RSPEISA RIS PIPCCPWRIE S

ISC)JLA}}-A—&;&L“

| =

"

595 IS sl a4 (Bacillus subtilis) s g o shewls (6556 55 (2 5man 09 p) (w2
P03l Coans el B o eede STad g o8 T ) o dee < OLdone g

. . Zou . . T é . o)
Q\ﬁ\ cd)b@#cujdjjjusfjlﬁ a&.&l_'\: cd)}j}&ﬁjublﬁ' C‘)Lp‘ U}S ‘L;J,S: L;}M‘)
. . Z .. . - el - z R

Q\ﬁ\ ‘L;)L,:@.,LCL.«)L;)ML;SU& a&.&q\: cd)}j}&ﬁjubu C‘)Lp‘ajjs ‘)LLALM.«:\

onls S oKy el lis S a5 S sl

. . Zou . . T é Lo b
Q\ﬁ\ cd)bcd)b@#@bﬁjdj)jl&f(}l& a&.&l_'\: cd)}j}&ﬁjublﬁ' C‘)Lp‘ U}S c)l.:...\._'\:

. . F o N - TR Z . 0
Q\ﬁ\ ‘LS)L"’L;“..‘?L CL\AJ L;J'ML.;S C}.l.c ol&iSls cd)}j};g_vﬁj uL'Lu C‘)Lp\ U}S ol
VYRO/FIYA 5y sl ATREA Y/ i3l s b

o ASe

S Bl Sk ey U e Szl Al sl LS IS iS5l eslinad b kit g
o2 Cledomn s Creyp s JIs 53 A () pUlS 55 5 Jlasl e s o o 5555 Ol S50 2 025
skie 4 (Prpso) (558 pslbe Sgns, G IS o DS IS O ol le Sal s S 3l
L;Lﬁfjﬂjﬂ Cond U,:Sl.i)JﬁJaCZ J‘<‘;)|J§ Qj )‘ mjf)bj C)L:js‘}lf oS Wi r‘j\v\ﬂ L;J'."J"l 4—,"J’>”
VJ“J"T Py J‘J ‘_)L.:,.’ L;“L:J.p ;UJ\ )\ yb— @L’b S e;L&.@\ ‘;9_9“..4,0 ‘-’)J’.’.\ JJSJLS g}"l'.’.))\ C,\.QJ- gnt
SOl b S Wl o e b a0 Olaj ps sl Sl lad 5o S a3l eSS
UL,a\ _}‘ Jdt.: CA.QLW \ BE CA.:.S‘}.JL'I.A to.?u 9 V_”‘JJT Ca.:jlx.‘i r”s‘.,\ﬁ- com;w\ JYJM)&L:A \ QJJS UL,&‘ L:
0 5 Y/0 0353l b dd igre 5l b Sl e b OT JLis 4 5 dd elys sdeSH W1 O
4h 52h lgb; js e 5 @ 3l sSVE V‘Uj Clled Sl (S lame 4 DU SIS Ve L
Ol Ohle gy O o5 4 5 elsSalll a5 (sl (55 SV sk Ol o Sl Lo (slaeals s stalie
(S sk 4oy S G o iy glac e G s Jako Wd, 88 5 i Ol Ol s
ms ME e b phaiS s e Gbosnl s glus Wl e S eslial Ol
5,8 gl gl Oldlas s lag SUL w51 albsS Sleyosl s ol slacd sl

LSS (o gme 05 pl kit skl g AdST Lol

Email: parastoomajidian@yahoo.com CANVVOYIYAA : a5 Obdizms g i shme ok 55



mailto:parastoomajidian@yahoo.com

S
&

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

(\Y40 gl.‘.'...au Y aJ\.q..i'» A a)‘g.b) ‘55)‘9\..’25 63)}"33‘;‘4‘1’“

T ——————————

€ 3 L Olelils (ealatl ax g g s

el 03,8 o 355 4 ST plie e
(i P37 (05 Ol x5 b BLSSI 2
ClekSeldl L skips b piioiS
A 6 505 Glaptesn ol 350 3 g5 olesd
Ls 555 oy &l ol Sl Gla gt
5 Sl s Bl s a8 Wl s
ol ol s Gaa slao) piieliS
Rinas, 1996; Lee and Keasling, ) £33 .
el slaans b5 (2006 Lee et al., 2013
e Ol @ ediise skl o SL
5 S sy allas cgr S (g SL
e plie 5 05 Ol S (o sae S5I550
Freyre-Gonzélez et ) ol ol oslizal Lo}
oy ol 5l S bS8 0,y 50 (al., 2013
e 5B S e a5 el (6 8L ol s ma
O Sl oslizal L 1) LSS
555 e b LSS 53T Sl SIS
-4 (Reizer et al.,, 1991) 5,05 suge 4 Slas
GG 2 S A Sl wpdle
bl pole J S Cod Gedtse ekl
Told s e AT S 8
i Bl e TS edins el e
35 JS co LS8 050 55 CCR s
DU SIS 05 nl O sl 2 S cre JIg
653 5 (Cregown) U L gNMR oS’ (s O

! Switchable gene expression

2 Catabolite control protein A (CcpA)
® P-ser-HPr

* Catabolite responsive element (cre)

PRV
3 N Sbke (2 me 5o bag SL
Ol ks by b 13 e ol
(bl oty oS WS slads
e Ll s Sl 4 s bl
SOAST Rla SOa s el OLG STy
Tohidfar and Khosravi, .55 . ;5 5L ol
G g o aten b 8Ll ply (2014)
Jos sl sl Ol g 5l 35 e e
S oo J Sy i Slandise Sl s o
5 el slaos i, (Balleza et al., 2009)
A5l i a5 S slie udigs
Sa b prae sy aeBS Slaptow
w3 J s
S sblie sla e bl L G (o Kaal
P b sle sexd 5 AP 5 ek
03 5 b lans
< s .(Lee et al., 2012; Na et al., 2013)

slad] Ssmge Os slads

w‘

S oL ol (Sple el
JAS S &S 5l 5 SUI 5 Sk
rl AVl g o 0allinl (s sy o e
‘6@Mw|@¢mﬁ;\iu@;§ﬁuw
g ooyie i SW e S b
Sl Ll e eiS Wl gl gl e
g Sy a5 Sloy wlle sk o4 04a
OLE oy SolB gl e hgelr  S150
CiS  pabge S g3 ol 1 i

FFan e 53 oS St (5 p AL

R R R

LN



L

&

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

T ——————————

d)ﬂ‘ Qj U’ijj‘ jzwj.:)c.,\.& Jwﬁﬁujlsy
(@ntR) Ol S I8
olil sy 5 (Fujita and Miwa, 1989)

3 3 70
sl B o sa ONt H 5l ) aS Ul Jesla
Sle ghls 5 a3 S I3 Ve 5 -
b_s ATACTTGTA Okt dass os il
(O ol aadles 5 Gas bl ol
A6 032 o 3 g CCR sy (5l Jleid
oon (V 0spl sy O G55 2 O
Sas L SUSHS esas 05 5 Shee
St e 2RSS OA sl 5 G,
S cslee glackle 5 ooty gla Ol s

Q.«\ °Jj'.’L§J:SL.’ .,\..iv) J)L)J o.,\;;S;LEH

- TIREINY

S slasg g

ookl e Sl s s

Gaw S Olge 4 (trpC2) VA L su
Sedd giie claw e i esliad 3l
trpC2, AgntR::Prpso ) 3l A5 le VWA w s
trpC2, AgntR::Pro (EMT) ) ((EmR)
trpC2, )  «(amyE:
AgNtR::Pps0 (Em®) amyE::P gnimi-
trpC2, AgNtR::Prpso (EMT) ) «(lacZgntRm

Pgnt-lacZgntRm

.(@amyE::P gnmz-lacZgntRm

L SLad) byl b 5 oS o

Slaasl e O semle) pindl 551 s
agar —iS e S5y eektise skl

\A

Lk e Crewp) b L Jsesy 4l o
(Miwa et al., 1997; Marciniak et al., 2012)
il () i S5 g 33 s
5> cre «>U « CcpA/P-ser-HPr .sl.s
S S e DS Ounl S
COPAP- ShaS dlail (235 o8 (o 555
gntR 03 0y s cre 3l s 4L 4 ser-HPr
XS o Cles gy sl Lodyiy
Gl gladle s (Miwa et al., 1997)
Ozl 3 Sas cosp Gy 2 ot Slallas
-~ B R S DUV = bS8
0 el ol planil (£ me (e sy (e
[T U P S VS S [0
AL s L LSS 0yl s sS S
B35 S ki kel
5 = LT gla i, (Fujita et al., 1986)
Dapl S sl Ol Bl ile i e
clael 4 bl 05 aw Jols oL SIS
Sheny SUsHE (@ntK)  Sls s I8
5 @NtZ) yesisl 5> See L 05 S (gNtP)
S eSS QNR) ek 05
Al e

5 P90 s b4l 5L

.(Miwa and Fujita, 1988)
9 CJL»‘)S}K o.,\.:)b)l.: Jfb)ﬁ s J.»:l:u J.?\ BE
wlie Gua>s s .(Fujita and Fujita, 1987)
S a8 Xl (VM) Lae 5 b b Koo
$548-S L oSS L ls s GntR

o5 R

TR

.2



S
&

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

(\Y40 gl.‘.'...au Y aJ\.q..i'» A a)‘g.b) ‘55)‘9\..’25 63)}"33‘;‘4‘1’“

T ——————————

5 8067) sl S5l i 5l 5 a5 A
<l » @070 5a069) 5 (a070 5 a068) (a070
PCRE- 5 pCRE-Pgntm1 PCRE-Pgnt Lo
£+ 3 Cregoun J s cosdas L oslizul Pgngmo
& Lol i bug (ACC) 0505 oyl
(ACT) cpsip wunl dol 31 505 0548

AGNtR::Proso (EMF) al jigs 4 s oo
0 gl gl 5 5 Ol 5 S Ol g5 4
eoldle a5 Slsee sk«
SUS S snl ltle gl «UsS IS
5 (Prpso) (555 ez pslde 28 Co
5 <8 (Nicolas et al., 2012) .z S
o Cwsle O) s 8 Saesn el
Sl e S el b ey
Farbetetal., ) 42 p )58l 5 5 SL a5 25
b ol g L) S) (2002
pde 5 ekt sl (5L D dais
Osealaysindl i gl Gy BL a4 5L
(de 2002)
Shestenal b SLsh Ol dates slad sk
Sdsle 5l oS s Sl eas ol saul DNA
OS5 slewsls 5 Ll f)j,i.w_;bs asl e
$B A " Shsess oS58 Gk

A S gl Ol 55505 S

Vries and Wackernagel,

2 Constitutively strong promoter
® Recombinant PCR

* Natural competence cell

® Homologous recombination

\Al

oS t/0 WS pS Ve el bl LB
B O e e R
S SIS s eleg ol S
253 A e eSS 005 /0 Ul
Cole Vv ol 4 3LS Sl s YV les
Glad s (oo 5l 03] g i osls oS
53 (0D = +/0) a6, 56 s 6L

Lt il SB 3l

23 g sbml L CCR ey 032 o
odiyl35k (g e kS ey 4>b 5 Pon
(gntRm)
S35 » CCR I 5l Sl g
»oere s s S 5 ceemsias Olge
gnt O .l @NtR) s 5L 5 (Pgnt) sV
YSIAB-etfBA (s 5505 5 aU 5l il o sl
Wk, Jig S (TATCA) -V s b ol
Y0 b 5 Y0 5oV ol e 3l S
Glosls oL 51 edel vy (TTGCAT)
A5 oslital Pgne 55050 JIs L alie DBTBS
Pgntmi sl sk 4 (Ishii et al., 2001)
Srxon 4l LoOnt Sy, YO 4>l
Pontmz 3530 53 5 A 055 ysiAB-etfBA
=Yoo 4L ;5 TTGACA 8l5 5,50 JIg
S5 5 250 G 23S 1A ANt ey
PCRE- Lo Pgnimz 5 Pgnimi Pont oleks

~aa BamHI 5 ECORI 5 » slaq 5l L test

! Luria broth medium

R R R

LN



R 0

\.\\\\\\\\\\\\\\\\\\\
TR

B sesbrefis 168

il Ll @ e e

e ————— <or =
o
—<::l—|:
o iR e [_’_ A :>_r gl }l ardd ::’_
Iam:.-E:-_F"s-___..--_.'-acz I | ——

-

Poimma

Fonommz

RS = ]_’ e armpE-2
< 3 3 = = .

F

mutatkn|release from catabelite reprassion )

[ AFE 1P e R Gpra R -‘
: e FOs0kp
P o Er1obp ¢ TBSEE i
Pomrmma e g : :
Pgmemma F F — -
S gnrR i 3 :
=T e e - i Epeec o2

s Lo 0 - :
—< e L
I
I —

Mt aTiorn{relEarse From CaTabnles o remne-tiiae |

29Nt Oyl ;3 gNtR sus &"‘h” 0y Bl YU K 4Bl g b s cile oS- IS

ONERM axksd Slodl odiadilid ol JSK5 a0 OLES 1, (Prpso) (558 polbe jigosn b i SSlr

amyE::Pgumi- @MYE:: Pgu-lacZgntRm  slaw gu il 5 Ka 058 05 Caws bl o
3L 0 @aMmyE::Pgnmz-lacZgntRm 4 lacZgntRm

Figure 1- Construction of new strains. The upper figure shows deletion of gntR gene in
the gnt operon and replacement with constitutive strong promoter (Pryso0), the lower
figure indicates the insertion of gntRm under lacZ reporter and construction of
amyE::Pgnr-lacZgntRm, amyE::Pgnrmi-lacZgntRm and amyE::Pgnrmz-lacZgntRm
strains.
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Figure 2- Pulse induction system in synthetic bacillus subtilis strains without any inducer
and addition of 1 mM, 2.5 mM and 5 mM gluconate as well as 5 mM glucose.
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Figure 3- Check the functionality of lacZ reporter using phenotyping and enzymatic
analysis. The upper part of the figure indicates the blue/white colonies in three mutant
strains under different concentration of gluconate (0, 1 and 5 mM) with glucose as
carbon source. The lower part shows the dendrograms of lacZ activity of each strain
based on absence and presence of 0, 1, 2.5 and 5 mM gluconate in addition of 5 mM
glucose. Time sampling was done in Oh, 1h, 2h, 4h and 8h after addition of gluconate.

Al g Ll a8 axyn 05l o cre Jiy Laly JSs 8 ob Oz
)J.JJ‘J\J CrEJ‘jmémeCpAdw\)J Mdt&:ﬂwg’)w&-\j\)‘fs‘jf
Ce dra—nupC—pdp o5 1 Ol s 503 G 4 P-ser-Crh/CcpA , P-ser-Hpr/CcpA la

A%



S
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

&

R R R

(\Y40 gl.‘.'...au Y aJ\.q..i'» A a)‘g.b) ‘55)‘9\..’25 63)}"33‘;‘4‘1’“

A A A

LN

-~ L;Laa,\:..ﬂj_é s )l e gnt Oyl S
.,\...J«L:da.: Jjj.ﬁj:: oS Wl
Cole w5y godm Sldlas
Soilwang 5 Rl Baa b o gias glad s,
Olpe 4 ol add ol ol gl S
J’J.'M R )2 J?.;;J L;Lﬁg_)j ‘L;".‘."ﬁ)}'l BE) ch.A
|, (ribA, ribB, ribD, ribE, ribC) - 6 4,
Fron JAS Lo pieae Oonl SO
sls e esle pl a5 Aul58) g tre. S
2 A e Sk TYAN Ol 4 s
oA s SU
Ol wlie lasdlles s.(Lin et al,, 2014)
mpl sl CAT  Ss)i8 0f ol
1A423 w3 sl Jal Sl JS
A s ol skl St
aS sls ol CL" (Fujita and Fujita, 1987)
Sl 4 sl S55 Jile MY L
S Oljen DU S8 05 S wlal b Sl IS
el 8L Bl e e (5 K00 andllas
S S I8 Jlasl U1y bl G it o
by

sl E.coli

LAd Fll
(25 ol s (Yoshida et al, 1995)
Uit PGNT177 5 pGNT83D (slatowdh
LAl L J55 Ly 3l oSk Sl e il aly
Olpe 4 1, CAT 0F e (LS8 058
sy e Sl SIS aS sl oL SV

G e g TEY B OYYY ladnd gl

YA

e oS adablS Sl e b
s sl ey ls (Zeng et al, 2000) .z
A akas gl i sy Sl
L e LTI Lo
Al od oSl s s pud ahl Cws
S a e Cre I s gladkd e sl
55 S A LSl iy ot Jle
. A5 dra-nupC-pdp O !

Loges Oly cpiizes (5,503 anlllas o
B> sl CCR anly o odle oS
S 5 COPA (155, 4 ataly b oiS: Ul
e Ol pid Lo 5 oS (o c U
i > Rl b s 3l Jb b
L3S SIS Omen oS bl s
(Titgemeyer and Bruckner, 2002)

S L3S Sl phdiee (R
Cos Nt O 5l 53 oS RS Sl
oS (W t‘e;
S L5405 Ol T .(Fujita and Miwa, 1994)

Ll ol RINTR b
ok ($o3 8 Jole Olye 4 COPA (55 5
sdhay S e 3L L2E Nt 05, s CCR
sy Sa)  SIGA 05 JT s e slml i
2138 L CCR
53 IRl Sl asn o
o3laisl b ekt s oshenls 8L N O )
o 2030 HIS1S J S50 00 g sl
L3 S oot Ll (Rizer et a., 1998) <5 S I 3
SSLoLagnt Oyl elislssl s » GNER &S
S SOk e el bl



5
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
=

TR
—
-
D
(o]
<
E?
[P
C-
1
’s
SR

S
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

e 4z oSl 058 Bl L (Sl s
Ole B syse STy Jstes iyl W
S a3 bl 33,8 o Jlo Ay o 5 3450
S ey 558 Sran (S ae Olpe 4 SIS
osba Sl sy SSs dla ke 51 B AT 5
e e 5 Sl et S s
et Sl bdsbe SIS el
awdls OAle ok g S ss5e alesd e
s Sl 03,85 LI L Ol 5 e il
sls aalsl [y 2STy 5 5
sk 4 b Slilesl ledel Conts s
lacz i3 o5 ol rl &S ol OLES Sl
Sl gkl 058 SLol 5 Ol whs L
el I el sl AS e ks LS IS
G e Ll e gl s LW MKA aS syls
2 Fymas SAL L S e S Gl
sbass L b bl 8L
a5 slodal 53 a5 ol dal 50 Al 5
Olpe & il S8 adis Slagiow (0l
el Aee) D lkwedl s Ll Sl
A5 e 5l fen) LS 5 s (S sl

23 eslital gy el su

V_Uj L;YL; Cﬁ:ﬂ&‘) ch » o)}'\& ol GntR
BE o.,\.':bjl.g r)\.,\.a Jpe= cJYs .b‘j.:do CAT
als }é b GJZS;L8|Jj~i> rJ& )J‘j2> J}Lw
lacz Sa)18 05 50k Sl 5L
05 i Jsb 4 018 o CAT 0 & Cud
o LS 50y ELCON (5 5L 5l e | 5l) lacZ
SLocas Yoo seus Gl ssYBL (’”»J'j
Sldlles s lacZ o5 5 S oLal CAT & s
FB S w5 200 SllE 5 08 (S5
v&PT m)ﬁkg .Cka L;;édj LSJE;L»J
Sos daws CAT & s 315V
sl agds Vo s 0 65000
(Arvidson et al., 1991)

¢;;Aﬁ ggéxfth L;wJL@d)JcLAS')jk a
Lol SVsame W5 ke o (55,0
Far pf Vsame S8l Ll SL YL SIS
Jii J)Jw gﬁpﬁ?iﬁﬁ Bl LY QQLQ ¢ﬂ|4{(;ﬁw\
el ol dike s, ey
5 eslazad L L(Aristidou and Penttila, 2000)
e S rﬁ‘}-’d‘ Fy SU LSL“W
Cdple e S L ose Slesdsy
oS Sl (Bae sk o4 R,

@l:.o

Aristidou A, Penttila M (2000). Metabolic engineering applications to renewable resource
utilization. Current Opinion in Biotechnology 11: 187-198.

Arvidson DN, Youderian P, Schneider TD, Stormo GD (1991). Automated kinetic assay of
beta-galactosidase activity. Biotechniques 11: 733-4.

Balleza E, Lopez-Bojorquez LN, Martinez-Antonio A, Resendis-Antonio O, Lozada-Chavez I,
Balderas-Martinez Y1, Collado-Vides J (2009). Regulation by transcription factors in

bacteria: beyond description. FEMS Microbiology Reviews 33: 133-151.



TR

g

T T 0 0 S 0 S 0 S 0

3

~~
“
r
(o]
i‘
-
¢
o
?
S
o
o
e
(V4
N
(;\ =
C-
C
T:
G
Cw
ti—':
R R TR R R

s

Briuckner R, Titgemeyer F (2002). Carbon catabolite repression in bacteria: choice of the
carbon source and autoregulatory limitation of sugar utilization. FEMS microbiology
letters 209: 141-148.

Cho HS, Seo SW, Kim YM, Jung GY, Park JM (2012). Engineering
glyceraldehyde-3-phosphate dehydrogenase for switching control of glycolysis in

Escherichia coli. Biotechnology and Bioengineering 109: 2612-2619.

de Vries J, Wackernagel W (2002). Integration of foreign DNA during natural transformation
of Acinetobacter sp. by homology-facilitated illegitimate recombination. Proceedings

of the National Academy of Sciences 99: 2094-2099.

Drepper T, Krauss U, Zu Berstenhorst SM, Pietruszka J, Jaeger KE (2011). Lights on and
action! Controlling microbial gene expression by light. Applied Microbiology and

Biotechnology 90: 23-40.

Fabret C, Dusko Ehrlich S, Noirot P (2002). A new mutation delivery system for
genome-scale approaches in Bacillus subtilis. Molecular Microbiology 46: 25-36.

Freyre-Gonzélez JA, Manjarrez-Casas AM, Merino E, Martinez-Nufiez M, Perez-Rueda E,
Gutiérrez-Rios RM (2013). Lessons from the modular organization of the

transcriptional regulatory network of Bacillus subtilis. BMC Systems Biology 7: 127.

Fujita Y, Fujita T, Miwa Y, Nihashi JI, Aratani Y (1986). Organization and transcription of
the gluconate operon, gnt, of Bacillus subtilis. Journal of Biological Chemistry 261.:

13744-13753.

Fujita Y, Miwa Y (1989). Identification of an operator sequence for the Bacillus subtilis gnt
operon. Journal of Biological Chemistry 264: 4201-4206.

Fujita Y, Miwa Y (1994). Catabolite repression of the Bacillus subtilis gnt operon mediated by
the CcpA protein. Journal of Bacteriology 176: 511-513.

Fujita YA, Fujita T (1987). The gluconate operon gnt of Bacillus subtilis encodes its own
transcriptional negative regulator. Proceedings of the National Academy of Sciences

84: 4524-4528.

Galinier A, Deutscher J, Martin-Verstraete 1 (1999). Phosphorylation of either Crh or HPr
mediates binding of CcpA to the Bacillus subtilis xyn cre and catabolite repression of
the xyn operon. Journal of Molecular Biology 286: 307-314.

Griffith KL, Wolf RE (2002). Measuring [-galactosidase activity in bacteria: cell growth,
permeabilization, and enzyme assays in 96-well arrays. Biochemical and Biophysical

Research Communications 290: 397-402.

Ishii T, Yoshida K, Terai G, Fujita Y, Nakai K (2001). DBTBS: a database of Bacillus subtilis
promoters and transcription factors. Nucleic Acids Research 29:278-280.

Jana S, Deb JK (2005). Strategies for efficient production of heterologous proteins in
Escherichia coli. Applied Microbiology and Biotechnology 67: 289-298.

Lee JM, Lee J, Kim T, Lee SK (2013). Switchable gene expression in Escherichia coli using a

miniaturized photobioreactor. PloS one 8: e52382.

Lee JW, Na D, Park JM, Lee J, Choi S, Lee SY (2012). Systems metabolic engineering of
microorganisms for natural and non-natural chemicals. Nature Chemical Biology, 8:
536-546.



Escherichia coli. Biotechnology and Bioengineering 93: 912-918.

Lin Z, Xu Z, Li Y, Wang Z, Chen T, Zhao X (2014). Metabolic engineering of Escherichia
coli for the production of riboflavin. Microbial Cell Factories 13: 1.

Marciniak BC, Pabijaniak M, de Jong A, Diihring R, Seidel G, Hillen W, Kuipers OP (2012).
High-and low-affinity cre boxes for CcpA binding in Bacillus subtilis revealed by

genome-wide analysis. BMC Genomics 13: 401.

Miwa Y, Fujita Y (1988). Purification and characterization of a repressor for the Bacillus
subtilis gnt operon. Journal of Biological Chemistry 263: 13252-13257.

Miwa Y, Nagura K, Eguchi S, Fukuda H, Deutscher J, Fujita Y (1997). Catabolite repression
of the Bacillus subtilis gnt operon exerted by two catabolite-responsive elements.
Molecular Microbiology 23: 1203-1213.

Na D, Yoo SM, Chung H, Park H, Park JH, Lee SY (2013). Metabolic engineering of
Escherichia coli using synthetic small regulatory RNAs. Nature Biotechnology 31:
170-174.

Nicolas P, Mader U, Dervyn E, Rochat T, Leduc A, Pigeonneau N, Bessiéres P (2012).
Condition-dependent transcriptome reveals high-level regulatory architecture in
Bacillus subtilis. Science 335:1103-1106.

Reizer A, Deutscher J, Saier MH, Reizer J (1991). Analysis of the gluconate (gnt) operon of
Bacillus subtilis. Molecular Microbiology 5: 1081-1089.

Reizer J, Hoischen CF, Titgemeyer C, Rivolta R, Rabus J, Stulke D, Karamata MH, Saier JR,
Hillen W (1998). A novel protein kinase that controls carbon catabolite repression in

bacteria. Molecular Microbiology 27: 1157-1169.
Rinas U (1996). Synthesis rates of cellular proteins involved in translation and protein folding
are strongly altered in response to overproduction of basic fibroblast growth factor by

recombinant Escherichia coli. Biotechnology Progress 12: 196-200.

Tohidfar M, Khosravi S (2014). Challenges for releasing Bt transgenic plants. Journal of
Agricultural Biotechnology 7:33-54.

Valdez-Cruz NA, Caspeta L, Perez NO, Ramirez OT, Trujillo-Roldan MA (2010). Production
of recombinant proteins in E. coli by the heat inducible expression system based on the
phage lambda pL and/or pR promoters. Microbial Cell Factories 9: 18.

Zeng X, Galinier A, Saxild HH (2000). Catabolite repression of dra—nupC—pdp operon
expression in Bacillus subtilis. Microbiology 146(11), 2901-2908.

Zhang SS, Chen D, Lu Q (2011). An improved protocol and a new grinding device for
extraction of genomic DNA from microorganisms by a two-step extraction procedure.

Genetics and Molecular Researchll1: 1532-1543.

Zhou L, Niu DD, Tian KM, Chen XZ, Prior BA, Shen W, Wang ZX (2012). Genetically
switched D-lactate production in Escherichia coli. Metabolic Engineering 14: 560-568.

AN

3

TR TR TR R

%



(\Y40 gl.‘.'...au Y a)\.q..i'» A a)j.b) ‘55)‘9\.;'25 6}3)}&333417;0

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
3

SRR
&
SRR TR R

S
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
s
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Abstract

In this study, we proposed the artificial operon which is capable of reversible
transcriptional regulation control in Bacillus subtilis. Firstly, the crey,, and cregown Were
mutated to release from CCR phenomenon. Then, the structural genes of gnt operon were
placed under the control of constitutively strong promoter to degrade gluconate constitutively.
In addition, the reporter gene (lacZ) was introduced under control of gnt promoters to evaluate
functionality of the artificial operon. The results of pulse induction system showed no enzyme
activity of each strain in the absence of inducer. By addition of 1 mM gluconate, the highest
enzyme activity was shown at 1h after addition of inducer, and then the inducer degraded to
turn off the operon. The maximum activation of enzyme was observed in 2h and 4h after
addition of 2.5 and 5 mM gluconate into culture media, respectively. Our data indicated that
the longer degradation of inducer and higher enzyme activity was appeared by more
concentration of gluconate as well as growth arrest. It is suggested to use the pulse induction
system and reversible artificial operon to achieve huge amount of special metabolite at short
period of bacterial growth.
Key words: Bacillus subtilis, Artificial operon, Gluconate.
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