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Abstract

The gipD gene encoding gly-3-p dehydrogenase is essential for the aerobic growth of E. coli on glycerol or gly-3-
p- The glpE gene, the function of which is unknown, is transcribed divergently with respect to glpD gene. Expression
of the adjacent but divergently transcribed gipD and gipE genes is positively regulated by the cAMP-CRP complex.

In this study, for a precise investigation of the functional elements in the regulatory region for transcription activa-
tion by cCAMP-CRP, deletion mutation have been introducted into the regulatory region.

The effect of the deletion mutant on transcriptional regulation was tested i vivo by B-galctosidase activity. Deletion
mutants in the regulatory region of gipD demonstrated that the presence of the CRP-binding site resulted in an sixfold
increase in promoter activity. And also deletion mutants of gIpE gene demonstrated that the presence of the CRP-bin-
ding site resulted in an eightfold increase in promoter activity.

Insertion of 22 bp oligomer in the deletion mutants has shown that the CRP binding site is need for maximal exp-
ression of gipD and gIpE genes.
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gipD% ghpE F2AY 2H49Y A&7t Atz nAe 4%

Ftol) gipDS} gipD G G0l clonedt HAHA 13127}
gegon, fAxe zAGYl AM=HAHL gpDs
gpE T fAxel 24998 121bpe UES T3 9F
3 omA Aoz AatslolAn o]F AR FF
ZAYYelle 4540 ¥ CRP AFH Y/} EA =t
o= gel shift assay9} DNase I foot printing A&l
d3to] Aol A, whebA cAMP-CRP &3H#7} ol& F
FAAY 2HGF Afsle FHUE F 2P S &
A%k v} Qlck 3 o] fU3 CRP AYF-$47} gipDs} glpE
FAA] AALE FREe 2E 24 d@4T BHWg.

Cyclic AMP receptor protein(CRP)= cAMPS} 2 %3}
| cAMP-CRP 5349} #4o2 dA8A £ AAIA
9 715E 71 2AUAEZA AE3T o] 2AUAAY A
o] dtolle FhALAIE ¥R 8t ofu|:eat hAMA, Shail
4 2 G4 dAA Sl Beddhe £ES $AA7) A4
3 & Aol #ojdhe Aoz dA Ax, hFHe
AR FHA 5% o]l EAzle AT FAHAR
Ao cAMPS} 8¢ B2 Qe A0R AF7X w3
AAZE G A T3] dRolg .

gipDS} gpE Az 28 9ol X3+ Crp AE
P9 T2E HolAA motifE FAOZE § AFRI}
Azl vAe S Bpon, E3 cAMPY 9
AL 249EE 2AE22A 17049 CRP AFgol
o3 Aoz AAEE F RAATL FA AAL 2E S
Be Sold 24 Fed oF HAF RAVITFE ofdEin

Table 1. Bacterial strains and plasmids

A A o) g 72 £R8h= 5TGTGA 3'9 T
Z gist] 9% 4d x4 Hsle] Y-S CRP AF 399
T2 o3 A FAFo A o] motife F
84 9 CRPY| 93 AAL 20 wiAe o] & Rog
et 23 gpDel AAL AANEH CRP AFEY
Atololl oligomer Atloll & thre] WolE Y% Ade
Az W7ol 23 DNAS helix-turn®] $AE FHHo
cAMP| ojgt TEzA A JFL vHe Aoz
Ve TR, ,

g2t B AF7E gpDY gpES) 24 49 A Wo]
F& 439 74249 promoter ¥Ald WA Fo¥ 2
H 99 98 ZAsn, $4¥ CRP 2 799 3%
<GS AANA gpD} gipE FAe] AAL 2A #o
8= CRPe) 9&S #ldigdh

BT

=3 4 plasmid

B A4Yd AMES TF9 FeAu|EE Table 191 el
WAtk ZE 75 H2mMA(M) 9 LB v A 3713
zaoz Wk Egtan el =YE #FE Ampi-
cillin(50pug/mé) & H7bste] vl gatdct,

X§=%} DNA techniques
Plasmid DNAT Bimboim and Doly¢| %24 23}

Strains Genotype Source

Strains

MC 4100 araD 139, lac(IPOZYA), StrA, thi Casadaban

TP 2010 xyl, cya, argH, lacX 74, recA, ilv, Sl Tnl0 Danchin

JM 109 recAl, lac-pro, endAl, gyrA 96, thil, hsdR17 Yanish-Perron
supE44, relAl, F'traD36, proAB, laclg-ZM15

Plasmids

pMS437C trbBA, lacZ (15)

pHKCO gipD, E, Amp’ (13)

pUC18 Amp Yanish-Perron
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of EEson, A 54 X, ¥4 A, agarose gel )
A7) 9%¥ 2 7t A2 DNA techniquers EFWES
AHE3HATHY. Plasmid DNAE CsClol 98 294 £
Hog AAg A3t 5% DNAY ©9He zAE
A BLZ HIEM 0.6% low melting agarose gel
A7) 5 3o e dWL 35 AA s ARy
=3

=HHO|IF| By

gipD% gipE?] promoter FH L EHF XYL ¢
23t gipD} gIpE 57} cloning Ho1A e pls-
mid pHKCO” 2%-E &4 DNAE CsCl 294 £ i
o2 R o|EEHH FHYYo| EAs BemHI-
Bgll®] 312 bp9] BHE D] AAS ded 2499
¢ DNAE pUCI89] cloning3t] 4H¢] ©H o) el 9 =
uaro] 2] 49 cloned AFAA A Foz gl
o A& WolFy ARE A3

Z24 g9 ZA&d wolo AL Pyl Xbald) A
542 AYd X% DNAE Takararhe) deletion kitS Al
£3 Exolll-Mungbean nuclease®] 93+ 2&¥0lE8 f2
Feh ol Z cloned F7IMlEe} AAo 93l ALd
AEe YA E 3T A¢E HWolFE CRP 2HF Y71
gD R B9 YEAM BHA HE, 5TGTGA3 motif’t 3
Z ke 9% 257 A4¥ U HolF, promoterd
dE JF9 A&, operator NE L wlolF T oy
59 HolZ f=dgT: 3 CRP AR Y YR &
= A57t AEHAR v MolFo] CRP 35 #{F Y
oligomer(5™-AAA TGTGA TCTAGA TCACA TTT-3") 22
bpE AYAIH

Ho|Fe| 7| uiE 2

4719149 deletion mutants ¥ CRP ¥ 3% vjgel
A4 ¥l 52 Dideoxy chain termination ¥l
o3te] Hol7} dojtk ¥E-& 7] wjd AP 2A ¥
B4t

H0|F2t Lac ZEB plasmid ZHA 3 WE TH

A= o) W WolFo M LacZ fAA9e] §3 plasmidS
24312 DNAS % 23 23 999 o 0.3kb
o] DHE Smal-Hindll2 AD3T blunt enddt A)AA

164/ 43323 A

lacZ9}2] 3% vectorl pMS437C'>'9 ligation A7 %
ANlac 259 7 MC4100, TP2010 Fo ¥d #@
A1 ¥ MacConkey ¥ 2ol A] Lac*9] red colonyE 4%
g}, A clone® ZHE DNAZ Hezlsld Astiiz
A 9 #2795 AN gpE-lacZ T glpD-lacZ fu-
sion plasmid7t Z3¥ A& FA3tHe,

A4 lacZ &% plasmide Aced FF TP20109)
EUAA cAMPE A H7F T wH7IAA i
#F oA B-galactosidaseE ZH 024 cAMP-CRPY] =

< e fAEAY 2HzES ZA3YY Miller 59
W19 02 Bgalactosidase B4 £33 oM, B-galac-
tosidase #42 0.2% casamino acids®} 50ug/mé ampi-
cilling H7H M9 Wil A F43k]ch.

= il = T |

2k

glpD2| =H Ao HE 3l CRP 35 tig &Y

gpDst E A 23 9o 1709 CRP 299 Y
of EA3M ol F {FHAE oz AAlH R,
F fHA 257t cAMP-CRP E&30] 93t} FAlo] A
AF ZREojAgR0 fAzte) HAL 2 -] w9
S AR A 2AAY A& WolF AL ghES
D9 promoter® ¥ ¥ 23 44 DNAE CsCl A&
o2 ¢4 REsn oEEZYH BamHI-Bglld 312
bpe] ©HE 4.5% polyacrylamide gel A7) 4T I,
@2l BAgtd AAEdh o] 2d 99E pUC18 plas-
mid®l cloning3t®] promoter ¥ Z& o3 249 )
22 AMEEgT

gipDs} glpESl 244 90| pUC189 cloning® plasmid
DNAE WA 3t Takara’t} DNA deletion Kitol 2]
g Exolll-Mungbean nuclease system?| deletion #o]3
AP R AYTH ZolE F4AAM CRP AERY 2
promoter FH7HA AL ol thgg] Ho|FE A4
o dojdl wolFox DNAS £t YAH 02 Smal-
Hindlll¢] Aoz A¥slo)d Hgst A7)0 FE wHo
FE /ML 9471 Mg 2R S st HBEHA) Ado] Uo
¢ 98 SRAAHE 1).

A& o3 FolA CRP 2% #9919 A3t deH o
Ho]32l DM126 promoterd] -35 HH7A] B&o] Yo
't DM902] ¥lo]F¢| cAMP-CRPo| 2|3t A4l x4 &
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5° TATCGAACATATTAGCAAAGAATCGCGCTTTAGGT AACATTCAAAAAACA Y mccr:rrmcrmammcc:rmcrcrcmc‘m%l'rmcoc:\ 3
ATAGCTTGTATAATCGTTTCIT AGCGCCAAATCCATTGTAACTTTTTTGTAAAY ACCGCAAATAGACGGCGA AGCTGCATTTGACACGCCATTTAAACGGGT

Wild
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Fig. 1. Deletion and oligomer insertion mutations in the gipD promoter. The nucleotide sequence of the glpD and gipE
promoters are shown on the top lines. The lower sections define the exact of sequences retained in deletion
mutations that remove portions of the glpD promoter from the 5’ direction. The boxes of DMC 126 and DMC
90 were inserted the consensus sequence of CRP binding site(22 base pairs).

#4E B3u% CRP 2% 35 wid9 22 bp(5-AAATG-
TGA TCTAGA ACACTTTT-3)7} 41 ¥o]3d DMC
126 2 DMCI0& A3yt

2t ©40|F9| glpD-lacZ%t gipE-lacZ 8%t plasmid &N

7t Wo|F2| RF DNA ¥ plasmid DNAE mZ 2e
ARG lacZ9%e] &3 plasmid 2432 AA, gpE9] pro-
moter G0l ALEE Wo|F = pUCI8NAM Thokdt 27]9)
G717t AEHA dong AEH 7 WolF9 EwRI-
BamHIS.2 HT¥ DNA BHY lacZ99) §34 vector?]
pMS437Ce F4Y sitedl ligation A7 AS AlaeFF(MC
41003 TP2010)°l Fd HEAIZ Foll MacConkey Hj
AolA Lact F2UQ red colonyS A'dste] #1sio)
gipD2) promoter FAo] AL Mol FE Smal-HindlI2
Fo¥ DNA 98 E Klenow® &3t blunt-end3} A7)
$o pMS437C2] Sma I sitedl ligation A7) Fo] 479}
FY8HA gipD-lacZ fusion plasmidE 24 sty 4
71914 red clony® A¥Eo)A clone®ZHH DNAS %
2|3t EcoRI-BamHIS 2 HYE @M S agarose gel A7)

[T YT Fo} AL&E DNA GHol AddoRe
AE 3kt

glpD2| TH ¥ AL HO|F| ds xH

gipD2] promoter ¥ CRP 2§ 5919 Z¢ 2 CRP 3%
2] Y HolFt gpD FAHAY BE A v]He
FEFE AR AT Table 29t 2} 7 w39 §%
FRAE =U9F TP2010(Agye, Alac) #FE 2 mM
cAMP H7F E& HIH7IE Ha wjA A i celldl A
B-galactosidase &/3& ZA3I%ch. CRP A% ¥ A
7R Aol Yo WolFE wild9 ¥l W3l promoters]
BT dofuR] 4gkon, CRP-cAMPY o3 HALE:
A A 22 02 3 HojAAM igkog Ax}
Ee gpEQ] promotershs A3 F¥o] AE Ao A}
59T promoter?] -35 492 XA Ao] HolAA
CRP AZH-471 glojzl WelF= promoter E4do] 64)
BEAA A 23RO, cAMPY] BRAZA AT
BhubA] ottt ol 710} CRP F5H B8-S AAlate] AAuin}
cAMPS| HAEZ EH7L S HEE st ey &
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Table 2. Effects of cAMP on expression of the glpD-lac Z fusion genes

B-galactosidase activity®

Plasmids

-cAMP +cAMP Effect® Index®
LDC6 1525 4148 2.72 100
DM 163 1655 4452 2.69 99
DM 140 1698 4856 2.86 105
DM 126 1567 3239 2.06 76
DMC126 1506 5301 3.52 129
DM 90 281 290 1.03 -
DMC 90 335 299 0.89 -

The EcoRI-BamHI fragment containing deletion mutants was ligated to the same site of pMS437C and constructed

gipD-lacZ fusion plasmids.

a, P-galactosidase activities are given in Miller Units and are the mean of three independent measurements. Each of

the strains containing gipD-lacZ fusion genes was incubated at 37C until the ODsionm reached 0.1-0.2, and then

2mM cAMP was added to each sample. Each sample was further incubated until the ODs10 was 0.5 and B-galactosi-

dase activity was measured.

b, Relative efficiency with that in the absence of cAMP taken as 1. c, Relative efficiency with that in the wild type

taken as 100.

2 gsted, ol& DNA helix 720 A¢HE 99
W3l 2 promoter Y99 Ao 3 Roz A€
ol FEude AFAo] wildith £ oligomers A4
9o wildith AAEA 37} d)58 AL CRP A%
29l A7t 2A FIIAZ Ag3te oz ARE
o} T3 gipDe] cAMP <3 BHZH | CRP A4
AL HoFE Aotk CRP AFHH7F 4 AEd
DM1269 CRPS] F5H|E(22 mer) g AUT WolFE
cAMPY| 93 AAEZ B} wild9) HI&EA BEHE
Aol ek

glpEe| =H o Z& 3 CRP ZE el algf

gpD9 273 499 A& WolF AAH T2 WHoR
Z3 990] 499 plasmid DNAE Pstl-Xbal2 2 A3}
o ghhE 28 999 5°-0d BEN A deletion®] HPHE
Ho|F 24 Wg A3t Ado] dold clonedl A
DNAZ Budte Uitz o2 EqRI-BamHIOE ZHdsto]
ANE 9Hg A7) g5z AP A7kA AL Ae
st Q7 d2A A AT 19 2004
He wpo} o], CRP A¥ #9 AA7AAY A&, CRP

166 / 4§73} 3) =)

A% 599 diEe] Ad¢Hod W ]T(EM]BS) L
promoter®] €% F%o] AEHNZ Ho|FE AU} =T

CRP AY H$917} d&Hojd EM185%) EM1534 BolF

& CRPY Al 24 %5 79314 F4E CRP ¥
5 gl 22 mer§ AYAAA EMC1859 EMC153&
238t lacZz9te] % plasmidg A=A

gipEZE A AL HojFe & xH

gIPES] promoter 99 Z CRP Z¥ Hgel Ho
gipES] promoter 4 cAMPO 3 Ao WA o
&S 241 2HE Table 391 YEPAT glpE-acZ) &8
FAA 2YE #F9 B-galactosidase AL AR
. CRP ¥R HA7A Aol Yol MolFw
wild9} %3 promoter®] 84-& 71, cAMPd| oJdt
FE2AE 22 FFEL2 FUHAN CRP 27T
A ddzdd v AT EAA d= A
o2 AMEEY, o ghpDe A5-9 Ze Aot Acd
7tR 9] GHol AQlsoi A CRP AER7 A9 AéH
oAA & HolFE cAMPAl ¥ HAEFo] A9 A
41 promoterd] 4% 8ol A= A ZAadATh o
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Fig. 2. Deletion and oligomer insertion mutations in the gIpE promoter. The nucleotide sequence of the gipD and gipE

79 b

v

promoters are shown on the top lines. The lower sections define the exact of sequences retained in deletion
mutations that remove portions of the glpE promoter from the 5° direction. The boxes of EMC 185 and EMC
153 were inserted the consensus sequence of CRP binding site(22 base pairs).

Table 3. Effects of cAMP on expression of the glpE-lac Z fused genes

B-galactosidase activity®

Plasmids

-cAMP +cAMP Effect® Index*
LEC5 1425 2936 2.06 100
EM 215 1853 4187 2.26 110
EM 185 1532 2175 142 69
EMC183 1621 5122 3.16 153
EM 153 153 174 1.14 55
EMC153 203 146 0.72 -

The EcoRI-BamHI fragment containing deletion mutants was ligated to the same site of pMS437C and constructed
gipE-lacZ fusion plasmids.

a, P-galactosidase activities are given in Miller Units and are the mean of three independent measurements. Each of
the strains containing gipE-lacZ fusion genes was incubated at 37C until the ODsjonm reached 0.1-0.2, and then
2mM cAMP was added to each sample. Each sample was further incubated until the ODs10 was 0.5 and f-galactosi-
dase activity was measured.

b, Relative efficiency with that in the absence of cAMP taken as 1. c, Relative efficiency with that in the wild type
taken as 100.
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