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d Mg 7HA =, o] CCR2 29 5ol4 PTS FAA & ARl

EIIAYce] Q1xks} Abejol] o]&) =2t}

2 AFE PTSE &8t FHHs 2233 tYE Aol
CCRe| &Aatn, x93 g Atole] CCR¥Y <& vk PTS +
Aebiidel HPro]l & Aol #osivt= As 93t HPre 22

& PTS Zolgdte =33 W ES 5 o 2ditsiy = A
Lo zpol7b Qlal, webA xwdo] EAFE w v gelikstd
HPro] why&E o H & gAAQ] MtIR¥ ZAFste] vhyE ¥ &9
s A g

MtIR¥ HPr 25 DNA°| Z%& & d= =dlS 7 A
%71 Wl MUR-HPr 5§17 v s 2o 2ds =48]
&l += cognitive DNA-binding protein®] 223 Aolgtar Az}t

st o2 v Y& FxIHo T Haerh. MtIR-HPr £33
o] FxE Fof MtIR9 olv|:=Ail 7] F cognitive DNA-binding
protein®}¢] A& Ago] FoTd Ao AZAEE A THO A=
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I. A&

-

1. Carbon catabolite repression (CCR)9l ¢] 3%t
A F AS AN

J[m

AEAE 98 /7 S429S A8 & ded, 54
o] T/ ®Aado] Al AT o 54 dxds tE ©@x
Qo wls] HAZsleE A4S H<uh Carbon catabolite repression
(CCR)E ol g & a4l ARE 7heatA v A4S
2 48 ded, Mgl EAT o vdsde] EAgALY #H

Agto = 283k}, (Magasanik,

o H- 3 2] A 31| A phosphoenolpyruvate:sugar phospho
—transferase system (PTS)ol| 93] %%+ 92 PTS7F ofd 74
25 B3 FFotes Gol v dsdna d8A o d&8 =
gt A PTSO o8] =FH= 29, Wds 22 32 PTS7)
obd AR FFHe Y, Hotd, SYAE 22 ol Hla A%

=& dAbo] BHEETT (Gorke et al., 2008).

2. WA T2 phosphoenolpyruvate:sugar phospho
—transferase system (PTS)3Z PTSd 93 A7



g4 =3

PTS+= enzyme I (EI), histidine phosphocarrier protein (HPr),
enzyme II (EI) @9 @3 2 oy F/HY dWldz FAd5 o] 3]
al, EI3} HPr olg] &7¢ 9 &l 5 #ofsh= duk PTS
component®]™ Ell= ¥ 59°]% PTS component® & F/F7} &
Al EllE= B%E EIA, EIIBE 749 cytosolic domain® @<

&3k channel2 7]°5 3= membrane domain®l EIC & Al &
Fol mvlo® FAEY. EI2 PEPERFH fHie ibvls A
wol thA] HPr& A2a]F 1, HPre thAl 91417] S EIASH ElBE
ddstn o] Q7= EINCE T3 AX WiF=E FFys 35 <l
AFek A1 71t} (Deutscher et al., 2014).

PTS= 3 % ol9dx thdd 7s& s Aoz deA 3l
o PTSE FAste @WdE2 Ao +3 4o EAlsts &
o] Froll wet Q4kst AEi7E WA dh dE S0 EdY A
§ EEGI 2 PTS Jo] EAF w =9 504l ENAS}

HPre: oj 2 <14ty s
Ak Wl PTS 9ol EAlsh4 %2
371 Wze] QlakshE e wudol
al, 1993). webA QI4kstE PTS o
of mge Ao Fule] £x

P
ke
ki
ofl
o
>
W
o

AAZ PTSE At @A 4bs} ©&litst Adejo] wE
A g4 242 B2 A7t ol FolAa vk ERiikstE HPr
anti-0” factor¢l RsdZ A|sta (Park et al, 2013), glycogen
phosphorylaseE 24 313t} (Seok et al,, 1997). 2<¢l4kslE EIIASC



o,
o

= FrsAS %431 (Koo et al, 2004), glycerol kinase®] &
Wl sty (Hurley et al, 1993), &<14t3ld EIBY:= ke &
of AARZ 7]t MlcE SA|$t; (Nam et al, 2001). Z18]a
AF3lEl EIMMAYCE adenylate cyclaseS &4 3FA171th (Park et al,
2006). CCR YA 945 der o FFste Aoz, 3o F50

#AE PTSe dA gk #do] drd (Deutscher et al., 2006).
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3. CCRell &< WA
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3.1. PTS B3¢ 25933 H PTS 9 ATF Alo]

Asre mE gAY SAAQ AR g TedA we AT
7F olFojHa, aFdE Xrgy A Alole] CCReo| 7Hd
deix vk xEF2 PTS o= H PTS <l A v A=
i \A AREE Zo] ¢EA vk 2E"y Aol o] EA)
st FACA didTS MGIE W, ¢4 xS dgdos
2R F2YS ARstEd de3d dMds dEsied ZdEe
ARl & & lag phasegs AW § AFES ARSI diauxicd A
I4S #FEE F At (Monod, 1942).

Q7Aoo e gt yxed HAS HAS  ‘inducer

r (

exclusion’# ‘induction prevention’©]g}= F 7Fx 9] 712HS E& o
ot} wolsoxw 9}l F 7)Ze 2% EIACGko] 01213} AbE)
of we} 2AdEt A digto] AlxE oF ¥EdS PTSE &

3l Al WiF= gEehs FAgCdA PTS 74 did 5o 2litkst

-



Hr} olw €elatstyEl ENACE RS $438E lactose permease

S X33t o8 7FA] H] PTS 99 transporterd] ZAdste] de 4

& AT gHA ) o]y e AAES ‘inducer exclusion’©]

il &t 7o FES oAlste] Folut 7 thatEel o3 &4
o

e el A4S 23ttt (Postma et al.,

T & 719 = cyclic AMP-cyclic AMP receptor protein
(CRP) HAZF #HAgd. e #Fda ZdeA  cyclic
AMP-CRP H&Al= EddiAtel #dd FdAE st B
THY FHAY BIHE FHdE 9IS Itk cyclic AMPE
adenylate cyclaseol 23] &4 ¥ +=d adenylate cyclaser= <14+3}%
EIIACe] o8 &gt Txedo] EA5HE Aol ditite
EIAY 7 eelatslyl A E EA)6t7] wjio] adenylate cyclaseZ
DA SA 71 A Fetar, mEbA AlE W] cyclic AMP s &=7F StobA]
A #rh o] <8 cyclic AMP-CRP E-3dtAo] olsf %2 uHk= n)
Aol 53 SddiAtel Zad FAAES Az T A
A ool HHAERS AREA XA doh oleld NS

‘induction prevention’©]2tar gt} (Park et al., 2006).

TEg7 srJE A}o]e] CCRY <

Y=gy g8y Alo]le] CCRE M| #3F PTS 93 vl PTS © Aol
o] Mako] tafjdes we A3yt JAAHJAA T PTS T Alo] 9
Azro] hars o} F7A] Ll vzl BA eul B A Ao A

el PTS 2 Abolo] As @Al tfs)
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ATreigha, g v E Ato]l Aeres Eg ) ZT Ao
o] Aswet @] ENAT7E obd ¥ PTS9 wyE PTSH =
i YWk PTS componentq! HPreo| <Q14ksl el od] =
Yl th (Choe et al, 2017).
Zrdol EAE wl HPr& ENACS} nfdrhx 2 ofiti %‘ﬂii}
H dHE St tyE ed 2] Al MR
HPr& <14ste] MtIR-HPr H53AE dAdste] Wty E oo &E9 %
HE AR 7t v wtYEo] EA4E wl HPre mR7HA|
2 2RI E T shA Y =g @2 50% ©]/de] HPro] o {3
AAibste FHE R EAste] MR o zh&38h#] gttt o - d
L3 MY Ee 22 PTS Zoludt= HPro] 14tste = A
zkol7b 17] wWiEel MtIR¥Y =283 4 3+ HP

rlo
[‘2
>
e
i,

W

H
Lo
i

T

2 2| $kA171 HPr(H15A) &dWol& ARgsto]l eletsivt. HPro
15 A histidineS EICZFE AA7]|E duuk= o3-S slo] HPr
o] QIxtstel wi9- FQ3HH, alanineS = A FHEH A4EsE A H3
2lkstE HPrel 75 &tk ok Y HPrs W9sts ptsH #+4

A5 AEA7]30 HPr(HI5A) EdWo] dids BHdstes whsof
T B #FE U] ol Y HPre AT & JEE 3 HAA
= 5o wE Wy E wixe e A Hxrh =z webA

st S HPr9 Lys27S glutamate® 28471 HPr(K27E)
Aol S AgElo] ¥ tl HPr(K27E) ¢ Wol:= EICZHE <4t

e
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718 Agura thA] QA7 E EIIAZ A E3= PTS component®
A HPreY 71%5& FA8EAY MtIR¥YE= Agstx] E3tvh prsH

AAE A&7 FEO ob4Y HPre @

UERA 9 HPr(K27E) EWol & e
g Apole] Ao 7t AbebAlE S S8 MURI HPre] < 283t
2 Bad v E QW2 oA A o] AlEAE AL BRI YT
4 A7 2%

MtlRo] =&elibstel HProh Agste] whys ouf=e TS o

PaSs gy Awk MtIR® HPr& =% DNA-binding

A= A

domaing zZtA %=t} (Tan et al, 2009). wabA MtIR-HPr =34
of F7FHox DNAd A + d=x Zdss d@iddd
cognitive DNA-binding protein®] =A& Aoz A7Ztsle] ol& b

7l g gk AdEs FRAAR AAZAE cognitive
DNA-binding protein® = A zts &= oo ds 2= Lo
2 AN E xS or AEA ekl MtR-HPr 534
o] Fx& #Fo MtIR9 olv|x4il 7] 5 cognitive DNA-binding
protein?} o] Ao 2tgo] TR AL & Bom AZAH= A THA
<L

o] W& /\_]qu]—)\}\»]—— vy
il
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II. As 9 9

1. MtIR Z7] Ed®o] o5 A

A el MR zH7] EdRlelE dozl wtE Al#tstr] 98]
mtlD FFARE AEA 7 MGL655 AmtID 5 mtiD 73429 =
AWl mtR +AAE X335+ PCR productE WA A Z35HA

7l e A,

1.1. 9o AE& %33+ PCR product A&

mtiRe] M@ EdolE do7]7] 45 4 pBR322 =&
v o okAE miD, mtlR
mtR A2, AxdE 7 A=F 83 FHAARTH dFo=
100 bp, FIZCS=Z 500 bpe] MY, AdFaLE HeE

a
=2 T
a A AEdES BF ¥38E PCR productE wHE9Uth pBR322 =

olmz2 Fet~u=E PCRslo] ¢
2 qEdES 7R Qe Ao ZEgav=E A9t PCR product

4 PCR & oz 483 99 Zdt=v=E gloi7] 918 Dpnl<

= -1
A Ade AR FAF AL
ok



] 2] g Ao Sdav=rt Az
Fs T3 989 ZSgzvert HEs siglvh olE S
3 & pBR322-MtIDR mutant 22}~

n=g5 Aztstelv. Y Sgav=E FEOR TP A Fol ARE
= olu] & PCR3}le] =
Aol FF A|Zo] AR 3% PCR products W&t}

o
o5
=
)
Q1
o))
o))
=t
N
=
ol
i
=
riet
=)
2

it}

A Azl Bas ME7A E3st

1.2. PCR product AZFE T3 =SdWHo| TF
A &}

PCR product® MGI1655 AmtiD v+l AMZgA717] 8] 4
pKD46 Zt2v|=E MGI655 AmtlD o] FAHAEsA
pKD46 Eetav=v A ZRE FH g, Axetel] 28d dds
= e FgaveER A RSTEH FUR7] Wil 42 T 1
2o Atgkzith PCR productE A 23 MG1655 AmtlD/pKDA46

Fol FAAZA 7| LBE 1 ml ¥+ & 37 TolA 2 Azt
regeneration AlZAth °]F AYXE 02% WYES ¥gse= M9
agar FawjR|o] Zdth MGI655 AmtID 2] 4% U E A}
Ao Ao MtID @ do] gl7] wEol Ty E ujA|ol A 2ehA]

o]

Wy E Aol A 4 gl A

ol AxFE 98 FrrHon YolE AdEe] 100 bpet FZ <]

500 bpell Al Azgteo] dojufof spAInt, Sl A mR 34
M =AMl S s MFAR Ad9 ¢

a3} 5%71 o] o] B2 A AxFo



TRl A AzFro]l dold Ths Aol =AY wZol agar jA ol

A Ad 2EUE Zo ARYS B AWt AdE YR EA
golste] AFHoR GAA FolA muR FAAe] 7] R B
Avols o FFEE AL (19 1),

2. qRT-PCR

gqRT-PCR 3}7] 93t #5F2 LB vl# oA overnight B3
sl A LB WA & resuspension A TH AEZES LB #iA
ODew 0201 2HA M2 HEstar 40 & & WeEe2) 111 vE=
o] 4 CollA 1A%t incubationdte] AEXE 1At NELE TA] F
33 A aspirator? A5 HS AAS T lysozymeE 10 mg/mle] &
=7} Hl=% TE buffer (10 mM Tris-HCI pH 80, 1 mM EDTA)
of =oA 10 & Aok °o]F MiniBEST Universal RNA
Extraction Kit (Takara)& AF&3to] RNAE ¥ttt

RNA to ¢cDNA EcoDry™ Premix (Takara)el 2500 ng¢] RNAZ
Y31 reverse transcription-PCRS &3 cDNAE 343t 449
cDNAE 1/20 B &= 3&A3ste] gRT-PCRel AF&3I3, mitiA,
mtlR FRAA Z}Zyo| Eo]x el xZglolwel TranStart Top Green
qPCR SuperMix (TransGen)E& AF&3t3 o™ CFX9 Real-Time
System (Bio-Rad)& ©]&3te] qRT-PCRS FT33tdrt LddAFS
AIrstA 7171 918 AE ol A o] dAsH L e rrsH

A wAFS BEToR H4stgh FHduA e FA%
o J 3

&2



WT

MG1655 AmilD —————— mtlA P miR
y
L] mtiD [ mutant miiR |
1000p T 5000p
1 mutation point
recombination,
M9+Mtl plate selection
mtIR mutation . | mutant
in the chromosome g // miD miR
»

¥ 1. MtIR 7] Ed®o] &5 Az W

- 16 - - .-’{1—-;—?



3. pACYC184-HPr(H15A) 3A A% 73 Az
B2 &9l

A= s 98 ez 752 AzFsr] 9 oryY
MGI1655, FAAGS] mtR A7 Ed®elE dozl MGI655
mtIR:mt/R(D83A), MGI1655 mtiR::mtIR(R92M), MGI1655 mtiR::
mt/RRIITM) w75 Z}7 competent cellS THEUTE oA Y
MG1655 o= tixwo = AHE3t7] 98l pACYC184 Eeh2~m|

W sl pACYCI84-HPr(HI15A) S~ v| =g

L) o= 77t pACYC184-

ro

F U FFE 24 LB wiA A overnight Hi
&t T FFaA M9 HAMA R AJTE o]F FdI M9 WA=
resuspensiondtil, 0.2% WYES X35t M9 #l# 1 mlol z+zt
ODsw 0.1& 3o} HEF3taL Cell Culture 96-well Plate (SPL)el
Z}7+S 3k welld 150 pl® 3709 wellol tripleto. 2 2L % Spark
Microplate Reader (Tecan)S &3 ODew #S SA3A Tk 30 1+
Aow FA% ODw #te NS ol #4tE g =Z= Yol
Ag=dE Felstdnh

=

il 9k S 9jsf A IPTGE o] &3] w¥ S inducibledtAl
A A = Q= ER2566 9 pET43.1a == pETDuet =&}
&3t MtIR¥} HPre binding testoll A}-8% His tag

- 17 - + 7}



294 MtIR¥ tag $1l© HPr< =5 pET43.1a Sehiav|=ed F2Y
P, MtIRZ} QseB9 binding testell AF-&3 MtIR¥} His tag ¥
MtIRS pET43.1a Z2v=, QseBet His tag ¢ QseBe
pETDuet Zetxvj=o] 24z S22 it

SREYYE FAA AEdE A=A FowA Zozv|=E A}

=
F Qe AREE T RIS Agstel & AR AVRLE AT 5

alkaline phosphataseE *@3dla %<& ligationdte] pET43.1a-HPr,
pET43.1a-MtlIR, pET43.1a-HisMtlR, pET43.1a-HisMtIR(R92M),
pET43.1a-HisMtIR(D83A R92M R117M), pETDuet-QseB, pET
Duet-HisQseB ¥# 79 Zot2v|=5 Azt ol 5 74749
Zetar =5 ER2566 v FA A3 A AT

Ztzke)l 55 LB 400 mlel fFskar 37 TolX ODaw 0.4 ©]%
o] & wj7}# 7]¢ & 1 mM IPTG (isopropyl B-D-1-thiogalacto
pyranoside)E Y il 37 ColA F7F= 3A17F ¥ 719 induction 3
t}. Inductiondt A|EE &332 10 mlel binding buffer (20 mM
HPEPS pH 75 100 mM NaCl, 10% glycerol, 0.05% @8
-mercaptoethanol) & resuspension?dt ¥ protease inhibitorE 4
t}. o] % French Press®} SonicatorE AR&3dle] AXE 713 10,000
rpm, 20 & G A cell lysateE AUt A EE = T
Poly-Prep  Chromatography  Columns  (Bio—Rad)l Talon
Superflow Affinity Resin (Takara) 300 ul& %32 TDW, binding
buffer® A At} Cell lysateE talon resinell Y3 4 TolA 30 &
Q9 £50)4 His tag ¢ @9 & o] talon resindl 2% & A=
= 3} Cell lysateE & B Wil washing buffer (20 mM HPEPS
pH 7.5, 100 mM NaCl, 10% glycerol, 0.05% B-mercaptoethanol, 10

e,

_‘|8_



mM imidazole)E 3 ml Y3 4 ColA 10 ¥ &< ESE°|A talon
resing A& A4S 3W HHEEA T o] % elution buffer (20 mM
HPEPS pH 75 100 mM NaCl, 10% glycerol, 0.05% @83
-mercaptoethanol, 200 mM imidazole) 1 ml< talon resin®] <

Agtel Y= His tag €9 9 AS elutiondt= H4S 3H vWHE3l
ok Ao ' elution® @A Zo] Fo]9l+= imidazole ©] %
Ao A TS thA] talon resine] &Y ol & wWalstr] W
o, imidazole= A|A3F7] 93] Slide-A-Lyzer Dialysis Cassette
(Thermo) °l elution?dr @M &AL ¥ cassetteE 500 mle] binding

bufferd]l ¥ % 4 TollA overnight® % dialysisE 3}t

5. Binding test

5.1. MtIR mutant-HPr binding test

His tag @3 MtIR ¥l ES 727} talon resino WA & F
71 Y&, ¢4 4 /e 5 ml tubecl talon resin 50 plE 2 AT}
Talon resin® capacity (5-15 mg/mlES Az+sle] ofAE MR,

MtIR(R92M), MtIR(D83A RI92M R117M) wwl Aol kS 7Z}zF 250
ngell 93 Y il buffers ¢ Yo M2 HIE& UL—ZrJ;ZdQUi =
o7 FHo uwA gle buffers vlI7IAE YolE & 4 TollA

HPr& cell lysate 28] 2 HisMtlIRo] £¢]9l3+& talon resine] &¢
F % elution® W HisMtIR¥} co-elution =X XH7] 93] HPr&
HIAHA 7l AEE 7]9-3L French Press?} SonicatorE ©]-&3}o] 7)

- 19 - 1] O



3 AR cell lysateE AT Cell lysateEs iz A3
ol 2e FE ¥old ¥ 4 TeA 30 & &t ESAn o) F A&
SaS golglor uw Bl 1 mle binding buffer® talon
resine resuspensiondiA 1.5 ml tube® &%Zth A5 dS WA &
binding buffer 1 ml& % il vortexing2 & talon resing Ao|F+=
HAS 3 HEEET A2 talon resin®l 50 ple] elution bufferE
Y11 vortexingd] A4 HisMtIRS talon resin®ZFE HolEZ 1l
bufferE wA HPro] HisMtIR¥} co-elution ¥+=%] SDS-page gel
2o gl

5.2. MtlIR-QseB binding test

His tag €% MtIR, QseBE Zt7Z} talon resinoll &% % QseB,
MtIRE FHLHAIZ cell lysateE =859 QseB T+ MtlIRO]
co—elution ¥ =% &lste] MtIR¥} QseB7} A& st=A] w kel s}
Aact 2¥3 MtR¥ QseBE MtR¥ HPra @] A= s 283t
A AR Fkr] wZel, gAsA Felstr] f4s MR
mutant-HPr binding test®} t©HZ A baite 2 222 His tag B¢
HAde] ol & F MY A or AAS APk baite] Fel
w2t co-elution® = @A o] ¢Fo] GdEpA| =45 <15t

HisMtIR, HisQseBZ Zt7Z} talon resin®] WA o577 98],
A 247 370 671e] 5 ml tubedl talon resin 50 uplE ¥ AT
Talon resin®] capacityg AJZtsto] @l o] ¢S 7k7 125 pg, 250
pgell 93 ¥ buffers o Yol A& FyE I oW iz
o2 Fo] gMlA ¢l buffers v/ R Lol T 4 CollA]

30 & ¢ EEA

Olt

rlol'
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QseBe} MtIRS cell lysate AHlE HisMtIR, HisQseB7} 0]
= talon resind =d<+ $ elution® W HisMtIR, HisQseB<}
co—elution ¥ +=A# H7] ¢33 QseB, MtIRS FL3AAZ AXE 7]

-3 French Press®} SonicatorE ©]-&3lo] 71 YAE2] 3] cell

lysateE 2t Cell lysa S U2y Addd 22 &S dolT
S 4 TolA 30 & & EEQT o]F A AS Folgloz mA
W21 1 ml9 binding buffer® talon resinS resuspensionsfA 1.5

ml tube® &Zth AS5HES HA F binding buffer 1 ml& F 1L
vortexing &= talon resing AT A 3W HHEIT A&
talon resin®l 50 pl®] elution bufferS % i vortexing3jA] HisMtIR,
HisQseBZ talon resin® &3 € Ho]Eg 1 buffers WA QseB &
+ MtIRe] 77z} HisMtIR %% HisQseB9} co-elution ¥ +=%]
SDS-page gel ©¢ &elgit}.

6. Metal affinity chromatographyZ ©o]&3 in

vivo protein ligand fishing

His tag €9 ©oFAE MtIRZ MtIR(RI2M) &AWl E A EZ
A okl wERT Bwe < HEA77] fEiA deAs
]+ pBR322 Z#An|=E AR
EE7F Q7] wiEel AE el B
]
]

;0

constitutivestAl LA
pBR322 Zef2vn| =9 A9 = %
o] LHEEE Crp T9¥He ZIZHEE Yot =AW
MtIRE Zdsts 59 45 dAANA 3= ofAdd MtRe

A4 Aol e A = 7] WEel muR wAAE AEAR

f

o

mtR 7349k ap FAAe] Z2RE (313 bp)o] MEE AEA
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st ¢F HE ATFELAE AE T AT AEES £+ PCR
productE THEATH oW cp ZEE g
2% mtlR FAAe] AFEES A2 Agdahe LS Adan

ALg-3E T Zekavn =9 PCR productES 7+7f A|lgtaa= A
T AgtaAh A sk Zep~vn =+ alkaline phosphataseE * @
3t AlS  ligationdte] pBR322-Pcrp HisMtIR, pBR322-Pcrp
HisMtIR(R92M) + 79 Feg2m=g Azsiadnh. o
S 2 AT pBR322 FHgtzw|=ef &7 225 MGL655 AmtiR 1t
Foll FAAg AT

Zyzkol w5 LB 400 mloll HE3sta 37 TolA overnight wl<%

A AES F3a 10 ml9 binding buffer® resuspension 3t

ol

i

O

o

protease inhibitorE ¥ % th. ©]% French Press®} Sonicatorg A}
o] AIXZ 7] 10,000 rpm, 20 & AAEG A cell lysateE A
Aok AAEY3E=E F<F 15 ml tubeol talon resin 50 plE ¥
TDW, binding buffer® At} Cell lysateE 217} talon resinell
34 ColA 30 & 5 £E°14 HisMtIRo| talon resindll 233
T UAxEF g ol TS dFojZlor wA w1 mlo
binding buffer® talon resing resuspensiond|A 1.5 ml tube® &
Aok A4S WY $F binding buffer 1 ml& ¥ 3l vortexing & =
talon resing AolF= #4S 3¥ REEFTE A2 talon resinel 50
ul®] elution bufferE % i vortexing 3l A HisMtIR, HisMtIR(R92M)
S talon resine ZHE] "Wo]E g 1 buffers WAl SDS-page gel &
Hoh Lg] il SDS-page geloll Al @ o] vp2 gjelS glste] ¢
Aot s MtRel fled  &elsta, MtRR2ZM)ES Hols
lanedl Al oA E MtIRES ZolF laneRtt A& o] co-elution®

gl go] gl g

K

o

—

_22_



7. MADLI-TOF

MALDI-TOF %7]7] 98] SDS-page gelolA] @ AL F=3)
t}. A SDS-page gelol A ©FA3 MtlRol| H]d)A MtIR(R92M) &=
AWolE AoFE laned A o A A co-elution® T WH=5 Za)

A 1.5 ml tubedl] 2t} Isopropyl alcohol 200 plE @o]A AMol&+

==

E wA Wga, uEskA 2 TDW 200 pls YolA Aole T g
t}. 200 mM ammonium bicarbonate 200 plE ¥ il 20 & F<oF uh

SA71a M $ 200 ul §& AREE gels A2 2740w #git
100% acetonitrile 200 pl& oAl gels E5FA17]1& A4S 3H #
E3kal 50 T2 AAeE I3 dAEel 7oA 2500 rpme
A AEZAAY. trypsing 10 ng/ulel F=7F HEE
ammonium bicarbonate®] =14 tubeo] 25 plE ¥ i 37 CTeolA
overnight ¥+ A 7t}

o]F WHEAZl e dls wA AR 15 ml tubedl ¥ i, 5%
100% acetonitrile 20 plE o] gel

25Y oWy 275 5 T 22 15 ml tubeo] RoE AAS
o VRS
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TE B3 wyE euHEe A
gelitstdl HPrd Adgtste] vl E <
S gyl (Choe et al, 2017). &} wt
MtIR¥} HPr& X% DNA binding domaine] §1& Aoz oA
7] uwjio] DNA<te] ZAES Z9FE cognitive DNA-binding
protein®] F7IHow Qs Aog doasStt. ‘Z-I/ﬂ cognitive
DNA-binding proteing 7] §1¢ vhFd 23S
gk Aas 94A i, webq MtIR-HPr %%Liﬂfﬂ TE2E 4
sto] FxstA o r IRy ® skl

MtR-HPr HA1e] 3 #4& &8 MR-HPr 5A47F o] &
Az v 2SS o]F3 93 (Choe, unpublished), "l &3k
cognitive DNA-binding protein®] A& Zolgta o= 4 U

o (2" 2). & T3 MR opvrieit Hde vjaste] & wBE

A
MtIR€ PTS component %
HEe] HHS -t A

ol QoA (28 3A), Wl &3] FHoR =FHo%dE WE
o] cognitive DNA-binding protein¥}2] A& 2F8o] F Q3 &S
& Zlolebal Aztste] Asp83, Arg92, Argll7 Al F7el Z71E A
Aottt (29 3B). MtIR®] =0 PX|&= FFs HAS st W
oz 77t dAA o] D83A, R92M, RIITME E¢WolE do
7ok 270 &2 37 A7l FAll EdRolE doF HFE
2+2y A Zek gtk MtIR¥ cognitive DNA-binding protein®] & #F
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vVvMELIR :
woMELR @

L 20 L 40 L 60

THY L
ma nE GGERIH IVRgFL6 tVdB1tEabl LegrGFRE

* a0 1 L l 100 L 1125 &
ecMtlR : DRDGErAGEERIn ] e AL A T )

VEMELR
vvMELR :
weMELR -

ecMELR @
VEMELR
vVMELR :
weMELR :

29 3. Cognitive DNA-binding protein¥¢ 245 =89
F8% 9T S T Ao =2 dA4EH= MR 719 A

(A) T2 F9] ot vl E B & BEH Qe ofn =it
2715 st th. Asp83, Arg92, Argll7e] $AE WA spAk g
2 FAee (B) MtIR-HPr 5¢Alol Asp83, Arg92, Argll7 3%
719 91KE #FAIEATE ZF MtRel e #7119 AXE AFA
stEM o R FEste] EAISAT
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2 e Aol e Aot w
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3l 2. 7]
gRT-PCRE %3
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o

FSA k.

S

MG1655 5 mtR #+ A7}t
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b dA oA

oj
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tod qRT-PCR

)
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MG1655 AmtiR &

LB ®jAol A 71994 RNAE

aEd
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e 2% BE

)

LA EE mtIADR®
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ta L, F718 o2 mitR
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A 79
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=
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HUxE mtlAQ

Itk (719 4A, B).
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2. MR ofvl:4t 7] EdWold] o
B 23 Aol

ri
4
N
10

Arg92 Zt717F MtIR¥} cognitive DNA-binding protein®2] A3
Zhgo AHAQ ges s AS FriHes FAdy] 9
T 3

[€]
?rzr

1o
>

24as A9 APt R oY o

-

£ AH&shsith HPr(HI15A) &<Wols HPro| 1Ailste] 2%
Hisl5 Z&717F Q14kst= Al st &4kt HPrA s 71587l o
ol T =AWl E Edste e WY E SHEe IdESs 9
A = A= MHRO F7F BobA vy E iAo 47 £r7p =
A E AL FA3 (Choe et al, 2017). oW EdA o]
cognitive DNA-binding protein¥}2] A& 2F80o] <oFafx MtIR

A3 de= TF7F ATHA HPr(H15A)7F A33te et DNAo] Al dj
2 AT F g7 Wi vy E AN 71He W vy E 2
ol HHo] AY Hrvt 3HdE Aot A5 5 9l
FAAEANZ FFEH A W pACYCI84 STAV =S ofdd
MG1655°] FAALEAZ #FE iz oz ARSI, #FES
02% TYES ¥ M9 HawAA 71584 A £28 &9

otk 2% Ay HPr(HISA)S 2dssE Zetan=rt Sodle
ofAE vt Wl FEpan|=vh ol ofA Y ol wls A3
¥ AR HEZ Hol: AHA, R2M =4
HPr(H15A)2 23

g e W FEgan=E
=7t 354

aRT-PCR ZA#eo} dAst= AB=Z, MRS Argd2
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O 0.3 1 9 °
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0.1 gecesseedd ©R92M/PACYC-HPI{H15A)
@ R11TMpACYC-HPH{H154)
U ]
0 5 10 15 20

Incubation time (h)

29 5. HPr(H15A)8 2 ds= MtR Ed®e] 259 A
T =4 Asg

MtIR =dWelo] wmE A% 349 32 Spark Microplate
Readers &3l 307tk ODsodts SA3te] &1ttt dlxza 2
2 MG1655/pACYC184 79 MGI1655/pACYC-HPr(H15A) ¥ F%&
AbEEFAAL, 2 EFE Al e Adwor HAYS stk A
vl triplet& = ODsoo at= S48kl Ao Hirgtoz FA
d ag=ZE ada xS FAEIH

S
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et
o

cognitive DNA-binding protein@}2] J& 280 ZAAA<Q o

arhs Ag Ss,

3. MtIR Ed W o]9 HPr9 binding test

ok A¥e]  AdfoA MtIRY  Arg92 ZH7]7F cognitive
DNA-binding protein®}2] A& &80 T3 9 a2 Asp83
719k Argll7? A7 REA 9 v A94E dusd,
ol HAY WstE T A or Qg Ayelt) ARt o
e Aiaes sl olu|x=Ak F7]E9]  cognitive  DNA-binding
protein®] o} HPr#}eo] Az ztgo] #HEo] EdWolx <l HPr
I B AgeA EotA Hude vEhd e Aol dA®
APAFE F3 HPr(K27E) EAWol= MtR#S] Aol #47F

AA U E oo BES AU dAsA K= A
7] wjzZell (Choe et al, 2017), ald Zt7]o] doz EdAWol &0
HPr3} o] & #g0o] ofd cognitive DNA-binding protein¥}2] A&
= MXgEs As 97l f8 MR EdWelet HPro

binding testZ %33} t}.

AdS 98l His tagel €% ok MtIR¥} MtIR(RIZM),
MtIR(D83A R92M RI117M) =<dHo] @A S AN 7| = dFE5
= a4

A 28R 1 metal affinity chromatography &

15 Sy

=

i

gl e

)«

77y Ak ThA] talon resinel AFAIATE 18]al tage]l §le
HPr& #FEdA7I= 55 AAstel 7131 AEE A cell
lysateE talon resin®] ZA3siA= AEe] ZF MURES &3 ZA3A
713 MtIRS elution®& w HPro| co-elution HE=x2 2139

.
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A3 A3 MtRe] £l A ¥ dxdolA = HPro] e &
kA Wk, okAlE MtIR¥ MtIR(R92M), MtR(D83A R92M R117M) =
Aol s WolE Aol BF HPro] o] veox= AL #
sttt (23 6). °1& &3l D83A, R92M, R11TM Edwlols =7
MtIR¥} HPrato] Fuzgolls 9&FS vAA Sethe AHdS &
AetAar wmebr] 2t mdwol s ol yed s ¥ 2

protein®] A& 24 Ao o3 AAL & F )

4. MtIR(R92M) EdHWolE A& in wivo
protein ligand fishing

A Z3 EAWo] dFFE 7FA| 3L cognitive DNA-binding protein
S 27 9 AES stk MtIR¥ cognitive DNA-binding
protein?¢] F3F 2ol FFS WA= Argd2 A7l EdWelE T}t
Aar 9= MR(R2ZM) EdMel= ok MtR¥} Hladls o
cognitive DNA-binding protein¥}¢] A= o] ¢kd Aot} whili
oA E MtIR¥} MtIR(R92M) &AW o] ZH7}tol His tags Eobw ©

7}

HAe FRAANE BFE ALt

¢

TFE Il T AX

—a-
&

il

=

7MA cell lysateE 7FA] 3L metal affinity chromatographyS ©]
in vivo protein ligand fishing 2 ¥ 3PS w HisMtIRY} &7
co-elution ¥ = @¥AESS A shd MIR(RIZM) =W olE AR
g Aol A opFE MRS AFEE thxatol Hs AHAA v
Gl 7 o] cognitive DNA-binding protein® 7} Al ©

pBR322 Zet~v|=s JAHS A dFE5 A oA s
MtIR W=7F yepuA] a5 AdddelAd= MR WE=7E v

e
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His- His- His-
HPr MtIR MtIR MtIR
crude WT R92M triple 1 2 3 4

=

RETRINNY

§
LRAL U R

i‘

— —— —

28 6. MtIR ¥ ol¢ HPrY binding test 23

Baite 2 A}-&3k ofAld HisMtIR (HisMtIR WT), HisMtIR(R92M)
EdWoe] (HisMtIR R92M), HisMtIR(D83A R92M RI117M) =W
o] (HisMtIR triple) ©¥ &3 HPr crudeE thExoo & HAo]Fl
lol &= HisMtRS 94 && dix, 20+ k¥ HisMtR, 390+
HisMtIR(R92M), 4°+= HisMtIR(D83A RI2M R117M)< Z}7Z}; bait

o7 Yu AP3 AdF9 elution productE ZHzZF Ao F=it)

M
M IR e

+—— HPr

- 2t et i



2 gAgt (29 7). vEAY A3 ofy g o] MtIR(RIZM)S
AFEEE Aol A o A vsgka zF gl Eoe] i gel HES
g @S FZ3ste] MALDI-TOF #41S& w7 ZA3y cognitive
DNA-binding protein®] 7}F4 #93 $HZ QseBil+= @S 3+

o

tlo o

okt

39t QseBE QseCet $HA| two component regulatory system
o] F+= @A R (Sperandio et al, 2002), DNA binding domain

ZFA1 L 9)7] W&ol cognitive DNA-binding protein®] %r&=#]
o

F7tz gkt

baitoZ MtIR crudeE ZdF= AdS 77 Agste Foz&

o F-5 wak gelstdvt. 22l bait®] ol xfelE HA baite] &

o wel co-elution® = Wl A o] Fo] DelAE=AE .

A3 A3 MURE baite = s AP A = MtIRY a4
glol QseB7F co-elution ©Z4 &1& & YA (¥ 8), QseB
baito 2 g AgeA= MtRe] YeEbA 4 e
ATk (L™ 9). MtIRS baite = st AP A 4 MRS ¥

0} O
1o

N
%0, mlm me

)

lanedl M %= QseB7F U4 AS 3 QseBE A4 22 talon

resindl E=tE S & F UM, MR QseBe= =7] #Fel 7t
wWol YA A9k SDS-page gel FolA 22 lanedl AS EF F

Tl BAtE AHAE A 5 Qv 283 QseBE
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a9 7. Metal affinity chromatographyZ ©]&3% in wvivo
protein ligand fishing Z 3}

kA3 HisMtIR  (HisMtIR  WT), HisMtIR(R92M) EdHo
(HisMtIR R92M)E Z}7Z} bait® % metal affinity chromatography &

_—

o] 83 /n wvo protein ligand fishing A3&8< z &gt 1=
pBR322E A AZAIZl 2=, 29+ pBR322-Pcrp HisMtIRS 2
3t Ad Tt 39 pBR322-Perp HisMtIR(R2M)S W3l s+= A

crudeE 7+7} AFE-3FA

rll
Z e

oot
M
lo
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baito 2 7233 23S FMdE MRY QseB7} F83] 5 o

Bolol= =78t MR W=7 v &2 Ao Hol MR

7} QseBE ZAdslA] o= 4 sy
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QseB His-
crude MtIR 1 2 3

- e

29 8. HisMtIR bait¥} QseB crudeZ A}-&3F binding
test 23

His tag ¥8 MtR¥} tag B8 A &S QseBe =L7] #o]E 3Hels}
71 918l HisMtIR¥ QseB crudes Zt7} tlxzwro=® ZAoj9la, 1
o= HisMtIRS 9% 22 dlxa, 29+ 125 ng9 HisMtIRE %
= Agd 301]% 250 ng9] HisMtIRS & A3 elution
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crude QseB 1 2 3
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B0 ) g

2% 9. HisQseB bait¥} MtIR crudeZ A}&3 binding

test 23}
His tag €3 QseB9} tag @l#] &2 MtIRY =ZL7] #olE Eels)

7] 93 HisQseB%t MtIR crude® 247 tjzioz AolFa, 1
=2 U

o &= HisQseBE YA && thx+, 2= 125 ng? HisQseBE 4
wo A9 elution

Ol

391+ 250 ngel HisQseB=

productE 7t7} Ao Flth
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IV.

MtIR o}
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dl 7} wf

T3+ cognitive DNA-binding protein©]
t} (Choe, unpublished). MtIRe] o}w]=AF 2+

T Aol

% Arg927} cognitive

+7]

A
1

Ell
)

N

=

R

FaL, 7k
A Tt

==

Ut 4 MtR-HPr 53419 +
Cl

DNA-binding protein}<2]

Fe ©
7]

31, wpEbA Asp®3, Arg92,
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A

= 47

e

v
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2Fg-ol
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Awoel7 A

=

Fo] Arg92¢] =

°

1

=

Pz

Hsts o

W

=)
T

0

)

Aot a5A W% pREc e

ZF
o} x|

-

R

7HA]

=

=

Ao w7

=

2 obuldbe] WlE WS

N o

b

oV

w}

A 2 Aol

2= Z71e] A7l 7)o A7)7F Aot
- 39 -

skel Aglsl wojx) 7] wEo
B Al EFe ol 7)o



= skt

94 Asp83< alanine® & X3 =], Asp83e #7]E= MR
Fo wpRFor 5o glof SdNolE dodetE Fxd
FFol Ao fuvka B Atk weEbd HEd I7E VA=
aspartates &TA W7E JHAHA 7] @A77 b &
alanine & 2 XA Zth WFA Arg92, Argll7S vlz7A 2 X4
24715 7FA A7 alanine®] ©FY methionine . 2 X $HA| Z =], ]
T ZA717F Asp83el mls| MtIR Aol © 7h7kol EAet7] wi
o} Arg92, Argll7S vlE7MAE alaninel ® X A ZITHH 3}
Aol ZdEkxA7] o] AEAE3lE  cognitive DNA-binding
protein®] zt7]eke] A o] ofefA= B37F YEFUAARE MR
o FxE5 FASE MR wi-o th& driete] Jszhd e oFsA
A ool® Qlaf R F¥¥E WA g Utk waA A 7] 5
ANM= Zk7]e] A7]7b arginine¥} 7Hd frAkskel MtIRe] 3o
S d nE FAog AZbE = methionine 2 X 8HA] 7 o},

D83A, R92M, RII7TM &EHAWo] o]fo|% cognitive DNA-
binding protein¥} © # ZA3E 7tedo] dota AAdEHE AW
ol WFE7] 8] Aspl32 glutamate®, Arg92, Argll7< Z}zt
lysineo.2 EdWolE o7 D8E, RI2K, RII7TE =¥ #F%
A Zfsto] mpz7tA 2 o H B WA Ao WEE gels

AAT foln @ w@W WHE BReA Ao

N
yo 2
rlo

o
fr oox
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2. In vivo protein ligand fishingS 3] <13k
cognitive DNA-binding protein ¥ X
AgE #F F fvE ARE wgd REM EdWlE 3

iy
F
!
-
s
—



o
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rl

= #FE 7}A 3l cognitive DNA-binding proteing A H A o &

A7) A% A¥e AASYn, 1 FRIOE QseBTE tw

p!
o

e

component regulatory system® response regulator &2 3+

=

WmaAs 2SS 4 A(Y. Two component regulatory system< A=

A7F oFo] A= A2t 1o Hhgele] Ay A4S 24T
T UEE dF= 71Fo®E (Stock et al, 2000), EAHS A A=
7+ 218+ membrane-bound histidine kinase®t A3 & Hgyko}

o
FAAe] WwdS ZH3FE response regulator® A E o] Qlth
(Mascher et al., 2006). QseB+= histidine kinase?l QseC2} 3H7
two component regulatory system< ©]F 3, quorum sensing¥ ¥
de 7]5E ot AeE d#A At} (Sperandio et al., 2002).
Response regulator:= X% histidine kinaseol &3 <4715 A
Gtolofnt 75 7] Wil QseB7t Ao ® TEE A= &
S Aoz AZAANE oA 3T cognitive DNA-binding
proteine Z7] 93 A A% QseB7} FHTOZ YL FHo] 9l
7] wiiEol MtIR¥ QseB7F Agtet=A &elatr] s Ads X3
39Tl Binding test® YybA oz T owlza = S AA s

2 duge JuEAg AX

rl

A< talon resinol ZAAI 7] cell lysateE: SHF I

2

cell lysated]l E°1J™ TWlHo] co-elution ¥+=A] FAsh=
o2 zegstr}, o]u] MtIRS 21.99 kDa, QseB+= 24.68 kDal =
2ol 7k Aol A ¢kolA binding testE dFHEFE co-elution
o5 gRlstA] XT JheAel AAnh shAINE dui s
DS-page geldl ZAol#H & dof @uldo] w= #Hatd wa} SDS7F
Aol zol7k AA AL 719 E f1A e W=rt U

, His tagell oJaix = =7|7} AA7] wjEel FE5¥o] B
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A% Avs 29, Ao @ MHRY QseBy AsA &e 2
o8 "t =A7E vwdr] Y8 binding testdt A&y T
xz o2 ZdojF bait¥} crudedl Al zZ} @A ol $1xE Felsn
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2715 Argl7, Lys27, Serd6, Leud7, Phed8= o] Z7]5<& MtIR%}
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Abstract

Carbon catabolite repression (CCR) is the regulatory mechanism
of consuming a preferred sugar before a less—preferred sugar
when two or more carbon sources exist in the environment,
through the inhibition of expression or activity of proteins
required for the transport and metabolism of a less-preferred
sugar in the presence of a preferred sugar. In most bacteria, the
phosphoenolpyruvate:sugar  phosphotransferase  system (PTS)
transports various sugars and is involved in the preference of
PTS sugars over non—-PTS sugars. For example, the PTS sugar
glucose is preferred to the non-PTS sugar lactose and this CCR
is regulated by the phosphorylation state of the glucose specific
PTS component EIIA“",

Our group revealed that CCR is also observed between glucose
and mannitol, which are both PTS sugars, and the general PTS
component HPr is involved in this mechanism, different from
CCR between glucose and lactose. HPr 1is dephosphorylated
differently when transporting glucose and lactose although they
are both PTS sugars, so when glucose is present, many
dephosphorylated HPr binds to the mannitol operon repressor
MtIR, repressing the expression of the mannitol operon.

Since MtIR and HPr both do not have a DNA-binding domain,
we thought that a cognitive DNA-binding protein is required for
the MtIR-HPr complex to regulate the mannitol operon. First, we
solved the crystal structure of the MtIR-HPr complex to gain

structural insight. We selected three amino acid residues of MtIR
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that were thought to be important in the interaction with the
cognitive DNA-binding protein. Mutant strains with a mutation
in each of the three residues were used to confirm the
expression level of the mannitol operon and the growth of these
strains were also measured. From these experiments, the Arg92
residue was seen to play an important role in the interaction.
Based on this finding, we then used mutant MtIR to find a
cognitive DNA-binding protein and found the candidate QseB.

Keyword: Carbon catabolite repression, MtIR, HPr, cognitive

DNA-binding protein
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