Membrane
Inside
"] 50 100 150 200
DeepTMHMM - Posterior Probabilities
1.0
0.8
g 0.6
E 0.4
0.2
Inside
% 0 50 100 150 200
Sequence
-
K] 2-2 DegU ()85 B 25 74 73 #r
Figure 2-2 Transmembrane structure analysis of DegU
SignalP-4.1 prediction (gram+ networks): AMMO04295.1
' ' ' ‘ " C-score —
1.0 } S-score ——
Y-score
08 1
06 t 1
Q
5]
¢ 04t 1
0.2 t+ 1
& | iil il
MTKVN | V1 IDDHOQLFREGVKRI LDFEPT FEVVAEGDDGDEAARIV EHYHPDVV IMD INMPNVYNGVEAT K

0 10 20 30 40 50 60 70
Paosition

K] 2-3 DegU 5 5 Ik #r
Figure 2-3 Signal peptide analysis of DegU
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LRUTRRE R 22 A S

2.4.2 DegU Z5#i9 53 #f

%F DegU 8 F HIPRSF 25138 (1 2-4) 73BT BATTR L, DegU EEAMEEAE
SRS (receiver, REC) Al LuxR ZCTRIRE-4% M1-1R i€ (helix-turn-helix, HTH)
SRR R PR, R XL RS R AR . 7E DegU & R TRSF 4514
1Y) 104 11 1 56 aa (AL EAFE S B B T45 G005, RN 56 aa W2 BERRIL AL AT,
XA ] BE R A X ML A R A I R AR S TR AR B R BATAT LK
L, 7F DegU B ARIMRSF M+, AF1E 6 MBUEALA, 20502 10, 11, 56, 844
103 #1106 aa (7 B, WEBRAASAMEEEFEEM S, H, 56aafi#
MR &R FAEALA, WRBRAL A, RIS, B ERATHEN
ZALE AT RE S DegU 2 I ThREM G RAR AL i . 24 DegU S AFIENE 5 )5, 7T
ERE R B, SURE SN, #EMSIRERE TS, WMiEEA
IR . UBERAAL A &8 8 T45 G A0 RO AL R R T [7])— XAk,
A DL R R PR UE 5 E AR B A, BT AT RE

o

Query seq.
¥ T binding

[ S

spocific hits “

‘ |
REC superfamily ‘ ‘ HTH superfamily “ ‘

Mon-specific

o P
hits
Superfan,

ite
Phazeharlation site )
tie site o
f : PRE10651
ilies |

‘ PRK10851 superfamily
CitB superfamily

P 2-4 DegU HIAR S 45 # I o #T
Figure 2-4 Conserved domain analysis of DegU
2.4.3 DegU B HTH-LUXR Z5#38 53 4h
7t DegU H H &5, fF4E— LT 163-220 aa [ HTH-LUXR &5 #4315
(B 2-5) , IR — DM IRE-F M -1R e ai e, R4 57 MEEERA N, £
DegU HHY5 DNA 46160, FEAFAET LuxR/FixJ Z5% K18 s 1.
ZERIEZ A R AEAE, EIZE5 Y, DNA 5 HTH 451491 C smsdhi&,
1M N d L H 7 T R8s A S5 M R SR T S M. R B R, TuxR #
FETE MBS T o BB RR e S U, TuxR LR P R T AT DUR SR 4
MERRBEMEM. B, EEYT, luxR BLE PR 77 DLz A2 #E
2 B A A A

16
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2-5 DegU M4t = &
Figure 2-5 Schematic representation of the structure of DegU

HTH-LUXR &5 f 300 & PR e sk 44, o, HTH 51615 44 S0 2R
Jie 1R 57 MR AN A4 A R R e B = IR 4, HTH 45449 5 DNA 45 & R A7
Fignh, BIRES S gerE 5 traR [ FALIEFE.
244 ERBEFHEENSD

X R G, A5 5 T2 h A 1 A R W 5 e S 8 4 2R e R T R
ST SEAREERE I 2 T8 1) 462 J8 B - MR P B TR A4k FL 2 S LA 3 1) o TR 2RI Ok
i, M@ REERHKEEE T, EWEHHM &1, W Mn?. {£ DegU & H
Mg, FERNERE TEEM A AT 6-122 aa (7B 41F4 (K 2-6)
AT 6-118 aa FLE ) 4YNS (] 2-7) . Hrr, fE4IF4 L, Mg 5kE&H M
H % PR P VraR [ REC S5 #3801 2 MK+ SALTRAD 2 A Asp FRIERCAL; 7E
4YN8 b, Mg?'5 3 AN/K 531 A E MM 3 B 35 T ChrA 1) REC 45 #4380 (1)
Asp/his FRIEERCHL

2-6 41F4 45 k7R =

Figure 2-6 Schematic representation of the structure of 41F4
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Kl 2-7 4YNS (125167 8
Figure 2-7 Schematic representation of the structure of 4YN8

2.4.5 degU EEHEER ML

T STRING Wi T degU MHEAEHMZE (Kl 2-8) , AJLLKIL, DegU MY
5 B BT AR R B IR BEREE RapG FOR%, AR R L R PR B RLES RapH
e, XKW, degU FERGEZF fUFT B 1 52 B 2 A Phr-Rap RGN . degU
5 H AR EE S FE N degS. comP+ yxiM. liaS< ydfH. yhcY F yvfT 2 [A] 45
FFEMBEAEM, EMELEBERI, DegU 54 A TRBEE DegS IR it A%
V), XUCHIER B E AT R, B REY), AR . [FE3RATTH AT LA
HEM, A5 B FIRF R R, AN S RS AFEA AR BT, A B,
MELFEE o AHEAE AR, degU TEA B ZEFRFT B p (10 18 42 77 THI K 4% 25 2 11
fEH.

K] 2-8 degU F PRI AH HLAE FH M 4%

Figure 2-8 The interaction network of degU
2.4.6 DegU EHM B

81T DogSiteScorer frZE R M (K] 2-9) FATATLLK I, DegU & H B A AL
e, AHRA WA RDME 4.
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K 2-9 DegU & [ 14 (] 25 1 78 T &

Figure 2-9 Spatial structure of the DegU

2.5 RENG

ARSI DegU A HIAEYIME B 23405 BT BN 4047, T DegU & A

RISEH, o BT FLAE A S 2R A B R A I 2 R O . BRI S I 25 R
(1) JEILX DegU & FARISEARMEDNT AN AT BERRSE 4 /3 M7 FIAS 5 ik
FRAMEE M, HEWTH DegU H FUOMSROKEARIR S A -

(2) T DegU & AR ERSF A5 T ERAT R I, DegU A 56 aa
MBS B TG, RN, RIS R BIEAL R, P FA1HE
Wiz B /& DegU A I T RE M O AR A7 1

(3) DegU () HTH-LUXR 5 #4382 DegU £ 15 DNA &4 AL s, 24
Ptk b AR AE IR S5 M . TEIZ AR, DNA 5 HTH £/ C inss &,
RIFPAE R . TERH SN, ZRE R IR E R, (BER e oL Rl
PR FE ISR 2 R HE PR .

(4) degU [IH HAFE 25 0, DegU 75 A B 27 FUFF T8 A 150 I 4% v 1) 8 388
Mo Bk, fEJRSEMSREG T, FRATREISEE DegU MR M4 HAT /0 M 5 iiE, LA
oy — PR 2 MK-7 B9 H bR Bk

4
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%8 3 & PhrG-RapG-DegU BHARX N IE R Gt HIH

3.1 IS

FEVR IR SR 40 A 1) R E TR LR, EAMRBR S AE . AN 7R M 37 10
UL, AR I RIE o B AR L 5 A ) 82 J5 50 0 A A St S ) 2
AR AR5, Horb, AU RLE 25— o2 Fa x5 46 5 2 7
A7 16 RAF 1) R 5 1 LR S AR I IR 31, B BARAS B AR )& e 12K
FAT B 3 T X A e R A S [ B AT S R, A TR AR AR
IR (FPP) (&L, AN EILMm 2 (50, AWML IEa — BRI T H T,
FEF S RYA AR R, i85d 5 DNA 40 F 46 LB B E# 1 H 1. Lo & A4
FER I 1 b R BT AR A 28 IR A A A K 5 P 6 O D R, ¢
¥ B bR r= W A RERR V7 B 5 AR KR B A R T 5 50 2 £ o (H2, B TR
YIRS R BT AN AE G R BRAE — R E &2 2R EHA A 1 R R T, Rk, ez
BRI AAGV)F T (M R KR R G0N B AT IIRE T4

75 b —#op, @k A FE AT B b DegU & A A4 5405 B RS % 5 ik 40 #7 »
BATS TREAREAREEG T €0 T k. AT S, RATE SR AT
i degU, R T AN R SEFRURT 1 b RO RN R e, 915400 A1 A 06 0 H At i 25
(ARG H% R R R IA o B0, I X A B 2E 94T 1 ' RapG- PhrG 1 DegU
M EAE DG RIGAE, HEWTH =38 2 A BRI DG &y LR, J8 I 5 R i R B i
=T HEMRA KM S5, TERLR M R P i9iE PhrG-RapG-DegU FfA4
BN RS, FT RS NSRRI,
3.2 KM
3.2.1 EFRANFRL

R R 2E AT 1R BS168+ UKL p7C6+ Jii ki pDG-Cre. JFifi pHT-XCR6 ¥ A4
S = AR o
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322 EEAHREUEE
2% 3-1 FESLIG G0

Table 3-1 Main experimental drugs

2 4 B TR
B E R =253 AT A
R A G/ AT A
KEHEA M =253 g TAY
NaCl G4t Il 244
K2HPO,4 Jrifral [ 244k [4]
KH2PO,4 bt [ 24 £ 14
HCI e [ 24 £E 14
NaOH Iy hrat [ 2455 [4]
I I p e BT A
IPTG T AT A
PrimeSTAR® HS DNA
DT TaKaRa 4]
Polymerase
PCR 2t a5 & Vimaey| T A
i Bl g7 Wil o FHEA) EHAETAY
JFORLAR B 7 G TR RIRE
24 B 2 PR AL R A 7 o FHEA) KA
SOXTAE 15K GFED RIRE
Goldview HZIRHLE} L5 AEH AR A PR
RN G R B (R ED AR
6xLoading Buffer Y A
o e T A
VA T I o FHEA) EHAETAY
i kg (E VAN ¥l
B RS BTz T A
1Ec ke ik (E VAN ¥l

21



TR R A 18 5

i ik 2% (IETAE
HER 5 [ 2 Buby i RigA A
FRER 5 [E] 24 Subr RigATAY)
S sriral RigA T A
SR s at RigATAY)
#* 32 I FEA R
Table 3-2 Main experimental instruments
NEER S CR I
DYCP-30D 7KF- HL ik i AEH AN — AT
a4l L ik
Rk 5 TR A EIAEACER
K30 a4 SR ARG A R A A
& AR T L PR G RBHE CRED BRAF
H S %4 R 5t SYNGENE

TU-1810 584 n] W4 e it
HS-Z1-20 ANHEANZE IR KHL
TLE104E H-FKF
VD-850 B FRiEF TIEG
JY1000C =1H Hk1X
o R 28 VRUK B A
EL20pH 7]

(DY
SHZ-82A BRIk 7 v
PCR 1%
250D HUR I IR
R T R R 4
TG16-G a3 15 B L bl
VKA

DHG-9143BS-III B, #AVIE i 8 K T 146

22

AL 5T AT i A A AR PR ST A
M ARAL AR 3G A PR A7)
MR TR 2403 (R HIRAF
TRMFAAX A PR 7]
bR B AR )7 Ik B A A PR A ]
HZ SANYO
MR TR 2403 (R HIRAF
Galanz
B3z T AN R AR IR 2 7
SRR (Rl HIRAH
B3z T AN R AR AT IR 2 7
R TR RA T
WA B AU S PR A )
TR
b R BT AR
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BEARAL FEEK
TG16-W fof i i i 2 O AL AR DU A BR A 7
1o AR €T A H A iy
T € 5 A FMEE bR XA PRAF

323 EZFE
* 33 FEFi

Table 3-3 Media used in this study

SR TR Ly ik

SEZF 1000 mL, I pH
NaCl5g, BEEM 10g, BEEHE
LB B4 7.0, 121°C°K1# 20 min,
Yy 10g
REEFRFEIN 20 g TR

EZRF] 1000mL, i pH
FERESREY) 50 g, Hith 50 g, EELE

‘ 7.0, 121°C’K 1 20 min, 74
SYg KEFEE T AL EY) 20 g, KoHPO,3.86¢, B
U FOL IR B S I K

T i s 7 4

KH,PO4 1.62 g, flfEILEHR 2 mL

SPI V¥, SPII ¥&¥, 250 mmol/L
Sipizizen EZ A&7 MgCl, 50 mmol/L CaCla, 50% 7

EIE

324 FERRK
SPI-A: 0.4g (NHa) 2SO4, 2.14 g KoHPO4, 1.2 g KH2POs, 0.2 g FFEHE=
KA, IKEZ ] 100 mL, 121°CK 4 20 min;
SPI-B: 0.04 g MgSO4- 7TH,0, MM/KEZH] 100 mL, 121°CKH 20 min;
100xEGTA: 0.38035 g EGTA [il44, hi/KE% %] 100 mL, NaOH 7KK
pH 8.0, 121°CK % 20 min;
50 Yo BEARIER: 5 g MEFEEAI S mL K, I JERRE:
100xCAYE: 2 gl H/KMY), 10 g BEREZEU, 7K€ 45 %] 100 mL, 121°C
KB 20 min;
50 mmol/L CaCly: 0.555 g CaCly, JH/KFEZEE] 100 mL, 121°CKH 20 min;
250 mmol/L MgCl: 2.375 gMgCla, IM/K7EZ %] 100 mL, NaOH /K& 1H pH
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8.0, 121°CKH 20 min;

SPI }% 753 : 0.98 mL SPI-A+ 0.98 mL SPI-B+ 20 pL 50 %% Zj i+ 20 pL
100xCAYE;

SPII #57%3E: 1.96 mLSPI+ 20 pL 50 mmol/L CaClo+ 20 pL 250 mmol/L MgCl,
3.3 LWHIE
3.3.1 MEFRTEAEAREZSTIE

R R R 2R AAT B 168 A7 1E-80 °CUKAE ., 1F 4 °CHARmML. PRI
TWAGKEFRITE LB B 7R 5 b AT f [ AR 7 i B IR SR VA BRI B 54 5 mL
LB ARG SR o, £E 37 °Cy 220 rpm 2641 T 1597 12~16 h 58 BB R
1t

ol B 2 PR TR RS2 A5 K 4 SR Spizizen 1SWBEAT Ak 264k, 7 [ A5 95 3
FTH Y B P B R B SPIRE FREE R, 37 °C. 220 rpm 454 R H59E 12~16 h J&, L
40 pL B R B SPIRE R AL, H59% 5~6h J5, HX 200 pL R R SPIH:IF
Ferp, iR 1.5~2h, S0 20 uL EGTA ¥R, 5577 10 208 5 3R15R 5 2 AT 4
332 MEFETFESERESAS FRAREE

W R 2 PR R AT B IR SORL 18 K A T R 2 PR SR TR 7R 5, A3 LB
VARG TR A1 TR =X B0, 3 ) SR FH 20 TR 4 225 R 4 4 Bk 7 6 A SR 2
PRSI AT 2B RS B ARBURL ISR, R LR i S Ak U P PR B
3.3.3 EHEKRINIDE

K TG 4% v P ROR JEAT B A R AR I A 2 0%, W LAy B 5 IR B 2 F A 1R
ALK . 5IYR A snapgene Bil 514, ZALENIHAMHE ARG R AR G

(K34 . FERFEE, MHESLEM PCR (overlop PCR) FARFG 345

HARB, KSR MMIR S, Bior— BN SR THEPaR, KKk
¥ B B 9% 3R AT BRIV PCR B00iE,  SRAFIERA AL TE R, KA cre/loxp REGTHFRE
AR PTA R BUIEDS), cre JURIAE 50 °CE6 M NHEFR 12 h THFR.
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*® 3-4 H=s PTGt

Table 3-4 Primes sed in Chapter 111

514 Pl (5°—37)
degU-F GAAGCGGCTCGTATTGTTG
degU-R-egfp CCTTGCTCACCATCTATCTCATTTCTACCCAGCC
degU-egfp-F CTGGGTAGAAATGAGATAGATGGTGAGCAAGGGC

AGGCAAGTCTCCTATTATAGTTCAAGCGAAAACATA
degU-eGFP  P7C6-R-degU-R
CCAC

GGTATGTTTTCGCTTGAACTATAATAGGAGACTTGCC
P7C6-degU-R-F

TTTTACTAGG
degU-R-R CTTCACCCAAATGAGTGCC
rapG-L-F CTGCTGTTTGGCAATCTGG

rapG-L-R-P7C6 ~ TGTTATCCGCTCGTGAAACTCCTTTCTCTAGTGACTT
A
rapG-L-P7C6-F  AGAAAGGAGTTTCACGAGCGGATAACAATTTCACAC
P7C6-R-Pgracioo CGCTTACATCATTCTTTTCCCACCTATCATACCGTTCG
Pyractoo-rapG ~ P7C6-Pgracio0-F CGGTATGATAGGTGGGAAAAGAATGATGTAAGCGTG
AAAAA

Pgract00-R-rapG GGTGCGATCTTATTCATGGATCCCACCTCCTTTAATT

G
Pgraci00-rapG-F GGTGGGATCCATGAATAAGATCGCACCCG
rapG-R CGGGCATACTCATCGTTC
rapG-L-F TTTGTGGTCTTTACGGCTTTG
rapG-L-R ATCCGCTCGTGAAACTCCTTTCTCTAGTGACT

rapG-L-P7C6-F AGGAGTTTCACGAGCGGATAACAATTTCACACA
Phog-rapG rapG-L-P7C6-R TAACGCTGCCCACCTATCATACCGTTCG
P7C6-Pyag-F ATAGGTGGGCAGCGTTATCCAGCG
GGGTGCGATCTTATTCATTGTTTTGTTCCTCCCTGAAT

P7C6-Pjae-R
ATG
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Phag-rapG-F GGGAGGAACAAAACAATGAATAAGATCGCACCCG
Phag-rapG-R CTTTCTCGGACAACAAGTCAT
rapG-F TGCTTGCCTACTTCTCCTTAT
GTGAAATTGTTATCCGCTCTTATATAACCTCCGTTCGT
rapG-R
TTAATCAGT
ATTAAACGAACGGAGGTTATATAAGAGCGGATAACA
rapG-P7C6-F
ATTTCACACAG
rapG-P7C6-R CGCTGCCCACCTATCATACCGTTCGT
Phag-phrG
P7C6-Pag-F ATAGGTGGGCAGCGTTATCCAGCG
GCCAATCAGAAATCTTTTCATTGTTTTGTTCCTCCCT
P7C6-P4e-R
GAATATGT
AGGGAGGAACAAAACAATGAAAAGATTTCTGATTG
Phag-phrG-F
GCG
phrG-R CACGGCGATTTGAATACACTT
ArapG-L-F TGGTCTTTACGGCTTTGGC
ArapG-L-R-P7C6 CCCGGGTGTGAAACTCCTTTCTCTAGTGAC
ArapG-L-P7C6-F GGAGTTTCACACCCGGGGATCCTCT
GCCAATCAGAAATCTTTTCATGTTCAAGCGAAAACA
ArapG P7C6-R-ArapG-R
TACCAC
GGTATGTTTTCGCTTGAACATGAAAAGATTTCTGATT
P7C6-ArapG-R-F
GGCG
ArapG-R-R ACTTCACCATCGGGCAATA
AphrG-L-F AGAGGACAGGGCTTTCAG
AphrG-L-R-P7C6  ATCCCCGGGTTTATATAACCTCCGTTCGTTTAATCAG
AphrG-L-P7C6-F ACGGAGGTTATATAAACCCGGGGATCCTCT
AphrG

P7C6-R-AphrG-R

P7C6-AphrG-R-F

AphrG-R-R

CCCGCATCCAGGGTGATGTTTGTCAGTTATTAAAT

ACCCTGGATGCGGGGGTTCAA

AAATTCCCGCTTGTCCTG

AdegU

AdegU-L-F

TCCTAACGCACCTTCACC
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ATCCCCGGGTTATAATAGGAGACTTGCCTTTTACTAG
AdegU-L-R-P7C6
G
AdegU-L-P7C6-F GGCAAGTCTCCTATTATAACCCGGGGATCCTCT

P7C6-R-AdegU- GAGGCGTGGCTTAGGGTGATGTTTGTCAGTTATTAAA

R T
P7C6-AdegU-R-F ACATCACCCTAAGCCACGCCTCCT
AdegU-R-R CAGGTAGAATTGACGATGATCCA
degU-L-F CAAATGCTGGCGAATGTTATG
degU-L-R CGGGTAAGCCACGCCTCCT
P7C6-F CGTGGCTTACCCGGGGATCCTC
AACAATGTTTACTTTAGTCACGTGTACATTCCTCTCT
Ps3-degU P7C6-R
TACCTATAATG
AGAGAGGAATGTACACGTGACTAAAGTAAACATTGT
degU-F
TATTATCGAC
degU-R GTTGTTCACGCATTTCTTTCG

R 3-5 H=m PR E RS B

Table 3-5 Strains and plasmids sed in Chapter 111

LK REE S
B. subtilis 168 S AT
BC00 B. subtilis 168 fiT"EF M, degU-eGFP AE
BCO1 B. subtilis 168 fi*EH K, degU-eGFP, Pgucioo-rapG PN
BCO02 B. subtilis 168 fiT’"EFtk, degU-eGFP, PgrapG AE

B. subtilis 168 fii’E#itk, degU-eGFP, Phuag-rapG,
BC03 N
Phag-phrG
BLO1 B. subtilis 168 fiTAEE Mk, ArapG PN
BL02 B. subtilis 168 fi*EWtK, AphrG N
BL03 B. subtilis 168 fiT*E Ik, AdegU PN
BSO1 B. subtilis 168 fTEFMK, Phag-rapG AE
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BS02 B. subtilis 168 fT'EBEMK, PhagrapG, Phag-phrG N
BS03 B. subtilis 168 ATH B, Prag-rapGs Phag-phrG, Pas-degU N
pHT-XCR6 Amp, Cm, 5 Pgractoo LB E A AT
Amp, Km, E.coli-B.subtilis FHREFR, B Pypae FEHIHI
pDG-Cre S = A AT

cre
p7C6 Pmd18-T £ lox71-zeo-lox66 J B S 2 A

% 3-6 PCR R WAL

Table 3-6 PCR reaction procedures

B IR MR I} [
A 98 °C 3 min
98 °C 10s
34 MEIA 55°C 5s
72 °C 100 bp/s
SEAH 72 °C 5 min
TR AT 4°C 0

334 RAERMMENER

Y& AR E AR spizizen VA6 U2 SN, K cre i
L2 Ak 1) EE 2H B A o, R P R IS B SR B P AR RTE SRAGH O 1 T R o DR EL S 1w B
AR SH RIBE R IPTG (1) LB 5794, 37°C, 220 rpm 264 F53% 10 h,
HEREBE RN, HHEMR S E RN EA RS LB #5754, 50°C, 220
rpm ST R E TR 12 h, W BRTEARIEAT K cre BURL, R B IR ORI BEIR AT
B LB B 7edk, 37 °CEREEE % 12 h, KA K ORISR T8 4 Bl #9231 LB B2k
HE RPN RIS R PR Rk b, B B ARTE LB R KH 2
FERE R PSSR R IR S Rm PR IR EAEK . G TG SR V& LRl
SR TEPUPER B A B
3.3.5 eGFP 32 E HIMIE

W PR R B VR B R B LB 55, £E 37 °CL 220 rpm N5 TR 20 HUY,
HZ 2% RN 254 50 mL LB R ER FR AL HEIE M o 4 4 h BURERLI eGFP 1)
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PGIRSE; BN IPTG MRS, AR EE N 1 Jasm s . Fl 2 Thaelbn
AR DU AT M (1) 50 FEIOR IR KN 490 nm, RS KA 530 nm, #8255 60
I A AT Aor il 4 B 2 Y 5 S o
3.3.6 EAEEE K MK-7

HIY B HRRIZET LB B4R TR, A ORI S B P e Ph 1) LB Wi s 7% 4t
B IR RO, 1210 2 % IR R4 BB 50 mL WK SY g KRG IR K1 250 mL
PR, 37 °CH& A NERERIR 6 d, AERE 12 h IUFER I MK-7 7
3.3.7 EMREKEIZRINE

WARTE LB B R 7R 5405, BN LB AR R I R 9% . 340 2% 119
PR R RO IR N 50 mL WA SYg KR IR 250 mL HEEH
RAEWE), 37°C, HERIR, B 12h BUEE, FEREERFENAE, R4 XK
FHEGFRACEEAT I E 600 nm AL IO . FERT IR b, A% 12 h JEATHURE, U
BN 3 2 A R T R R 4 ' 2 B R M AE 0.2~0.8 2 1]
3.3.8 44 F K BIREL S

KA ERBAR (% (HPLO) VERIINR B 4EAE R Ko M8 & . 2 mL iR
SR TET S mL MR ES.OF R, 10 000 t/min, B0 S min, K EIERIA
SmL AFREELOE S, A 4 BRTNARGR, R FRMEY 20 min, KEL
B E 30 min, 12 000 r/min B0 5 min, B EIEW, 0.22 um JEAEILE, N
NBERE A . O3S AE N ZEER K 5 um C18 (4.6x250 mm) , ZEEGFIAIE ki 5 5+
AEERIEAW (IECkSRNERL N 2: 1, RN PES & PR
& (FES & F MR 9: 1D, #WiE: 1.0 mL/min, #FEE: 10ul, &
JE: 35°C, FAMGIMIPEAS: 254 nm.
3.3.9 #4 & K FrERZRLLT

FRHEL 0.1 g 1) VKo brifedt, FIRBIAHEZR S 1 mL, ACE R 100 mg/mL 1R
W AFRETERR L EP B, (RIRBEGORAE . K BRBMRE AN IR FE R B2 ¥ VK, ¥
W, I S RO A I AR . AT BFRHETTRE Y Y=14 368x+1 272.3,
R?=0.999 6, R —FZ ALt R R I
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HREDWH
3.4.1 EHEEKRINIDE
R FH I 25 2L 1) 79009, K 3 B AL 0 5 YR BT spizizen fb 22 A A
EIAT R 168 KA IR degU Ja, IRAT T HUlk-FAR It 128 3515 # 44 & #k BCOO
(K 3-1) , FIH cre/loxp KRG EFREMRMBTAERYIME. R EZEM PCR 77
Y B1S B A A B Peracioo-7ap G- Prag-rapG, #5435 41 B bk BCOO HH 75 2 5
B R BCO1 (& 3-2) F1 BC02 (K] 3-3), ERrPiAE R Pt G MRS B Prag-phrG
A0 E H A R AR BCO2 Hh 45 21 H 4 i £k BCO3.

M1 2 3 4

5000bp—s
3000bp—s

K 3-1 BCOO ] PCR %58
Figure 3-1 Identification of recombinant strain BC0O0
M: 5000 bp DNA marker; K& 1, degU [FIVFE; ¥kiE 2, 5RO NE AR
By Wk 3, fERPIMER B VKB 4, degU TR ; VWKIE 5, degU-eGFP-P7C6-degU-R

A B VKiE 6, BCOO i PCR I61iF

K 3-2 BCO1 ff] PCR % %E

Figure 3-2 Identification of recombinant strain BCO1
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M: 5000 bp DNA marker; 3Ki& 1, rapG-L [FIJERE; ¥kiE 2, P7C6 H Bt IkiE 3, B3l
F Pgracroo Fr BYs VKIE 4, rapG [FJFRE ; K& 5, rapG-L-P7C6-Pyacioo-rapG e F Bl ¥KiE 6,

BCO1 B PCR 5k

1500bp—
1000bp_,
750bp —

500bp —

i 3-3 BCO2 ] PCR %5E
Figure 3-3 Identification of recombinant strain BC02
M: 5000 bp DNA marker; ¥Ki& 1, rapG-L [ ; ¥kiE 2, P7C6 HE; ¥kiE 3, JH3)
F Prag Fr BY; VKIE 4, rapG [FIYEE; 3KIE 5, rapG-L-P7C6-Pheg-rapG @lie Fr B ¥KIE 6, BCO2

W PCR 5&1IF

M 1 2 3 4

5000bp —
3000bp —
1500bp—
1000bp _.
750bp

500hp —

K 3-4 BCO3 ) PCR % 5E

Figure3-4 Identification of recombinant strain BC03
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M: 5000 bp DNA marker; ki 1, phrG-L R ; ¥kiE 2, P7C6 HE; ¥kiE 3, JH3l
F Prag F B VKB 4, phrG [BEEE ;. VKB 5, phrG-L-P7C6-Phae-phrG & Fr B VKB 6, BCO3

W PCR 5&1IF

NIGAE rapG phrG M degU F: PR Gk R0 T AR A KOG BRI FE, - FRATT53 701
EAG B 2R HOAT B D RS rapG phrG F degU FR:[H, 155 5 41 % ¥k BLO1, BL02
5 BLO3, BRI LIRS ZEAAT B 168 3L RAUNBA, 3875 2 F B rapG-L
Ml rapG-R, VAFTKL p7C6 Nk, #3845 2R Rt B P7C6, FIFHE S
{1 PCR Coverlop PCR) 515343 B4 v Bt rapG-L-P7C6-rapG-R, iiid spizizen
A EAE N A B 2R AAT B 168 JEIRIZH, A T-Pubk PR 0 i 3145 5520 B #% BLOI1

(K 3-5) , FIHAFRFER A2 BLO2 (K 3-6) 5 BL03 (K 3-7) .

M1 2 3

1500bp —|
1000bp —|
750bp |

K 3-5 BLO1 ] PCR %7€
Figure3-5 Identification of recombinant strain BLO1
M: 5000 bp DNA marker; ¥KiE 1, rapG LUs[FRVEE; Vkid 2, &R B WkiE
3, rapG FIFFVEE; VK& 4, rapG-L-P7C6-rapG-R fli& F B ¥KiE 5, BLO1 ¥ PCR %

ik

M1 2 3 M 4 M 5
5000bp—s
o00n soonmr— g
ey iy

1500bp —.
1000bp —.
T50bp —s

K 3-6 BLO2 [ PCR %5

Figure3-6 Identification of recombinant strain BL02
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M: 5000 bp DNA marker; ¥Ki& 1, phrG LiF[RIVRE; ¥k 2, SERPUEABG UkiE
3, phrG FFFIVERE: Vki& 4, phrG-L-P7C6-phrG-R fl& FrBL; VkiE 5, BLO2 ¥ PCR %

ik

1500bp
1000bp
750bp

500bp

K 3-7 BLO3 ] PCR %7€
Figure3-7 Identification of recombinant strain BLO3
M: 5000 bp DNA marker, ¥Ki& 1, degU Lif[RIVRE; WKiE 2, |ERIUER B WKE
3, degU N [FIVEE; VKB 4, degU-L-P7C6-degU-R @& Fr By ¥KIE 5, BLO3 i PCR 4

ik

N T 5T B RapG PhrG F DegU 2H A 1 1 45 22 40 % 12 1 PR 40 i AE K A MK-7
FEAE R, FRATTE S R B R BT Prae RIB rapG, FR S\ BS168 HE[H]
H, PAFHEE BSO1. AAMHRIESy: DAREROZE AU B 168 ZERI UM, ¥ 815
By B rapG-L rapG-R Fl Ppag, LATURL p7C6 ASAR, 738615 2 A& R Ptk i B
P7C6 , F| A} # S %k ff PCR ( overlop PCR ) ) J7 ¥ 3k 19 & 4 A B
rapG-L-P7C6-Pjag-rapG, It spizizen 1022248 NG FLLEFAT B 168 2 (K 2H 5L [A]
H, PRAT TP AR IR R SR 15 AL B ik BSO1 (B 3-8) , FIH [FIFEIK J57:4E BSO1
[ 2Eal EARIRERAS BSO2 (3-9) 5 BS03 (& 3-10) .

1 234 M 5 M

¥ 3-8 BSO1 fJ PCR % 5&
Figure3-8 Identification of recombinant strain BS01

M: 5000 bp DNA marker; JKi& 1, rapG LiF[RIRE; VkiE 2, S&ERPUEFBG UKiE
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3, Prag: VKIB 4, rapG FVEE: VKIE 5, rapG-L-P7C6-Phug-rapG & FrEL: VkiE 6, BSO1
B PCR $6:1iF

M 1 2 M3 4 5M M 6

s000bp  S000bp—
3000pp 3000bp—

1500bp s
1000bp —

3-9 BS02 [ PCR %%
Figure3-9 Identification of recombinant strain BS02
M: 5000 bp DNA marker; ¥Ki& 1, phrG LiFRIRE; Wk 2, SERPUEABG UkiE
3, Phag: VKIB 4, phrG V5, VK 5, phrG-L-P7C6-Phg-phrG & F B KiE 6, BS02
% PCR 4&1IF

5 M 6 M

5000bp —
1000bp —

5000bp
soomy— R Le . T S Y

1500bp —

1000bp —
750bp —

treeect

500bp —

P 3-10 BS03 ) PCR %3¢
Figure3-10 Identification of recombinant strain BS03

M: 5000 bp DNA marker; ¥Kif 1, degU FiEFRIVEE; Jkid 2, 3, {ERPMEN B WK

B 4, degU T[S, JKIE S5, 6, degU-L-PTC6Pss-degU & FrEL: ¥KiE 6, BS03 il
PCR 4ilE

342 #5%E R K FrErZ a2 Hl

15 FH S RO BRI MK-7 ()77 &, RATRIL, ok R bt il 24 5,
B 7 UBhAH P A kst JeAA Rk, H IR £ 0~100 mg/L K
FEJEHIN, 4R Ko WRE SRR EMEMERLR, HFRFETEN Y=14
368x+1272.3, “HZAILMERRRYL, MHRMERBR>=0.999 6, 7] LAFHELEE
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T
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(b)
K 3-11 MK-7 & &5000r i 1
(@) FrifEShs (b) R

Figure 3-11 The MK-7 HPLC chromatogram

1600000 +
Y = 14368x-+1272.3
1400000 g2 .9996

1200000
1000000
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WETETAR

600000

400000

200000

0

0 10 20 30 40 50 60 70 80 90 100
A R E(mg* L)

K 3-12 4iA4E 3 Ko brifE 2k

Figure 3-12 Standard curve of vitamin K>
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3.4.3 RapG. PhrG #1 DegU #E{ER <RI 1F

NYE RapG X T DegU iEVEMIHIME A, FATH EA B BCOL T AN[FH;
TR NG TR, WEAE IPTG W T, BCOL M AN 9t aR . (]
3-13) , WEfR, EMARREEFRNET, BEE PTG KB MM, A1l
XTI 2 (A A%, XEW, RapG XFT DegU (i VA 5 B & A 1 1

275
——— 0 pmol/L
250 ——— 30 pmol/L
225
200

175 F

Bsof
Kias|

100

I 8] /h

Bl 3-13 ANF IPTG #<JE R BCO1 AHT 5% 560 5 B o [ ) AR Ak e 4%
Figure 3-13 Trend of the relative fluorescence intensity of BCO1 at different IPTG
concentrations with time

NIRAE PhrG AE TS 22 /R RapG Xt T DegU 3% MEMIFMHIE R, 341150 Bk S 4
I £k BC00BCO02 Fl BCO3 & 2| & A IPTG R JE IFh T 15 7R 2 Hp RE 9% 16 h,
52 5 2H B PR AR 6 BB E (FE 3-14) FTLLR B, 7E 16h BIBFR451F R, BCO2
1175 38 B2 AV A BCOO (1) 1/3, 3 RapG AE 8 W] B3| DegU-P [3&ME; 2 #r
BCO3 FI5GHREFRATR LUK L, BCO3 FI5E L5 B AHEL T BCO2 A KR FZ 42
Th, HRIEEAPKE BCOO 565 E . XKW, PhrG GEH52/# RapG X DegU
RHmHIER, EREAINETE2E .

150 -
140
130 -
120
110
100 -
90 -
80
70
60 -
50 |-
40
30 -
20
10 -

AEXE 5 R BE

BC00 BC02 BCO03
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3-14 BC00. BCO02 A1 BCO3 £ 16 h I FIAH T 52 it 5t B2 L A ]
Figure 3-14 The relative fluorescence intensity comparison plots of BC00, BC02 and BC03
at 16 h

3.4.4 rapG\ phrG. degU 3T EHEKAIEN

N T REFFEEORBVRIE R G, JANTHE T RE R G B e 5L R AT e xS
RGN N, A1 R rapG phrG Fl degU, 193 5541 £k BLO1

(BS168-ArapG) « BL02 (BS168-AphrG) 1 BLO3 (BS168-AdegU) , K 3-15

o, B 2H PR A AR AT 52 21 7 — B R B B0 : BLOT A1 BLO2 FYJ £ K ODsoo
PR TR, X ARy PheG TR H)& B FHIBT IS, RapG 32 21 B4
VERI P B B, AR YRR 2052, %) DegU 19yl M R4/ E F th— e iR
HIi . WPk BLO3 M40 S E e —E i E N TR, XA RN degU RHTE
TN RMNRIL . W degU J&, AHRIE R IS5 26|, kg,
2 A A B2 0

[ Bs168

28 l—— BS168-AphrG
| BS168-ArapG
BS168-AdegU

7

0 12 24 36 48 60 72 84 96 108120132144156
IR} 1)/h

& 3-15 BLO1. BLO02 £l BLO3 f{4E Kk

Figure 3-15 Growth trends of BLO1, BL0O2 and BLO3

3.4.5 PhrG-RapG-DegU 1% RSt 3 A LR A K0 MK-7 A4 B952 0

A SCHER, 45 R GeHh G BERE R 1 B e 2o Al i AR A 7 2R — s I RIE
I, N 75T #H RapG+ PhrG 1 DegU 41 A 145 2R G050 1% B AR 4 o A= K AT MK-7
FEAEREE, FRATTE S R B IS BT Prag RIE rapGs FHEB T\ BS168 2 [
M, PFAFEE BSO1. @EiLE 3-16 F13-17 W[ LLER], 5EIHH M BS168 ML,
H AR BSOL (140 i 25 B2 AN MK-7 7= &3 35 G, HL#k BSO1 [ MK-7 7™~
EAUN 12.92 mg/L. XK RapG X404 KA MK-7 (17~ 435 53 ) #i i
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TEFH . TEE AR BSO1 MUZEAlE, FIFIMI LS BT Phag 15 phrG, SFAFEL
IR Ak BS02. HR#E A 3-16, FATTAIL, HH%CT BSO1, BS02 4 i A A 401 15 21
TSGR, BN IR K ODeoo 172 MK-7, #¥%H Pk E 2] BS168 [I7KF,
BS02 ] MK-7 /& R 20.52 mg/L (K] 3-17) , XK, PhrG 1 LLE 73 22 A
RapG MEI1ER . VLBt BSO2 FydEfili, FIFHHBAE )T P Rib degU, K17
HA P BS03. L& 3-16 ATATLULIL, SEEMAHE, HAHAREK BSO3 1
N A B BCRIRE (T . Bk BSO3 7655 6 K MK-7 (& 3-17) K47
BT R AR IE E R, T 31.8%, ik F) 28.18 mg/L. X KB,
PhrG-RapG-DegU 4B N 4% R G0 ] LME N — A0 FFF 0%, I hilAH S RE R 11
PR, DA S0 B 25 FE IR AR AL, T e E bR BRI R R

— BS02
35 |—Bs03

o DOU(I

0 12 24 36 48 60 72 84 96 108120132144 156
I i/h

3-16 BS168. BS01. BS02 #iI BS03 [#4: K3

Figure 3-16 Growth trends of BS168, BS01, BS02 and BS03

I 5 L
28 I 0 v

[
S
T

a
T

MK-77#/(mg/L)
~

S & ®
T T

BS168 BS01 BS02 BS03

3-17 BS168. BS01. BS02 A1 BS03 K%/ K MK-7 P28 %f L

Figure 3-17 MK-7 production of BS168, BS01, BS02 and BS03 on the 6th day
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3.5 KEL

AR A R A 0 1 4 el TR 7 2K, B TE AN BN 200 M A U487 1 000
SR A N AL A . ZEARRL SR FRAF I b, BRI B . EAE
FRAT R FH AR B ZE A AT T A RE A RN P R 45, 4% DegU MR T — A
PhrG-RapG-DegU B AR A RS0, 1% R S0RENS BN S B (AL, ki 3h
DU REER R, RE0 A RER mARNE A P B R ik . BARAR 7T A 2
e

(1) B4, B E ZE AT B RapG. PhrG Al DegU #H H.AE FH 9% RIGAIE,
FERT 2 5 B 45 R B, RapG %G A DegU frIE T4 , X F4 il £ I 4 RapG
[FIVE 4 AME S5 K PheG 224, (B PhrG ¥ A Fpi: 58 2K 2 RapG X DegU (1]
I

(2)  HR, NRIE rapG. phrG M degU Xt T A4 55 25 FAT 1 4 A4 K 5%
Wi, FRATS> AEAS S SEFAT B8 P R rap G phrG R degU, 343 E AT FE BLO1 .
BLO2 H1 BLO3. AL PRIAE K HIZRIRA TR I, BT IRIA L, =PREH E Ik
(A K52 3 — e R B, PR degU Ji, 20 A= KB )41l 85 A
WS, 2 35 52 5 K ODeoo NN R B ) — 21, IXMIEW] T degU FE RIS T4k B 2F
TR B B AR A P B
(3) dJa, FATFERGEZF AT B D42 PhrG-RapG-DegU FEAAR BN 1

BRG, MU THCEERNRIE. EiZRGH, DegU-P 12 3
PhrG-RapG F 4t ¥R, M4 ff0 2% 52 (¥ 20 A P2 A R i A% rh B R R 2« TRk,
PhrG-RapG-DegU #1418 N 145 5 Gt T LA g — A1 82 200 fif 2% 52 () 737 1%, 428
N IEEER I RIE, $Em MK-7 77 &
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F4E BIFSERIFHREESHSAEREFRATES
MK-7 &iE R

4.1 BIE

FERTSC Y, FRATLEAS B 25 AOAT B DA ) — N & T DegU BB (A SRR 1
FERGE, (1540 M BB % 1 BY 2 B 00 Ah Sk YR 4% AH G B R )R IE « DegU {F 5 DNA
di5EH, %5 DNA TN ES G, T2 DegU-DNA —5RAKRI4H, #0
MR R R, T A RN A AR TUR I, ARG L
DegU [¥] DNA 45 & 5 S AR AR [F PO, AHELT DegU B W45 & 3 v) 5 K7 41
(inverted repeat, IR) I, DegU-P ] DNA 454755 £ & HEE R 74 (direct
repeat, DR) , DKL, RAELEEFHIKAE, AFLL B3 137 5E M B0E, 2
A BT IREEERE R, 42 DegU-P 588 TIIE G R0% .

AR gk DA s F) B S, R Bl 7R a3 R AR A A i 10 B A e (17,
FE R Rl B2 AT T (1 B DR Rk R H5E SR . EEA SN, AR
AR SRR AR 10 TR S AR E KR BT DAT AR E R SRR AR A I R 8,
FEAR A, FRA B A A B 2 A 1R S A6 JR B T AT RAR TRk, IR AR B 0% i R
DegU-P [AI BA B = e d ME R B 201 Ps,  F LTS MK-7 & g de h o< f 5k
IR 2RI

fEr B PhrG-RapG-DegU 4% RGEFN R 5T Ps, FRA D AE A B 27 A AT 1 o
PAL T MK-7 (WG B A% 24200 235 FE BRI, 240 i i A QAR 2 32 223 1) 48
FAR A, A7 200 H 25 5 BE A DRUA I s A 2 A B — e AR, R IR R
WO, ®ES AR BN AR, P AR S
B A RIS AL IR B o ACSERGH T — AN A0 5 P i sh A W o,
Ve S A KB A LR, P o 2 IR MR R, AR H AR
AR, S ARSI R A
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42 KM
42.1 EHRS RN
ISR S RIS 3.2.1.
422 LWHMEILE
A AR BN 52 3.2.2,
423 IEFRESHR
SRS B 10 g, BERHERUY 5 g, NaCl10 g, JizKEZF] 1000
mL, i pH 7.0, FEMAEFFIEIIA 20 g BiflE, 121°CKE 20 min.
IPTG /K& : FREL 0.238 g A E-B-D-FRAC-FLHEE (IPTG) ¥R, A
10 mL 25 B /KT8 /0 8, BB K 0.1 mmol/L WK FE[R/K VB, LI .
R KEERAM 50g, Hm 50g, BRHZEY 20 g, Ko:HPO, 3.86
g, KHPOs1.62g, HMI/KEZAEZF] 1000 mL, ¥ pH 7.0, 121°CKE 20 min, {5
AR RE IR N 2 mL SRR I E LR
RZRIBWR: S 324,
43 KWHE
4.3.1 MEFRTFEIELIARRZSHEE
ZH3.3.1.
432 EHERIE

2333,
R 4-1 HIZEFTHK S Yt
Table 4-1 Primes sed in Chapter IV
514 FFol (5°—37)
degU-L-F TATCCGAGGTCAGCCGTAA
degU-L-R CGCTCAAGCCACGCCTCCTT
degU-L-P7C6-F GCGTGGCTTGAGCGGATAACAATTTCACAC
Pgracio0-degU CGCTTACATCATTCTTTTCTACCGTTCGTATAATGTAT

P7C6'R'Pgra0100
GCTATACGAAG

AGCATACATTATACGAACGGTAGAAAAGAATGATGT

P7C6'PgraCIOO'F
AAGCGTGAAA
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Pgracl OO'R'degU

Pgrac 100-d€g U-F

ACAATGTTTACTTTAGTCACGGATCCCACCTCCTTTA

ATTG

GGAGGTGGGATCCGTGACTAAAGTAAACATTGTTAT

TATCGAC
degU-R-R CACTTCACATTCCCGCCTA
degQ-L-F ATTGAAAGCAACAACTGGGACA

deg(Q-L-R-eGFP

degQ-L-eGFP-F

CTTGCTCACCATCGTTTCCACACTCCTTTTTT

GTGTGGAAACGATGGTGAGCAAGGGC

egfp-R-P7C6 CCCGGGTCTTGTACAGCTCGTCCATG
egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCT
PdegQ'eGFP
CAAGTTTCTTTTCCATGTTCAAGCGAAAACATACCA
P7C6-R-degQ
CcC
TGGTATGTTTTCGCTTGAACATGGAAAAGAAACTTG
P7C6-degQ-F
AAGAAGTAAAAC
deg(O-R-R AACGACTCCGAGCGATTA
comK-L-F TTGCCAGCGACGATTCCA
comK-L-R-eGFP CCTTGCTCACCATATTATGGCCTCCATCCTTTTTC
comK-L-eGFP-F ATGGAGGCCATAATATGGTGAGCAAGGGC
egfp-R-P7C6 CCCGGGTCTTGTACAGCTCGTCCATG
Peomx-¢GFP egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCTAG
CGTCTGTTTTCTGACTCATGTTCAAGCGAAAACATA
P7C6-R-comK
CCAC
P7C6-comK-F GTTTTCGCTTGAACATGAGTCAGAAAACAGACGC
comK-R-R ATCTTCGTCCGCTCTTCT
sacB-L-F CTGATTCACCGCAATCTTGT
CCCTTGCTCACCATCGTTCATGTCTCCTTTTTTATGTA
sacB-L-R-eGFP
PsacB'eGFP C

sacB-L-eGFP-F

egfp-R-P7C6

AGACATGAACGATGGTGAGCAAGGGC

CCCGGGTCTTGTACAGCTCGTCCATG
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egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCTAG
TGCAAACTTTTTGATGTTCATGTTCAAGCGAAAACA
P7C6-R-sacB
TACCAC
GGTATGTTTTCGCTTGAACATGAACATCAAAAAGTT
P7C6-sacB-F
TGCAAAACA
sacB-R TCTGCGTAGAATCCTCTGTTT
aprE-L-F CTGCAAGGCTTGAAATAACG

aprE-L-R-eGFP

aprE-L-eGFP-F

CCCTTGCTCACCATTCTTTACCCTCTCCTTTTAAAAA

AATTCAG

GGAGAGGGTAAAGAATGGTGAGCAAGGGC

egfp-R-P7C6 CCCGGGTCTTGTACAGCTCGTCCATG
Pupre-eGFP
egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCTAG
P7C6-R-aprE TTTGCTTCTCACGTTCAAGCGAAAACATACCACC
GTTTTCGCTTGAACGTGAGAAGCAAAAAATTGTGG
P7C6-aprE-F
ATCA
aprE-R GGAGCCATCACATCAAGC
bpr-L-F ATGAACATCACTGGAGGAACA
bpr-L-R-eGFP CCTTGCTCACCATTTTCATCCCCCTTTTTCAACATG
bpr-L-eGFP-F GGGGGATGAAAATGGTGAGCAAGGGC
egfp-R-P7C6 CCCGGGTCTTGTACAGCTCGTCCATG
egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCTAG
Pyp-eGFP
TCGTTTTTTTCCTCATGTTCAAGCGAAAACATACCA
P7C6-R-bpr
CcC
GGTATGTTTTCGCTTGAACATGAGGAAAAAAACGA
P7C6-bpr-F
AAAACAGAC
bpr-R AAATGTCAGCATCAGTGCC
flgB-L-F ATACTGCTTTCCCTGTTGAGA
Pries-eGFP flgB-L-R-eGFP CCTTGCTCACCATATCCACTTACCTCCATTTCAGT

flgB-L-eGFP-F

GGAGGTAAGTGGATATGGTGAGCAAGGGC
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egfp-R-P7C6 CCCGGGTCTTGTACAGCTCGTCCATG
egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCTAG
CCAGAAAATAAGCTCAAGTTCAAGCGAAAACATAC
P7C6-R-flgB
CACC
ATGTTTTCGCTTGAACTTGAGCTTATTTTCTGGAACG
P7C6-flgB-F
ATACAA
flgB-R ATTCATCGCCGTGACATT
sacX-L-F CAGCAATCCGTATCTGCG

sacX-L-R-eGFP

sacX-L-eGFP-F

CTTGCTCACCATGCAATTAAAACCTCCTTTGCTG

GGAGGTTTTAATTGCATGGTGAGCAAGGGC

egfp-R-P7C6 CCCGGGTCTTGTACAGCTCGTCCATG
egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCTAG
Psacx-eGFP
TCTTTTGCAATCTCTTTATGCAAGTTCAAGCGAAAA
P7C6-R-sacX
CATACCAC
GGTATGTTTTCGCTTGAACTTGCATAAAGAGATTGC
P7C6-sacX-F
AAAAGAATT
sacX-R GATAGGACGATGGTGGAGTAG
wapA-L-F TCTTTCTTGTATTCAACTGGGTG
CCCTTGCTCACCATTTCCTCTCTCCTTTTGTAATAAA
wapA-L-R-eGFP
AGTAATATT
wapA-L-eGFP-F AGGAGAGAGGAAATGGTGAGCAAGGGC
egfp-R-P7C6 CCCGGGTCTTGTACAGCTCGTCCATG
Pyaps-eGFP egfp-P7C6-F GAGCTGTACAAGACCCGGGGATCCTCTAG
GCCTCTTTCTTTTTTTCATGTTCAAGCGAAAACATAC
P7C6-R-wapA
CACC
ATGTTTTCGCTTGAACATGAAAAAAAGAAAGAGGC
P7C6-wapA-F
GAAAC
wapA-R TGTCTGACCGTTCAACCTC
Ps-hepS hepS-L-F CGGAGAAGACCCGAATAG
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hepS-L-R-P7C6

hepS-L-P7C6-F

GTTATCCGCTCAAATATCACCCTTGTCCCCAAA

GGGACAAGGGTGATATTTGAGCGGATAACAATTTCA

CACA
CGTTCTTCGGTTACGATATAAATCCACCTATCATACC
P7C6-R-Ps
GTTCGTATA
ACGGTATGATAGGTGGATTTATATCGTAACCGAAGA
P7C6-Ps-F
ACGTT
CCGTAGATGTCTTGCAATCTTTACCCTCTCCTTTTAA
Ps-R-hepS
AAAAATTCAG
Ps-hepS-F GGAGAGGGTAAAGATTGCAAGACATCTACGGAACT
hepS-R-R TGTAGCAAGCGTCCGAAT
hepT-L-F GAACACTTCAACCTCCCG
hepT-L-R-P7C6 CGCTCTTTTCAGGCCCGCCT

hepT-L-P7C6-F

GGGCCTGAAAAGAGCGGATAACAATTTCACACAG

CGTTCTTCGGTTACGATATAAATCCACCTATCATACC

P7C6-R-Ps
GTTCGTATA
ACGGTATGATAGGTGGATTTATATCGTAACCGAAGA
Ps-hepT P7C6-Ps-F
ACGTT
CGCCAGTAAACGAATGATATTTAACATTCTTTACCCT
P-R-hepT
CTCCTTTTAAAAAAATTCAGA
AGGAGAGGGTAAAGAATGTTAAATATCATTCGTTTA
P-hepT-F
CTGGCG
hepT-R-R TGGGCTTTCGGTTCGTTAA
ispH-L-F GCGAGGACCTTCATTTGG
ispH-L-R-P7C6 TGTTATCCGCTCTTTCGGTTGTCCTCCAATACT
ispH-L-P7C6-F AGGACAACCGAAAGAGCGGATAACAATTTCACAC
Ps-ispH
CGTTCTTCGGTTACGATATAAATCCACCTATCATACC
P7C6-R-Ps
GTTCGTATA
P7C6-Ps-F ACGGTATGATAGGTGGATTTATATCGTAACCGAAGA
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ACGTT
CGGTGAAATTTTAATTACGTCCATTCTTTACCCTCTC
Ps-R-ispH
CTTTTAAAAAAATTCA
AAAGGAGAGGGTAAAGAATGGACGTAATTAAAATT
Ps-ispH-F
TCACCG
ispH-R-R CACTTGAGTAGCGAGGC
ispG-L-F AGCATCAATAGATGTTGCACTC
ispG-L-R-P7C6 ATCCGCTCTCGCTCCTTAATTGTAGTTGCC
ispG-L-P7C6-F AGGAGCGAGAGCGGATAACAATTTCACACAG
ATTTCACTCACTTGCAAGTGTACATTCCTCTCTTACC
Py-ispG P7C6-R-ispG
TATAATGG
GTAAGAGAGGAATGTACACTTGCAAGTGAGTGAAA
P7C6-ispG-F
TCACAC
ispG-R TAGTCAAACGCTTTCGCTG

R 42 VYT P RS TR

Table 4-2 Strains and plasmids sed in Chapter IV

e RFHE P S
B. subtilis 168 S = AT
BNO00 BS168 fiTEH K, Pgracioo-degU PN
BNO1 BS168 T4, Pgacioo-degU, C'-Paego-eGFP PN
BN02 BS168 fiTA K, Pgraci00-degU, Cun™Pcomk-eGFP EN
BNO03 BS168 T4 #K, Pgracio0-degU, Cun'-Psac-¢GFP PN
BN04 BS168 fiTA kK, Pgraci00-degU, Cun™Papre-eGFP EN
BNO5 BS168 AT LTI, Pgacioo-degU, Cu-Pyp-eGFP PN
BNO06 BS168 fiTA K, Peraci00-degU, Cr'-Pjig5-eGFP EN
BNO07 BS168 T4 #K, Pgracio0-degU, Cun'-Psacx-e GFP PN
BN0S BS168 fiTA B #K, Pgrac100-degU, Cin™Pyyaps-e GFP PN
BN09 BS168 ATAEE K, Pgacioo-degU, Cu'-P1-eGFP PN
BN10 BS168 T4 K, Pgracioo-degU, Cu'-P2-eGFP PN
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BN11 BS168 fiT4 Bk, Peraci00-degU, C'-P3-eGFP EN
BNI12 BS168 T4 K, Pgracioo-degU, Cu'-P4-eGFP PN
BN13 BS168 T4 K, Paraci00-degU, C' -Ps-eGFP EN
BN14 BS168 AT ETHE K, Pgacioo-degU, Cn -Ps-¢GFP PN
BN15 BS168 T4 K, Paraci00-degU, C' -P7-eGFP EN
BN16 BS168 AT ETE K, Pgacioo-degU, Cn -Pg-¢GFP PN
BSO1 BS168 ATAETEE, Prag-rapG A E
BS02 BS168 fiT4E kK, Prag-rapG, Prag-phrG PN
BS03 BS168 fT4H#K, Prag-rapG, Prag-phrG, Pas-degU PN
BS04 BS168 fiT24EH KK, Phag-rapG, Phag-phrG, Pas-degU, Ps-hepS PN
BS168 fTEEME, Phag-rap G, Phag-phrG, Pas-degU, Ps-hepsS,
BS05 EN
Ps-hepT
BS168 fTAEEME, Phag-rap G, Phag-phrG, Pas-degU, Ps-hepsS,
BS06 EN
Ps-hepT, Cn'-Ps-ispH
pHT-XCR6  Amp, Cm, 5 Pgracioo SIS = A
pDG-Cre Amp, Km, E.coli-B.subtilis FHREBM, A F Py 1BHIM cre  EIE AT
p7C6 PmdI8-T % lox71-zeo-lox66 FE% S A AF
eGFP 0,5 8 i PR S (0 R 2 S A A7
433 [BERMMERER
ZH 334,

43.4 BENTFXERME

Xt degU Lt Bt (degU-L) « fEH=PUEF B (Co-)  IPTG HFAA
ZT Peracioo Fl degU 3[R i B EAT To e 44K Bl &, 3715 degU-L-C'Peraci00-degU
FB WG F BS168 BRAH |, 53R BNOO. I8 4 1538 5 4 43 05
Pr2EIER (eGFP) , FIH eGFP Bt B. subtilis 168 JEKZH 1 1) 8 AN R U6 )5 3l
T (Paego~ Peomk~ Psachs Papres Poprs Prigss Poacx Al Pyapa) ¥ 5 H b5 F B Px-eGFP,
W M ZE (1K) H 5 Fr BX Px-eGFP 5 A% BNOO H1, 437375 # ¥k BNO1-BNOS, it
R DU Rh IR ) 2GR T 5 B, AR S 46 J5 Bl IR A O e o L
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4.3.5 eGFP 525 B E TSR 4R /B oh F I TF L

TR E TR AR S B AR R ST, K E A A M BNOL-BNOS HLT
VRFEREE| LB K5 7R3k, 1F 37 °C. 220 rpm 4 NH59% 16 ho BN IPTG 11
WL, AN AN R R IS GRE  H 22 Tl RERG B ASORS: I 20 B 10 D' 2 B2 A 51 ik
FE: TEBUR KN 490 nm, KA 530 nm, 3509 60 FIZAET, R4
M52 6ERAE . 1E 600 nm K T RIMZANMIKDCE . AT RV B T AR X %
KSR, PATVE TR DG nREE (4 M 5 i A I R D SRR S B
TR AE 7 SR iR B
4.3.6 BahFHIRETRE

¥ b — 2D ik SR AT 1) 52 DegU-P IE [ 4% B J5 81§ Paego 11-35 X F1-10 [X
HEENLRAL Aot of oM I —BORM T4, i SR A F sigma K 15T
AL E, 3R1F 8 DA KA 3T Pi-Pso ¥ H 5 Fr Bt Px-eGFP 5 A\ BNOO U, Paego
32k BNO9-BN16, A A5~V H A 2 Dt 0

* 4-3 oM, oB MlloH [l — LR B FF 51

Table 4-3 Consensus recognition sequences of 6*, 6B, and o'

a2l
o’ -TTGACA (-35") -N14-TGNTATAAT (-10*) -
oB -AGGTTT (-35") -N17-GGGTAT (-10") -
ot -AGGAATT (-35") -N14-CGAAT (-10") -

437 WEFBITE MK-7 §RIEREPAEERNFTILBE

AHIF TR FH o 5% oo ME B SEOUAH DB R AE DS, 1, i B SRR 0 R 7
|\ lox71-zeo-lox66 HF5JH 5T Ps HIFF5IA H AR K 7 BEAT 4G . 2k AN
& LA G Fr BORERR, 819 3] H b v B 4 B bs v BOREG 3 B AR LRI 4H T
F Ps B X ispH F1 hepS/T WIJEIA R ZN T, I8P PRI BH M B &, I3 e zh
J&i » FH Cre/loxP Z2 40 7H bR BHVE W AR U901 , BRZAE 50 °C R 1557 12 h, THER PDG148
JRR o
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4.3.8 EMAEEE K MK-7

26 3.3.6,
4.3.9 BEIHREKIILZAINIE

ZH 3.3.7,
43.10 HEE KRB SEN

ZHH 3.3.8,
43.11 #E5% F Kotz aI 24

ZHH 3.3.9,
44 BRESH
4.4.1 #EF DegU-P BAIENBITFXE
4.4.1.1 RI8BNTFHHEXEARE D
4.4.1.1.1 EHREIE

A3 3 E 2 Bk BNOO, FATLAFURL pHT-XCR6 MR, 315 35 2h T
Puacion, 5 degU e [RIEE « @B RPN BE degU Fr B 515 2 E 4H Fv B
degU-L-P7C6-Pgracio0-degU, BE IEHE Bt UK IS e P js - (] 4-1) , FI A spizizen
AR A B A BIRE B2 AT B, R AR AR 28 S84 B 1 s
HMIHT Cre JiUkE 2 B 505 2 DU 5 3R15 3. 2H B Ak BNOO.

1234 M 5

=)

5000bp—
3000bp_»

5000bp —
3000bp _,
2000bp —
1500bp —
1000bp —
750bp —
500bp —
250bp —s
100bp —

BRIy =

4 4-1 BNOO (] PCR %:5E
Figure 4-1 Identification of recombinant strain BNOO
M: 5000 bp DNA marker; ¥KiE 1, degU Lif[RIVRE; WkiE 2, |ERIUER B WKiE
3, Paacioos VKIE 4, degU FUFIFIVERE: ¥Kil 5, degU-L-PTC6-Pyracioo-degU Bl B kil

6, BNOO B PCR ilE
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75 E 2 R R BNOO 1564tk b, FRATIFI A BS168 4k PR 2 AR 3 1 15 3]
degQ-L M degQ, FH FUKL p7C6 AR Y 1153 2| HE RPN B, HH eGFP
KGR A5 21 s A 2R O EHRAE, P EZ LA PCR HITTVEIRAF Rl & Fr B
degQ-L-eGFP-P7C6-degQ (& 4-2) , | B E e e v vk 56 F 5 2 46 21 BNOO
SR YU PR IR A B M e b, @3 R PCR SR IE BT J5 3R 45 H 2H 1
Bk BNOL, JSHs % (5 RN R BT Paego J5 o F R AR F) (1 75 V244 4 1,5
PN A ENF Peomks Psacss Paprin Poprs Prgn Poacx F Pugpa JG THI, 53 5l 343
YH Bk BN02-BNO8 (] 4-3 2K 4-5) o 7EIAIE Popr Prigns Poacx F1 Pruapa JEi THI A2
B RRINIE NGO %E, AR Y 1 P-eGFP SR FIWi .

1 2 3 4 M 5 M 6 M

OSSR, s000bp 5000bp— MR
e 3000bp  3000p . SRR —

¥l 4-2 BNOI f¥] PCR % 5E
Figure 4-2 Identification of recombinant strain BNO1
M: 5000 bp DNA marker; ¥KiE 1, degQ LiF[FIVRE; JKIE 2, ZREGHREE; WKIE 3,
FRPUER B WKIE 4, degQ [RVEE : VWKIE 5, degQ-L-eGFP-P7C6-degQ filify Jr Br: WKl
6, BNO1 B PCR % Joiif Jy B

M1 2 3 4 M 5 M 6

5000bp—

s000np > [ 3000bp—> [ R

3000bp —> fymed \-

500bp — L

il 4-3 BNO2 ] PCR % 5E
Figure 4-3 Identification of recombinant strain BNO1
M: 5000 bp DNA marker; JKi& 1, comK FJ5[RIVEE; ¥KiE 2, S0 6hr%s; ¥KiE 3
ABERYMER B VKB 4, comK FIEE; kil 5, comK-L-eGFP-P7C6-comK filiéy Bt Uk

i 6, BNO2 Hk PCR %58 5k B
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4-4 BNO3. BNO04 [f] PCR %5
Figure 4-4 Identification of recombinant strain BNO3 and BN04
M: 5000 bp DNA marker; ¥Ki& 1, scaB EJif[EIVERE; Wi 2, SHO5OGRES; WKiE 3
KERPMERBG VKB 4, scaB [F)JRE; VKIE S, aprE LUFRVERE; WKIE 6, SR EHREZS
WKIE 7, FERPMER B WKE 8, aprE FEE; ¥KIE 9, scaB-L-eGFP-P7C6-scaB flé Fr
Bt; VKIE 10, BNO3 B PCR €S UEFrBy: UKi& 11, aprE-L-eGFP-P7C6-aprE filiéy Jv Bt

VKIE 12, BNO4 ¥R PCR % 2 WiF i B

1234567 80910111213141516M 17 18 19 20 M M 21222324

/K 4-5 BNOS. BN06. BNO7 i1 BNO8 [¥] PCR %5

Figure 4-5 Identification of recombinant strain BNO5. BN06. BN07 and BNO8
M: 5000 bp DNA marker; JKi& 1, bpr FUFFIVEE; Wi 2, ZRERNEHRE; PKiE 3
AERPUEBL WO 4, bpr FIJRE, WKIE 5, flgB LIFFVEE; K8 6, S5k,
vkiE 7, FERPUERBG WKE 8, flgB FURE; WKE 9, sacX LiF[EVRE; WkE 10, 2Rt
WIHREE; PKIE 11, EERPUMERABG VKB 12, sacX FIURE; JKIE 13, wapd 5 RIVRE
VKIE 14, SREOUOGIRES: TKiE 15, RERDUE B UKE 16, wapd [FIJEE; ¥KIE 17,
bpr-L-eGFP-P7C6-bpr fil & BL; ¥KIE 18, flgB-L-eGFP-P7C6-flgB flié A B; ¥ki& 19,
sacX-L-eGFP-P7C6-sacX fli& i Bt; ¥Kif 20, wapA-L-eGFP-P7C6-wapA flér Fi By, ¥kil 21,
BNOS5 B PCR 51E F BL bpr-L-eGFP; ¥kIE 22, BNO06 B PCR IG1E F B flgB-L-eGFP; ik
i 23, BNO7 i PCR %ilE Fr BY sacX-L-eGFP; kil 24, BNOS &k PCR UilF A Bt

wapA-L-eGFP
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44.1.12 [RIGEENFRIRAIBE LR

ACBEIR R 3 F M om B 22 5, FRATH F2H B Bk BNO1-BNOS #5703 &
A IPTG ) LB Wik 7%, 37°C, 220 rpm 514 R 537 16 ho @ #rfh 7
WA DS EnR s, AR, fEMFEMREIRFEM T, ARG S 3T 1 S0
YRR (4-6) « Horlr, degQ JA 3T MM 4% 53R BE B 1, comK  sacB- aprE-«
bpr flgB~ sacX 1 wapA (1] J3 3+ BFIAERS 3 3 B FEAUN Paego B 70%-~ 39% - 69%-
27%- 30%- 21%AH01 37%, [Fk, FRATESE Pacgo 1E 5 S0 FLI H AR JE 3T

0 50 100 150 200 250
HIR BRI

Kl 4-6 JR4A 5 87 AR 2t R UL
Figure 4-6 Comparison of relative fluorescence intensity of the original promoters

4.4.12 BEIFHIRESH
44121 EHBHTFHIMEE

N HAFEERIE T, ARG R EN T Paego [19-35 X H-10 X FEAT
. ASEME R BINE R, BATRABIEG R (K 4-7) o BATHE Pacgo 73
NWERGy, FEEB AR, 5408 Po, JaFEE B FENNE G G 5 Pofil &
RAFH BT

l

K 4-7 FBEERBA R

Figure 4-7 Synthesis of the fragmented genes
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JRENT PLAT Py IR IE IS REUN A 4-8 P, gl PRSI R )1 P A Py
5 Po IR G HEBEI UK LRI, Pl P B EE T Po, M LEXS S, SR BT

MG R . KA R T SRR EA G831 Ps-Ps (B 4-9) .
1 M 2 M3 M456

St
—
—
—
-
-
-

Kl 4-8 Py Al P> 143G 1d #2 PCR 455E
Figure 4-8 Identification of P; and P; structural processes
M: 5000 bp DNA marker; JKi& 1, JE3h¥ P RAEXIH; ¥KiE 2, JA3IT P RAE X
VKB 3, Po B ¥KIE 4, JRENT Pis ¥KIE 5, JRZNT Py JKIE 6, Po i EX

12 345 6M7 M 8 910111213 14

+—1000bp 1000bp—
750bp —|
“750bp

1]

P OReees

“—250bp

“—100bp

K1 4-9 Ps. P4v PS5, Po. Prv Ps 43I PCR %55
Figure 4-9 Identification of Ps. P4« P5. Ps. P;and Ps structural processes
M: 5000 bp DNA marker; JKi& 1, JEZIT Ps RAZXIE: JKiE 2, H3IT Py RAXIE;
VKB 3, HBNT PsRARXML: WKE 4, JBENT P RAEX I JKiE S, JAE)T Py AKX,
VKIE 6, JHBNT Py RALXIE: VKIE 7, Po B VKIE 8, JHBNT Pss WK 9, JHENT Pas VK
i 10, JA30T Ps; JKIE 11, JHBNT Pe; JKIE 12, BT Py JKIE 13, JHBNT Ps: UKIE 14,
Po FrBt
44122 BEHEFHERBESH
REXF BS168 w5 83 i ik, JAT1ERTG 1 %2 DegU-P TR e #
HIR BN T Pacgoo N T M BERFG RSN T, LA @B € B Sl % 1Y)
T2, B BFRE 81T Paego H1-35 XAI-10 IR Nor. of Mo G40 .
Fk, KX R 307 1% E XIRAR B DR, BLiR & DegU-P 45 GG, MM
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PFEEIER RN T BATKEE BT Pacgo 11-35 XFI-10 KIRA Aor. of FlsH,
FFEBNT Piv PaFI Py (P AN EHT, PEESMEEET, PBaY
MM EET) (K 4-100 o BN FACE T (8 410 , ATLURIL,
ZRERIE RN P>P>Ps. JHE) Tl 5 RNA RE ML & R FATERDS, —
KB, B sigma [N AT RESE AF MO B 5 374 RNA ARG, BAHE
B R SETE s RN, & 24 sigma PRT 1A 3l 7t mT REXT 6 25 R85 LA it
itk 9 7RIS ERIEEN T, 1E Pago IIFEA B, % 1S3 3T Pa-Ps,
Hrp Py &M Hich MG EST, Ps ol Flo® L& 5T, PolEo® floh 1)
GEXRT, PR, AN NS ST, Pyl o Mo Mg &y (H
H1 P75 Py oA RlcB A B « B 4-11 FIAISTHE SRR AT iBom, Ps B
VA T HARR 201, 10 Pe VS PR AR o 38 I XS B F Pacgo HHATIE M LI
BARAG T — AR ANFE R ST 2.2 S EA RS T Ps, IR HAEN G
I A ESEAT . BRI TZONZTRT IR 4-4.

|| o*Binding Site
. o8 Binding Site

. ot Binding Site

K 4-10 EHES TR RERE

Figure 4-10 Schematic diagram of the reorganized promoter structure

" degQ PI P2 P3 P4 P5 P6 P7 P8

B 4-11 E4LR 301 10 (1 S m B b
Figure 4-11 The transcription intensity of the recombinant promoter relative to the original

promoter Pueqo
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ORI, B sigma K7 R]RESE A LA B R 2 74 RNA KA R,
HA S anm 1 [N, &6 24 sigma K505 855t AT g &% 57045 A
ARERITIE. 2R, B A R 3 T AR 9O R, BATTR BB Z 1
sigma [K 545 6 (6 /U BEIF AN B2 RESR iRy 5 31 1 I o L, IXw] AT LA B A«

(1) B2 PR35 N 74 S AL a8in 7 B4R 3 TR g, S EUL iR
FEREAG: (20 MRS TEMRRKE, FHRAEJSE, FBREREE: (3) B
T EEZA sigma Z5E AL, Nl sigma K545 G AT AE 3 LT sigma
THGEREE, I B E PR,

R 4-4 EHRHTIZOKETRTS

Table 4-4 The nucleotide sequences of the recombinant promoter core

B3+ B (5'—3Y)
Pa -TTGACATTTTATTGCATTTATGTTATAAT-
Py -AGGTTTATTTAGGCTTGATTTTAGGGTAT-
Py - TTTATGTCTATTTA
Pan -AGGTTTCTATTT TTTAGGGTATTTTA
Pha - TTGACATCTATTTA TTGATATAAT-
Psa -AGGTTTTTGACATGATCTATTTAGGGTATTATAAT-
Phas - TGACAAAGGTTTTA TTTTATAATAAGGGTAT-
Phsa ATTTAGGTTTAAAT TGACATTTGGGTATTCTATTTATATAAT-

T ot of MlcH BN —FUF SIS (. LRIt RoR
4.4.13 EHBET Ps WIBELIE

AT BAEA VR EE ¥ DegU-P EF T, BAREZNT Ps (MPERISREEZE 5, 3147
WS T AR GRBE M ZE 5, FEAMHT T AR S A B B B[R] 1984k T IPTG 5
FHE BT Pgracioo W% degU HIRIE G, 1B IIAAFREE K] IPTG K degU
MIRIEBRE . N 4-12 B, £ 0-16 h JuFEIN, BEEREREM, BT Psi
FE 2 ok BE BT N, Ui B DegU-P vf LA RO S 8 7 (5% . TR, B
& IPTG WREEIREIN, Fh-F3 AR 28 6o B iz drsg i (18 4-13) , RUBEE
DegU-P W EEIIIG AN, 5 H AR 5 205 560 PR A R #20E F 102 5 o
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AHXT SR E
=)
g

I8} [i]/h

B 4-12 A3 Ps IS 2 3 JRE Bl I 1) A2 {35

Figure 4-12 Trend of the relative fluorescence intensity of the promoter Ps over time

800 -
700
600 -

% 500

R

& 400

®

Z 300
200

100

10 20 30
IPTGH JE/uM

K 4-13 JHB0T Ps BN SOG IR RE IPTG WK AL &%
Figure 4-13 Trend of the relative fluorescence intensity of promoter Ps with IPTG
concentration
442 HMEFRTFEF MK-7 kB ESH

REELSFFRAF TR 168 VRN MUY I 2 [RPR L bR, A R R, ZrilbRe oo, K
BEP= W — SR A, & MK-T REERIU S Btk . IBRDIEEIE 4-14 BRIz I 2k, F-ATTK
PLBEHE K I R AR 8E 0, MK-7 RSB — @ A R A R L I0IR B, 4
MAKZEE, MK-7 S BMEASNIN. /5, BE KB AN, KERH MK-7
s E AR RT . RGN, MK-7 K& EZEhE TAE .

A AR K AR E R A — UV B I B, 2 RE A8 s ROR A P (R BR R, M A Y
PEARAR R R AR R A, AR A2 B, AR IR F B T R B, " a
BN . I S SR AR TR A R 2, FRATRT DUAEL, Bl R B R RO, Kk
WA ) MK-7 F 75 5 4 25 R A AE B0 1N, JHe o ANER = IR 2158 DU K F) 189 e 32
Ky FEFENRIBBIRA . UAMERIAT] 30 A4, dIR%EREGETRe, Ry
m, [FIES R R R MK-7 17~ S A BEEAE, 5% 21 mg/L (Kl 4-14)
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[l Fermentation superntant 132
224 T
Il cell precipitate 430
21— opeoo 128
5184 126
) 124
E 161 22
S 5] 3
e 16 5
i
5 84
X 110
= 6 Js
44 46
14
21 ]2
0+ 0
0 12 24 36 48 60 72 84 96 108 120 132 144

Fermentation time(h)

Kl 4-14 REEZFAFT R 168 B #IZ 5 MK-7 A& S
Figure 4-14 Fermentation curves of Bacillus subtilis 168 and biosynthetic pathway of MK-7
4.4.3 HEFBITES MK-7 & RIREHEISIEE
4.4.3.1 EHEHRRIIDE
R R E AR 775, g EAH Rk BS04. Mg 4-15 Fros, fife
BT hepS WA Z RN EHFENT Ps RIS FIH cre/loxP ZREHE RIS,
FIH RIRE I 7K 3R 13 2 B ik BSOS (K 4-16) F1BS06 (& 4-17)

M 1 2 3 4

1500bp
1000bp _,
750hp —»
500bp —

4 4-15 BSO04 [¥] PCR % &
Figure 4-15 Identification of recombinant strain BS04
M: 5000 bp DNA marker; JKI& 1, hepS Fif[RIURE; JKiE 2, &8 mPitE B WKiE 3,
JABhT Ps; ¥KIE 4, hepS AV, VKl 5, hepS-L-P7C6-Ps-hepS Rili& FrB: ¥kid 6, BS04
B PCR %578 ;

1500bp —

e L L

1000bp—
750bp—

500bp—s

250bp—|

4-16 BSO5 1] PCR %58

Figure 4-16 Identification of recombinant strain BS05
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M: 5000 bp DNA marker; ¥Ki& 1, hepT FiF[RIURE; Vkid 2, |ERPUEFBG UkiE
3, BT Ps; VKiE 4, hepT [ERE; JKiE 5, hepT-L-P7C6-Ps-hepT fh& Fr B ¥kiE 6, BSOS

B PCR %5

M1 2 3 4

-

e

1500bp — -
1000bp — —
750bp — -

e -

500bp —s p—

4 4-17 BS06 [¥] PCR %5 5E
Figure 4-17 Identification of recombinant strain BS06
M: 5000 bp DNA marker; ¥Ki& 1, ispH FIEFRIVEE ; JkiE 2, &8 mPitE B IKiE 3,
JRET Ps; VKIE 4, ispH [FVEE; WKIE 5, ispH-L-P7C6-Ps-ispH Bl & B ¥KiE 6, BS06

Wi PCR £

rapG
BSO1 /F=:>ﬂ/
rapG phrG
R e s P )

Phug leg
rapG phrG degU
BS03 /Aﬁ:“>_=:“>_// t 'l: 77
Phag Pag Py
rapG phrG degU hepS
_— /A::>—=:>—//—ﬁ:>;//—=:>;//
Pie s Pha o 43 B
hag  yapG ¢ phrG deglU ’ hepS
BSOS //L';:, >_=:‘ >—//—ﬁ:"> //“,;:I —
Prg hepT hag b Ps
: 7
Ps  rapG phrG degU : hepS
BS06 Y 7/ [ % 7/
Phag Pog Pas Bs
hepT ispH
) a—)
P Ps

P 4-18 L4 Bk A ik PR 7Y

Figure 4-18 Genotypes of the recombinant strains

4.4.3.2 ispG FHTFEEE KA M
MK-7 HEFEEZEER IR AN S I M B . 2 4-19 o, fERG S 2E fOAF i
L SR N S Bl T MEP IR A, 4-FR2E-3-F I TR -2- REIR A
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(IspG) #& MEP I&4% 1 (1 OG5, Ak A BE JRiE = WE3F %R (MECPP) &k
1-$23E-0-FJE2- T M5 dE-4- i (HMBPP) , ispG I S8R G4
HRGEAER . ZAN KR TR A TR SZ PR, AF A R A EE 1
FCEIRAEAT, T 7 MK-7 BE& . FRATIE IS RIE ispG KA M HXT
YRR AE KRR, RIS AL BS168-ispG::Pss (& 4-20) . @it & 4-21 A7 LA
KB, HET FAEEK, BS168-ispG::Pas FIANIAE K Z R ™ EAH], XiE—PHE
ST ispG RIB RIS AT TR E R EER, SRR KRy,
A0 M AR o BRI, AT A5 BRI A A S R A~ 167 20 L A A =4 A s T 1)
KA, [EHPA KA, [F] AT DL G M b i A0 e 1 2R 7

IspG IspH
MECPP —2~ 5> HMBPP ——> PP
IspH
HepS/HepT
DMAPP —PA FPP — P, HpP

& 4-19 MEP &%
Figure 4-19 MEP Pathway

M 5

M1 2 3 M4
2000b S?
3000h T
1500bp L -
1000bp
750bp
500bp

] 4-20 BS168-ispG::Pa3 ] PCR %5

Figure 4-20 Identification of recombinant strain BS168-ispG::Pa3
M: 5000 bp DNA marker; JKi& 1, ispG Lif[FVRE; JkiE 2, P7C6; JKIE 3, ispG;

VKI& 4, ispG-L-P7C6P43-ispG fil& JrBt; VKiE 5, BS168-ispG::Pas WK PCR Jaiik

TERATZ A0 TAE A, FA TR Ik BS168-AispG Toizsdid iF 4 [ TC 44 #4F
FORRKLI, MR ispG M E AR IGEIER A K. XA HEZ R [spG AL
E 2 TR 200 it B F 2 i b A S LR U0, i HAE BRA B I R IB =T 2 Ok
SEIL DA IE W RIAH R . T ispG A 2 o 2 BT 1) P, A2 S B i A, 2
SEACHEI, XA BERE ispG AR J5 40 B AN BE IR AFTE K SR R 22—
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[— BS168
—— BS168-ispG::P43

0
0 12 24 36 48 60 72 84 96 108 120 132 144 156
J I )/

4-21 BS168 1 BS168-ispG::Pas K I 72 H 1 40 ffg A= 4 i 25

Figure 4-21 Cell growth curve during the fermentation of BS168 and BS168-ispG::Pa3

4433 EHRBT Ps ALUBEHESFRTE MK-7 &R E P X BERMRIL

MK-7 HIZEEEA A I IR R i, Forh 22 B3 hiEd MK @ ie & i, 5k
I B I S R T B RR AR ) U AR AT MEP i@ 1R & . HorP, MEP 1%

REfL P A4 PP IAEMD A IR 1EI0Y, TPP X F MK-7 & A S EE, AR,

TRAE AL AN B 0 o () AU R R T B R (DMAPP) Al 1-

PRI 2-HIRE2- T 3E-4- R (HMBPP) , XA KA HREIER, & EE
M 20 6, (LI 7 42 0 %o S5 I s DM ) P A AN R 2D 9 o TSI S 56 L 28 E
W, ispG HEFIL$Em HMBPP AP & e, J8/b 1 A i8R, 4 i A K,
R PSR TVEMR IR B A A K FRIER, I0VE MR et i A K
A= i T8 ) & o R, ATRGEE T — A g FE 45 i shas 4 o i
KA AR SAC Y AP 1, T AR, SR A A AR 15 il TRV
T JE o

£ MEP &4, ThialfRi 74 HMBPP f] LL{E IspH [1EH T & % DMAPP
AMUIPP, 1 IPP HYBER f& MK-7 = RE R R 3R . ispG HIRIBIR A 5 51k
HMBPP AR R, & A ki, $iFEanA, ispH WZIAT] LAGERE 1spG
SHERIRIER, RIE ispH v LLHFR IspG X4 A 85 1 X2, 8% HMBPP
(AR B3 I SR R o S R A N RE HDP & I $5 ) — 25 2 1E HepS/T 4ifid
Y B A i IR B A R (AL FPP 5 e

PRIt , FRATTHE 25 2H 1R Pk BSO3 [ 5=t b, R FH B 40 J3 3l Ps 33K ispH 1 hepS/T,
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ARAT HH PR BS06, {1540 5< K A 204 52 2 40 i & P iR 1% . i 4-22 o,
HZH R PR BS06 £ 250 mL [F4ETE Geiff H 1 5 R 77 308 102.47 mg/L, 1275 T 5
Pro [N, BRRBEERAIFERIES] 3.573 (B 4-23) , ELRBEREH 520 %. {475
TERAZ, BS06 MR KM% B2 5 bR AE A B AR, PSRRI A K&
FWAEE AL (B 4-24) , FRUIFRAT OGS R0 B I A K A fE, (RIS
IEM 7 FIFH PhrG-RapG-DegU T J I8 1 45 28 46 1A 2 Al 55 28 F A 1 A S 2 I 1
RiE, SCILE MR R AT

120 4

N
1101 oy i
100
90
3 804
2 80
E 701
60
H
5 50
£ 404
30
20
104
0
BS168 BS06

K 4-22 BS168 1 BS0O6 MK-7 =& X%} bt

Figure 4-22 Production of BS168 and BS06 after 6 days of fermentation

4.0
3.57325

MK-7 7= &/0Dy,
=opN e w
i =] wn < wn

>
T

0.69633

S
n

e
=

BS168 BS06

& 4-23 BS168 il BS06 4 il 15 % %} bt

Figure 4-23 Yield (MK-7 prouuction/ODsoo) of BS168 and BS06 after 6 days of fermentation
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BS168
30 F BS06

0 12 24 36 48 60 72 84 96 108120132144156
I} i) /h

Pl 4-24 BS168 1 BS06 £ K 2k
Figure 4-24 Growth trends of BS168 and BS06 after 6 days of fermentation
4.5 REEING
RUSCH, I8 X AN, RS e F (PhrG-RapG) Al iR (DegU-P)
(¥ Zh B 56 UE AR ELAT F OC R I0E, FAT I ERS B2 A B kit 7 — A Re gk
R ML ) 845 1R 77 &% PhrG-RapG-DegU, 4N AEYS I A4 % [ A2 10 5F
AT DG BE R ) 38 o AEAS B oy, JRATTR A B0 2 FRU A B S5 6 J3 3 1 iR AT R i e
R RENE W S DegU-P H BAT B e s i VE R J3 81 Ps, FH LAV TS ispH 1 hepsS/T
ik, sk A B AR T A AR K= A R AR, AR — Mk
MK-7 BB . HARBE N AT
() B2, BAFIH IPTG 52 M R 30T Paracioo 1% degU KL, KIS
A BS168 H1, 345 F Pk BNOO, i AMEZR N IPTG K & B DegU-P ¥ J5 ) 22

=N

FF o
(2) Hk, 1€ BNOO fFEal I, % @x%ﬁﬁﬁkﬁﬁﬁm¥P@@Rmb
Psacs~ PaprE\ Pbpr\ PﬂgB\ Psac)(;r:ljl PwapA}: XJD%*‘#%HQE/]*HXTKJ%BIE}__’ UFﬁ

16 IRAFAE Xof 2 53 5 JEE de v () SR A6 3 BT Paegoo

(3) TR, KHE BT Pacgo MG B LT HIHHTHINL A, K45 8 NHA N
[F) e SR fE B S 81 Pi-Ps, H B 81 Ps 9B R JE BT Paego 1 2.2 1,
FI T G 8 R R Rk

(4) feJa, FIHELE )T Ps I LAEF R B 24T B MK-7 & g A8 o oG
B[ ispH F1 hepS/T (R IE, WA EH —k MK-7 &7 Eik, £ 250 mL
HEFIE A 1) MK-7 & 8k F 102.47 mg/L, =2 JRE K 4.9 £%.
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(1) 8547 DegU MAME RS, FAWILHEN, DegU & HANELESE
FHE, BT SRKYEIRIEEE . DegU £ /2 HHAE SRR AT LuxR SRR TE-H fi
WA 225 W B AL P ) T S 1 TR o FE FUE S 2 X 31 56 aa A B LR &R BT
SEO AL, RN 2, R IR 5, DRI ERA T %47 B 2 DegU
A ThRE R S A2 67 5 DegU 2 A 1 HTH-LUXR 45 #4182 DegU 25 4 5 DNA
LEMRLEL, DNA 7 TEETEZS M C i, RIFFEIER . TR ZF AT 5
H, degU i85 2 NHE TR BBEHRISIER comP yxiM- liaS~ ydfH. yhcY Fl yvfT
Z MR BEAE R R, FN degU 52 B H R BRIEEE rapH F rapG 1115,
XEW] degU FERNHL LA IR (AR AR T R ¥ IR A .

(2) JEISX PhrG. RapG Fl DegU #HEAEF ¢ R K R IRAE, HEWH RapG
R HIH] DegU-P 1¥& 1%, 1 PhrG REfEH 7 SZMARX FHMHITER . BRIk, TERGH
2EAUFT B A3 T A PhrG-RapG-DegU BEAA RN /% RS, 1% RS AEWS A 233
R AT B MK-T (PR A AR K, XK, PhrG-RapG-DegU
PN R G0 A DM E N — A0 IR, i g 2 FE AR Ak, 4% R Ui R 1
ik, vEMSEE BRI KB

(3) sl s 2 AT i 22 2 DegU-P RIS BT, i 8 MNEIR)A SN
TFHIEE: Paegos Peomk Psacs Paprin Popry Prigss Poacx T Puapas SRAFIE M = Y
JRUE TR BT Paegor F2H, comK< sacB- aprE- bpr. flgB. sacX 1 wapA )35
T HIAH X 5 SR E U Paego 1 70% 39%- 69%- 27%- 30%. 21%F1 37%. Xf
JE BT Pacgo %0 X BRBEAT AL i, L UG A sigma A sigma B 1 sigma H
GEEAL R, WO R B TR TE PRI RN, R EE2H R B 7 (19-35 XORI-10 [X 2 [R1f
6] B )7 5119845 A DR, LAHZ & DegU-P St F B4R ) 7RG, R&RE5H
FENIEME RN T 2.2 5 EA R ZN T Pso @i 78 4 )5 3 Ps VA TR I,
LI T Bt 5 ) TR R DegU-P R R (10 438 J v 328 97 44 5

(4) BEHARET PsicH T PhrG-RapG-DegU BEAR N 5 240, LA
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5.2 %, XULHIFATLEN B ZF AT B A i 1) PhrG-RapG-DegU B4 N 1 12
GRS A e MK-7 B2 8. [, BRI TR R BS168 L5 H 4H H % BS06 [
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58 HE DK K 8K 5 MK-7 & BO@ AR P (R R S B 58 4 IR, 16 R MK-7 8 182
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