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Abstract

One of the better-characterized transcription factor of E. coli is the cAMP receptor protein(CRP) and the CRP binds
cAMP and DNA. The cAMP-CRP complex is involved in regulation of many genes at bacteria. The cAMP-CRP regula-
tory element represents, in some respects, a global regulatory network. The aim of this work was to study the struc-
ture and the mechanisms controlling the expression of CRP in Serratia marcescens. We have been get 5 different clones
from Serratia which stimulated the cells to use maltose as a sole carbon source in E. coli TP2139. The crp gene clone,
pCKB12, was confirmed by Southern hybridization with E. coli crp gene. The location of the crp gene was determined
by constructing subclones carrying various portions of pCKB12. To investigate the potential role of CRP in E. col,
lacZ fused plasmids were constructed and investigated the A-galactosidase activity of the fused plasmid. The Servatia
marcescens cAMP receptor protein can substitute the E. coli CRP in transcriptional activation at the lacZ gene. These
results suggest that Serratia marcescens cAMP receptor protein complex functions to regulate several promoters in E.
cols.
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N- 29 99 Bsheet 727} HEE cAMP ¥ 5L
A, C-oE GHL thelix TRE o]FojA glow
DNASH d¥shs 990t &, CRP & cAMPS} A3l
cAMP-CRP$} 53A|E FAHFo2A DNAY 2% +
NI, 112 ¢13k positive £ negativedt HAF Z-UA
Z2A e dAde] A KHAY 5% olie] o] =
AR Aojdlel & Aoz A= AN, F2 Al
AE ¥ FE3o ofu|At hAMA, At A 2 o @R
34 o Addte B 329 cAMP-CRP E34 &
Aol o dEzd Aol F delA JUrkeY ofg} o
CRP &4 #4A9 promoter’} cAMP-CRP £33 0]
93 3 == JAHE FExY 4 B g2 d7
7} o]FoA gich* wd CRP Wol7b =9d WA
MK2001(crp™, cya i km) B 452 AHESlo] cAMP &
cGMP7t ol® mal FAAE] LHE FHAE FA4
Z, sfs(sugar fermentation stimulation) +%& 2243}
AL, °1F shlF sfd A CRPHY AY Y o
cAMP-CRPel| & HAt 28 & #1g 23 cAMP-CRPY|
g% ANzES T o] A Atk
Serratia= gram-negative enteric soil bacterium &2,
chitinase® 443t HEAd HHE AT fungal
pathogen®]} plant parasitic nematodes®] AX¥ FA4E
A9 chiting FHAIA plant disease?] LA FAAA
FAY, chiting F33e 7|Edte 22 JIF S TEE
AR FreT o B GHAUL, olHE HE ol &3
A & FAFEE 2 ST vt 3 FEn
Ae ARo|th2220) wgt thafgt MA 9] Aol biosur-
factants, fatty acid 2 flavors 58] 927} 242 A4
e Aoz A ded olES WF ANAAT T
277 S3EE RHeR e 8% 257 2 Aol
o} o]AY AdH o F4% EA A o8 H F gle
Serratia®1 A ] AAIRA FAAR] op AP Bt
24 99 oF + B fraxe] $HxE FIE R
AFE FAxe EXNE BANEHH O AT, o]y
3 AAZA A% F42H9 A4 2 systemS 9
€ AL FEEEY F ANAA o) AT 3
&g 3 o2 ARHM, CRPY 22 MAZRE g
& )3 speciesoll A A& ¥ darjo] HAsirh
gEbA B AT, ATdlA Fad 2PAREA 243

264 / A 837

T op FAAL AR 2 T FFANT BEF goenz,
A2 species? Serratiadl A orp FAAE F2Y3Y
cAMP-CRPd| &t wdxd d4E& EAFA &4 %
3 Bz g,

HENE Y
1.ABZF 4 plasmid
2 dYd] A3 #3539 plasmidi= Table 19 WeRY
Aok 759 duky FAE 93l LBE A3 on,
plasmid7t =€ & AT VA ¥=& Hrtstn
Hj gt At

2. ARBAIY & R

A|FA %, T4 DNA ligase, LA PCR kit, Ladderman di-
deoxy sequencing kit™ Takara A}¢] A%E, Prime-a-
gene-labelling system¥ WAMso] EA| ¥ [232P] dCTP,
Jet sorbv= Genomedol, C.IP(alkaline phosphatase),
PTG, Wizard Miniprep DNA purification system+ Pro-
megaclX TY3IHI, Genomic-tipl00/G% Genomic
DNA buffer set QiagenlA, cAMP, ONPG, Ampicillin,
X-gal, X-ray film 5 7|¢} o8] A|FEL Sigma At &

Table 1. Bacterial strains and plasmid.

strans & plasmid genotype
STRAINS
W3110 wild type
TP2010 deya, dlac
TP2139 Aerp, dlac
Serratia marcense
KTCC 2172
PLASMIDS
pBluescript KS(+)  Amp*
pMS437C lacZ, Amp*
pLDC6 gipD-lacZ fused plasmid
pLDC6A crp, glpD-lacZ fused plasmid
pLDC6-Scrp crp, gipD-lacZ fused plasmid
pCKB12 crp, Amp’




Serratia marcescensS)A cAMP receptor protein(CRP) #Azte] 249 € 34

AFA FUE EFEFS e 2 d ¥ Ss
o|& Bio-rad A} protein assay kitE A3tk

3. oy REXS Exf gol % 22

dgwdy 229 HolA Ue ap FAAE probeE
AHE-3t5ich. probe S A3t F7IM A0l LA 3
£ op7t FAR F2YGY FolA 930bpE B& F UE
PCR& primerE the# #o] A3t AH-8IAT.

P1; 5-TGCTACTCCA CTGCGTCAAT TTTCCTGACA
3

P2 5-TAACGAGTGC CGTAAACGAC GATGGTT-
TTA CCG3’

PCR 432 LA PCR kitE AH&-3te] 94CalA 302 |
A, 54CAA 3027 A2 & 72CoM 183 FAAE
vh2-& 308 W23tk Servatia marcescens TTE F-H
E#AAE chromosomal DNAE A$aiz Hod
DNAE A71%9%3l9 Southern transfer A7l filterg Sou-
thern hybridization & o83 EAFTE &t
AGg A719 AFas BHE dof W oA FY AF
AL E U9 genomic DNAS Ad3ly #2 A7] F19
old] ¢ JH7AE X33 DNA bandE 38t A
t}. 34 ¥ DNAE pBluescript KS(+) vectorol, &
L A ELE AGAAAN CLP HE 3} ligation A7 F,
genomic libraryE cp F5% 3T TP21399] &3
=9lgc} tiAT TP2139+ MacConkey HiX)9) maltose
Z Z83 o143A F3la white FEUE AT
g2ty op FAALY BHo| 9§ maltose 0|82 e
e A4 gzug dugt 44d FJ4 ZEdde
maltose AIRE FAE EA4F oz dojd A
g2UdN Zgkan|= DNAE #28t FY& probe
DNAZA Southern hybridizationd AA13}e] G40 1}
thies Zgkar =g Ao Y1 7] 5& ARt 224
gt

f

i

o
T

4. Genome % plasmid DNA2S| 22|X x|

Serratia marcescensO) A genomic DNA #2]& Qiagen]
kits AHEste] #2 ARG F, g s s
o 50mM EDTA, 50mM Tris-HCl pH 8.09] @3},
A AL EE -80CHAN 3087 52 F lysozyme €4S

anl7he 3 Aol 4587 BAF AEAA kitd AH
F3lo] v]BH EL $£E9 DNAE AL

Sequencing 2 7|E} 43z} AxF A¥E A% plasmid
DNA 22+ Promega®l Wizard miniprep B4 kitZ &
g3t FH| A

5. §AEN £Y

B-galactosidase E4& 0.2% casamino acids$+ ampici-
lin(504g/ml) & A7k & M9 iAol A Miller] 2.
2 2439}, Amylomaltase®} maltodextrin phosphory-
lased] BAEAE Z2A&7] 948l 1% maltose, 0.2%
casamino acids®} ampicillin(504g//n8) & H715H iAo
A #5FZ w3k Amylomaltases Wiesmeyer$}t Co-
hen?] W27 maltodextrin phosphorylase + Helmreich
9} Corie] el E3t 247 glucose$t glucose-1-pho-
sphate 7} A 5= Y& spectrophotometer 24 & F3}%
t}.

6. Southern hybridization

2g ZAd G430 DNAE 0.7% agarose geldl 719
F3tel A% DNAEZ U3 F 6971 U4 ARELE
AHgEte) Rt gl #3lE DNAE 0.7% agarose
gel Ar)9Eoz el Ao WA T3 AHE A H
o nylon membrane®l %% %<t Southern transferdt
t}2? Probe DNAYE €24 HoAA v didT op
Aol 97 E o] 4% primerE FAE PCRE 5F
A%l DNAE AH8-34th.

7. 8% FNA MY Y op REX LH TH gl

Operon fusion vector pMS437Cel gipDe] ZHIAH S
A A1Z fusion plasmidE dlac #5¢] WA TP20109
L¢3l MacConkey, lactose #{Z|olA] A ¥E red co-
lonyE A3l DNAE RE3ty 45D EfF2
A fusion plasmid®] 24 <58 Q& Fusion pla-
smid7} AAHE F29E op FHA FHE AN A
2% plasmidE 243t TP2010(4cya, dlac), TP2139
(4erp) 59 genetic background’} TH& & #5o] £¢Y
A1A cAMP AEAl¢k PR A 2802 cAMP-CRP

9% B3 2AE WA A1E Agalactosidase A ¥
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8. Western blotting

lacZz §¥E}2| =7 24E FFE LB WA v
o ZF3le A& pellet® TME buffer(50mM Tris-HCl,
10mM MgCl,, 1mM EDTA)9| #EAIA, 4T, 30 27t 5
3 sonicationd}e] 11,000Xg, 4TColA 20 ¥3F J4F
gate] 45HL crude extract2A AATh Ao crude
extract] SDS sample bufferg 7}3l9] 100T 94 5 £3F
7148 sampled 10% SDS-polyacrylamide gel 24 Lae-
mmli®] W2 H7FEHA

Immunoblot analysise 4719 WY 22 SDS-PAGEE
A8t Towbing W'E°¥ 28 Nylon membrane ZEe|
blotting3t$lth. 0.5% BSAZA blocking 217! ¥, 14 &
A9 anti-A-galactosidases WHEAIZ ¥ 53 AlFstz, 2
2 3A12] HRPO-IgG conjugate® ¥H3-A1HA] 53] A3
ol & Nk A7) NeHA g2 78] F44
AT 28WL Sambrook ef ol T EFAY g
Saipilad

EERL g iy

1. op TR 224

Serratia marcescensS W3l E4A DNAS HFE g
gt A3 B2 AAE DNAE 697] 4 Agas
5~6%< Adslal G454 DNAS £33t transfer A1
membrane® WAT orp AR FY& PCRYESLE FFA
#HAX Aol probe DNAZ S YA Z labelling® Ao2
hybridization& 4184 THFig. 1). 2L A3 B8 signal&
743 band7t A A 2 ToNM dEb, 2 FolA dd W
24 gp FAR AAGGS TRAE AR FEE I
712 94863k FE), @Y W=29E signald 71
autoradiogram Z#}E H&FE BamHI1 A A9 A
g d%(lane 1)& 2299 °l&3t genome libraryE
A3sgh oA AFEL BamH 1 22 ThE] genomic
DNAE Al 3kb 27] F89 ol 9 97HAE X
3% DNA bandE 3|4+3te] ZAE DNAE pBluescript
KS(+) 224 WHd 2 AFEAZ FDAAA CLP
Ae¥ DNA%} ligation A7 A& dp TFA AT
TP2139 &5 =Yg

266 / A 383 A

38 AT - 38

Fig. 1. Southern blot hybridization of enzyme-digested
total DNA.
Lanes : B s BamHI, E EcoRI, M size marker,
H : Hindll, K ; Kpnl, P ; Pstl, S5 Sacl.

i3 TP2139(4rp, Alac)E MacConkey HRZ|oIA
maltoseZ ©AYgo 8 FE3] o]88x] X3 white co-
lonyE A3, op FHA EE maltose HAHRE 3
A2 =YAFH red colony7t AAH Rt 3719 Y
o2 3NE FAARA o A F= colonyA 5F
9 red colonyE AR (Table. 2). Wetx FojR 28
S0 maltose WAIRE FA L op FAATT RS
RAog dAsoAng ALHY AYE Tt UK
th. 2 22014 miniprepL 8 £ ¥ DNAE 71953
o transfer® ¥, AT op A2 F9E probed 3o
hybridization®& A3 cH(Fig. 2). 1 A3 pCKB12E
g ZEol B signal& UERNO] Servatia sp.o crp
H34 2oz Adsin A4E AAFE ek @
B, YA 4702 §& FolA pCKB 13, 15 B 172 ma-
ltose ©]go] ¢ Zse A red colony & EHoH,
pCKB 11& ok Ho|gleh. ©]E FolE maltose hAIRH
£34<% malP(maltodextrin phosphorylase) 2 malQ
(amylomaltase) 9] E4E 238 §44 % maltose
A g FAAY FHsAe] Eokd ASAL H 480l
a3



Serratia marcescens®1™ cAMP receptor protein(CRP) #-34&e] 224 2 84

Table 2. The recombinant plasmids containing cloned

genes
Plasmids Insert Cloning TP2139 Gene
(kb) site (dlac, 4rp) Name
pBlue seript(KS+) Mal-
pCKB12 2.9 BamHI Mal++ o
pCKB11 30 BamHI Mal+ ?
pCKB13 2.0 BamHI Mal++ ?
pCKB15 29 BamHI Mal++ ?
pCKB17 2.7 BamHI Malt++ ?

Fermentation response were observed on MacConkey
agar plates containing 1% of maltose, after 20 hrs incu-
bation at 37C.

121U 161

Fig. 2. Southern blot hybridization of plasmid DNA
from the Servatia marcescens.

Samples were digested with BamHI(B) and PstI
(P). The digested DNA were separated on 0.7 %
agarose gel and transfered cellulonitrate memb-
rane. The DNA was hybridized with probe DNA
labeled by @P** dCTP. Lanes : 1 : pCKB11, 2
pCKB11/B, 3;pCKB11/P, 4;pCKB12, 5
pCKB12/B, 6 pCKB12/P, 7;pCKB13, 8:
pCKB13/B, 9 ; pCKB13/P, 10, 17 ; size marker,
115 pCKB15, 12 5 pCKB15/B, 13 ; pCKB15/P,
14 : pCKB17, 15 : pCKB17/B, 16 ; pCKB17/P.

2. REXE subcloning

2298 op AR 49 & ZF3E SefAmE pCKB
129] DNAE #2l3ld Adast =g 2A4slo Fig. 390
Yepidoh 2329 FzAon dEzd AL 93}
o Fd &AL dHE A= FEOZ subcloningd A3}
Ak, ATEA Sacl-BamHI B399 1.5kbE FAEAIAM
Az DNA pCKB12SE F4d3te tiadd TP21399] =
Y2171 A3 MacConkey, maltose Bj#loll 4 white F2U
g AN o] 9L op FHAY GRIL AL HY
& YAt e AREFY Hinell 998 A
A7l AZ¥ DNA pCKB12HE ZAste FY wjoe
HAHAE AA A9 colonys 238 red 2EUE A4}
o, op FAAY FERHEAR ARI EXFRe AAE Y
gon, o 1kbE %4A7] subclones AU

3. lacz2}o| 88 FUX 24

erp FRATE cAMP-CRPY 98 ojm gt BHFHE W
©A, CRP7} in vivo FIA o1RA 2 HeAE ZAR}
14§ A2 AL T A 4PS s

A lacZ9%e] €% FHAE F531R gpDe] Y
o] ¥#¥ pHKCO'W A 0.3kb9] BamHI-Bglll ©HE
353t §34 WEQ pMS437CY BamHI siteo] 43
ANA gipD-lacZ &8 EB20|E pLDC6S A4 op
T HEE 3R NAdH Serratia marcescens
o op FAA GHol T Eekv|=9] pHAS 2 pCKB
12904 BamHI ©#HSl 3.9kb, 3.0kb4 DNAS @7 3
3t pLDC6 HUAA AZFAZ] A0 E pLDC6
A % pLDC6-ScrpE ZH43tgith T3t Algtate] Ao
Z cloning #¥ F5& HUsL(Fig 4), @7uigs 2
At A AAHA=AE A gk

=

4. cop FHKI2 W G cAMPO|| 2|8 UHTH

Serratia marcescens®] crp FAAZL WATANA cAMP-
CRP B#AE ¥4 sl AR #AAdse=xg &9
&2A}, dorp w5 2 deya EFQ AT TP21399) TP
2010 €37 op FAHAZE HHHA AZFAIZ pLDCA
4 pLDC6-Scrp® E=YEAT Eetan=r) 2 dd #F3S
cAMP 2] % WAz 2deA mstel Bgalactosidase
84E 33, op FAATE cAMPO A% oW 3wy
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fFE - AHA - 228 - 35D - 349

B H P P D D s PA P P B '
pCKB12 L L Ll Il Ll ] L)  Mal /TP2139

B S .
pCKB12S i Mal/TP2139

D B
pCKB12H L ) Mal /TP2139
crp ORF x1

Fig. 3. Physical map of DNA fragments from Serratia marcescens cloned in plasmid.

The iniation site and tranlation of ¢7p is indicated by the thick arrow. Maltose fementation response were

observed on MacConkey agar plates containing 1% of maltose, after 20 hrs incubation at 37C.
Abbrevations - B3 BamH 1, E5 EcoRI, H; Hindlll, P; Pst1, S5 Sacl, A3 Accl, D Hincll

crp
. trp lac E
pLDC6 (- T ] I
-
glpED
B cr B tr lac B
pLDC6 A 1 r—'E'I T E I 1 I
-
glpED
B crp B trp lac B
pLDC6 -Scrp | —3 1 I 1 I
-
glpE D

Fig. 4. Map of the plasmid carrying gipD-lacZ fusion.

Abbrevations : B+ BamH 1, E3 EcoR1, S3Smal, D Hincll

Z2A& LEAE 9 HHTable 3). L A Servatia
2 gAY op KA HE @ FFAME BT F
%9 8 _galactosidase &A1& Ve drp TF TP2139
o) pLDC6-Scrp7t EYE Fol & pLDC6 Bt 49 B =
9] B-galactosidase B0 ¥k, cAMP ImM < A2jshd
28 o9 B4 F7HE JERth EF TP2010 #F
e pLDC6S EYETt op FHAE BHEA A=A
71 plDC6A % pLDC6-SapE E=YTF  TF

268 / A4 33 x|

cAMPE A3 FAA cAMP APaHt A UeeE
H, ol& ep FAAIL LA 93te] cAMPY] HAF £
A} A e ¥ES BoF FAdolth. cAMPZ} A
=7 gtem Bk cAMP7F 12 & B-galactosidase
o] 1mMIIAET L ooz Az HolFozA o
20 ¥ AY AolE HEFUL oite] AFHZE Kol
Servatia®) crp FAAE AT SEEOEAM YA
AA 9 FAAGY HEg £F9 Fd AHE RHAFYL,



Serratia marcescensIX cAMP receptor protein(CRP) #3412 24 2 34

Table. 3. Effects of ¢rp gene on expression of glpD-lacZ fused gene

Host Agal activity(Unit)* Efficiency®(% )
. Plasmids 0 1 2 1 2
Strain

(mM cAMP) (mM cAMP)
TP2139(derp, Mlac) pLDC6 560 1606 580 119 104
TP2139(derp, dlac) pLDC6-Scrp 2110 4380 5423 208 257
TP2139(4erp, Aac) pLDC6-A 2160 4680 5610 217 260
TP2010(4cya, dlac) pLDC6 590 2240 2890 380 490
TP2010(4cya, 4dlac) pLDC6-Scrp 640 2670 3580 417 560
TP2010(4cya, ac) pLDC6-A 650 2780 3760 430 578

a. One unit is defined as 103 X 0OD420/[0.5(0D610) X reaction time(min) Xsample vol.(m{)].
b. Relative enzyme activity with that in the abscence of cAMP taken as 100.

1 2.3 4 5 6 7

123 45467

— N e,

Fig. 5. SDS-polyacrylamide gel electrophoretic patterns
showing expression of gipD-lacZ fusion by crp
gene in E. coli.

12.5% SDS polyacrylamide gel was stained with
Coomassie blue(A) and Western blot(B). Lanes
. 1; size marker(bovine albumin ; 66,000 Da,
egg albumin ; 45,000 Da, carbonic anhydrase :
29,000 Da, trypsin inhibitor + 20,100 Da and
lactoalbumin 5 14,200 Da), 2 pLDC6A, 3
pLDC6A/1mM cAMP, 4 ;pLDC6-Scrp, 5
pLDC6-Scrp/1 mM cAMP, 6 ; pLDC6, 7 ; pLDC
6/1 mM cAMP.

M

o BN

3

)

A 71k df vsd A ¢ F AU

=3 HAHHE lacZ AR AEAYARE U 3 B
23 29 AL 12.5% SDS-polyacrylamide gel %171
53l Western blotting®l] <3 ©ild 44 &l Al
£ A9E Fig 59 Jehidh

olr

e

I‘

off
o

Fig. 5914 B& Hie} o] pLDC6°] =Y TP2139¢)
Ne cAMP AHEol9 § A.galactosidased] YAHZHE &
F  gisleH, pLDC6-Scrpol =%4¥ TP21399AM=
cAMP7} 748 A7} nl A FA MR ol B2 A
AL BoF = Bgalactosidase?) bandE £ & ¢od,
ol AAEA Y Ao & YAHAL. EF WFEY op
FAA7 #@EA B3 pLDC6A ARF Eean o
AE Hl& cAMPY EH7} Ukt o4 4¥ AR
oM 2249 € op FAAY B 8t jgcZ FAA
o] cAMPI 9J3te] W 2AS ¥u e AL 9
agirt.

]9} o] cAMP-CRPY <3 B4 =4 A& oS &
Ast7] et F2HF KA 1232 A, =YY
of gl CRP 2349 &A% 2 op #47 autore-
gulation ¥ cAMPol 9|t WaAZH 9] BAY HAZAET]F
7t B o Aok & Flolrk

2 o

AAzARJIAEA & L2l U cAMP receptor pro-
tein(CRP)2 cAMP ¢} DNA°] ZA¥sh= 5d3 84%
7}X 2 gle8 cAMP-CRP complex® #Adt 8L &
o] Sz Bogith olgg FHA cAMP-CRP
o] 248 od HolN FAH z@AALLAA Bk B
AT Serratia TFAN op HHAY BAF BEA L
cAMPY) o%t LHzAH g M EVITE AR §
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AAg 2298 Tdg s

MacConkey BiAJolM maltoseS ©iPoE FH#3] o
L3 Rahe ot TP2139(4yp, dlac) & 552 o4
313, G4 DNAE library® ZAste] 4 YAAEA
o duirlel F2UM red colonyE UEME 5%F 9
P 28 I olE S8 Southern WHLE Fel
& A3} 3kbel ©HE 713 pCKB128E9| cp FAAE
coding3ti U&E ENEATh

gpD-lacZ €% plasmid? pLDC69 BamHIF-9 ol
pCKB129¢] 3kb TH& 447 A2 plasmid pLDC

6-ScrpE A3k, 2299 Serratiad crp FAA AR
oM fAz AR wRe 9T BA A
cAMP-CRP B3 Ao 98 #Artzd 7)50] g1l
Aok

A =

e o

0] L] N g

1996 % =& ATAGY FRAA A7
Hlg ooty @ FEHYUoH, olo] FA=PYr}
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