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Analysis of the Molecular Mechanism of nlp Gene
Involved in Transcriptional Regulation in Escherichia coli
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Abstract — An nlp (Ner like protein) gene from E. coli was previously cloned and sequenced.
Here we show that expression of the sugar metabolism related genes, lacZ, malQ and malP, increa-
sed 2.5- to 8.3-fold in the presence of a plasmid containing the w/p gene. This suggested that
the nlp gene could induce maltose- and lactose-metabolism coordinately with ¢rp*1 in the absence
of cAMP. Using the nip-lacZ fusion gene, it was possible to show the promoter of nlp was active
in vivo. The overexpressed nip gene product, a polypeptide of 10,000 daltons, was confirmed by
SDS-polyacrylamide gel electrophoresis. The band shift assay revealed that the partially purified
Nlp protein bound a specific DNA of the regulatory region of the n/p gene.
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veldigiel BE 5 #H A s xj(M9) 2} LBe x| o}
A 3714 ’2“74 © 2 wjekstadc) Febarn| o) Egls
a5 Ampicillin(50 pg/mi)-2 A 7}ste] vl okshalc,

AR AlSF

A gL E A, Klenow fragment, DNA ligation kit, T,
DNA ligase =& Takara shuzoA}let Pharmaciar}#]
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dish peroxidase(HRPO)+= Promega4l #|&&, IPTG,
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Table 1. Bacterial strains and plasmids
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E-#] DNA-% chs el zAle Agtaiss AHrhshod A
0.6% Low melting agarose < 4.5% Polyacryl-
amide gel A71d5S sl g dHES 35 A
A sked ARG5S,

ae g8 53

B-galactosidase 42 0.2% casamino acids®} 50
ug/mi AmpicilinS H7FgE M9 vl 2]l 4 sl of5l
Foll 4] bW F&3te] Millere] wHH(20)02 =
A 3toi o).

Amylomaltase2} maltodextrin phosphorylase &
A2 218te] AlFS 1% maltose2}t 0.2% casamino
acids®} 50 ug/mi 2] Ampicillin-S % 7}gF M9 ul] %] of] A
ul oF&ed 2.7, Amylomaltaset: Wiesmeyer2t Cohn
2] "bH(21), maltodextrin phosphorylase- Helm-
reich®} Coriel BHM(22)el] F3Fle] Z+7+ glucose2}
glucose-1-P7} A A=} x]= S spectrophotome-
terg ] AHukslel o, crude extractoll 4] glucose ]
ek Sharpe] ¥H(23)ol) o]ste] 4% k& Wako
A2l glucose-B-test kit& Ab-8-3le] F3 skelr)

Immunocblot analysis

LB uiz]el| &4 wlokd A5 0.5% Triton X-100
2 73 25mM sodium phosphate buffer(pH 7.5)
2 A A3 & 4T oA 304 33] sonication*] Zrh
35,000 X goll A 2087+ Al F-eldked cell debrisE

Strains Genotype Source
Strains
MC4100 aval) 139, lac(IPOZYA), StrA, thi (15)
MK1010 W3110, cya::km (10)
MK2001 W3110, cya::km, crp*l (10)
TP2010 xyvl, cya, argH lacX74, recA, ilv, Svl::Tnl0 (6)
TP2139 xyl, vA, argH, lacX74, crp (6)
IM109 recAl, lac-pro, endAl, gyrA96, thil, hsdRI7 (16)

supbEdd, relAl, ['traD36, proAB, laclg-ZM15
Plasmids
pKK223-4 Amp’, tacP, BamHl site (fef region) of

pKK223-3 is disrupted (17)
pMC1403 lacZ (8 amino acids and promoter region is

disrupted), Amp" (18)
pPC23 nlp, Amp* (9)
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HE-s-Al1Z #, 22F antibody 4! HRPO-IgG conjugate(0.
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&5 7] 454 Nipst z7lvp 32e R3g
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EGTA, 0.0001 M dithiothreitol, 0.1 M KC! and 5%
glycerol. nip 42} =4 <33& i?ﬁ}-ﬁ:‘ DNA ot
H-2- plasmid pX1&] Miul-AAIL 334 bp vt 4.5%
polvacrylamlde gel H7)odEe 2] fﬂf;‘ f’{jﬂi

Trlskeith, DNAg} v alztel H3le] 2ol&F band
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sgel W AH10). ol 52 Gl #3215 s
A3 disbdd {28 93ke] subcloning-S A% 8o
2&94 clone-® L¢ith pPC232] Pstl-Bgllle) Ajgta

4 Aerededel 3.5Kbe) whl-g pKK223-42] Pstl-Ba-
mHI F-¢lol 4hq] 2} pPCD28-& -53}¢1 o1, pXA
5R5-E nlpE XIS o<l EcoRI-Ssple] 04
Kb2] c}#-& pKK223-4¢] Smalell A}el4)z! plas-
mids]! pXS8& T35t pPC239 HindIll-Pstl2]
1.7 kb wt#Ho] subcloningX]elZl plasmid pPC123%
SofAb Bzl olFel AHEssickFig 1)

nlp gened e zﬂ =% plasmid & E. coli MK
2001l Xgir|#AH oie o BRglS 2elshe
MacConkey wl Z]of| 2] 2] w3 o|8-F&HE v]wE 7&
Table 20 lelyiich zZbzbe] %23} plasmidE& =9
A7) g MK2001 #52] 789] o o)4%a 2§

- iM_HM ¢ pPCD28
bla tac; 1 273.35 _kb\\
——— ta.; M & N _ H opeiss
a 1.7 kb
- iIP MUA U U NB X1
- — | pXM1
. B LN cac
- E- L ’
—
bla tac pXS8

Fig. 1. Restriction map of the subcloned genes.

The Pstl-Bglll fragment of pPC23 was subcloned to
pKK223-4, constructing plasmid pPCD28. The EcoRI-
Sspl fragment of pXA5 was subcloned to pKK223-4,
constructing plasmid pXS8.

Abbreviations: A; Afll, B; BamHI, E; EcoRl, G; Bgll],
H; Hindlll, L; Sspl, M; Miul, N; Hincll, P; Pstl, U:
Sau3Al, tac; tac promoter.
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A 3= maltose ]| of-8-xbo] F7}xjo]
F+= vectord =g w2} vls=ahA| e
A et 5 A& plasmid %
gk oA+ MK1010(cya::km) Aol A= A8
T B2 ALY o]8o] ErlzeleA] ufA]Akel 4
white colonyE Wlehligich z=id] MK2001¢) vec-
tor7h2 %l A7l dF7}F MacConkey-lactose ul #]¢]]
2] red colonyE vreRN o] lactosed] o)) &glo] o]
g4l o vl MK1010e A vectordbs w=lgk 237}
white colony&ldl] B|s}ed nip7t E3tE HFE plas-
mid7} =% MK2001-8- red colonyE el o] lac-—
tose?| o|8-o| nlp FHA}el| 2sle] Frlx]of e
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Table 2. Changes in sugar metabolism of E, coli MK
2001 harboring the nfp gene

st

Plasmid

Sugars pKK223-4*  pPC123  pX1 pXS8
lactose + + + + + 4+ ++
maltose - + ++ T+
meliobiose + - + -
sorbitol — — - —
rhamnose + o + +
robose + + + +
glycerol + + 1 4

E. coli MK2001 containing nlp gene was plated on Ma-
cConkey agar plates carrying different kind of sugars
as carbon sources.

“E. coli MK2001 containing pKK223-4 was used as a
control.

*Color intensity was expressed as follows; —, white
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nfp-—l lactose CHA} Bt RHX|Q| YUSXH

nlp +HAL] tac promoterol] 2]&t dizfurglo g
lactose®] ol&-o] Frizl= #Ako] lactose #HEl of
o gl %-’ﬁﬂ% Hhedel) o JERIERAE Yopkh
7]l $)3le] $-AAE w7 o AFolA] muhe
%3] B-galactosidase?] 34 WslZ =3 1
A3, nlp geneol tac promoterel 7}7elA 4] Nlp7t
diehitde] FRd4% S4o) Fr)lshe ez 15
el 4} Z o 3-031].”}”‘1—4 7 Eoivh BhAatie]
Hslol] 2]&F o&k3 B 7] ¢3te] glucose & glyce-
rols AR8-3ke] wjekgt Faol Aol sA1S njws) E

A= Ho}lE zlo]E Holx ¢rekcHTable 3).

J A

ol FAAE ofdHEF W3110| =AA F
Al 2 A3 259719 4 b Belvd),

ol erp* HolFol xl®l o] nlp FARbl 27
B-galactosidase(acZ AHE)e] Wd £31 4= ol&
ol wels-& AAbsl = H3elrh

Acya Tl MK1010¢l| %9 4] B-galactosidase

5 =35 At W3110ovF MK2001R.c} ¢+ 1/10
Aol Yo AL ep T, 84 Foixxe 3
Dol ZdEkolgde}. o)== welAl gt wd

71°5ell ulzl= NIP9] 7)o cAMP-CRP E-#4 &
7L S At A S oFAd A )-8 AJAbe] Fo)

nip2 maltose tHAl 24 &

Table 2] At X nlp 5 AL £ A7) of A5
MK2001& 394l vectorZ %¥4gJ4A)2] AFxHrc}
maltose 27} uwlf=]e]| fH Hrt 7F8k red colon
el ¢] maltose th A} el S %} wkale] 2z é
ALE F o FH e}

MAbe W =W

L...........

=i

a h
aL“'

2}4] Nipell 2]t 3 ol8=2 za
colonies; +, red colonies; + +, strongly red colonies. ek Nipell 2] maltose #el8s p
Table 3. B-galactosidase activity in E. coli cells harboring the nlp gene”
Plasmids
Carbon

Host source pKK224-4> pPC123 pX1 pXM1 pXA5 pX S8
MEKZ001 (crp*l, Acya) glu 1.2 3.41 3.50 4.35 512 5.30

gly 1.31 3.42 3.24 4.16 5.01 516
W3110 (wild) glu 2.26 4.25 4.16 — 5.00 h.75
MKI1010 (Acya) glu 0.16 0.17 0.20 0.25 0.30 0.33
PP47 (crp™) glu 0.17 0.19 0.19 — — —

“B-galactosidase activity was expressed as units. One unit of the enzyme hydrolyzes 1.0 micromole of o-nitrophenyl-
B-D-galactoside to o-nitrophenol and galactose per minute at pH 7.3 at 28C.
*A plasmid vector, pKK223-4, was used as a control. “—, not tested.
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322 1% maltose - wf Aol 4] vf gt Ao tere}e] @ #Helo A 24o] H A2 F plasmid7}
Ba] =l glucosee] YAFFE St nlp A} ElEeE B} o] £ A79E veld e, pXA5e}
wol®l FFof4] 28uol 4] 3 83wl E7HE b pXS82] gt plasmid7h Ao EHEE HiEblTh

e} o1, o]= lactose o] &R} F& Afo|UrKTa- mebA] maltose Hafel A Frodte 7 A

ble 4). ©|S maltose ©]&2] X A5-2 fac promo-

Table 4. Induction of maltose metabolism in E. coli
strains harboring the nlp gene”

malP(maltodextrin phosphorylase)®F MalQ(amylo-
maltase 4H FH27} nlpel 2l WdHe] d=
o] 2| =215 #elElr] $18te] nlp FAHAE EYAZ
Tl A elE5 F fFHxIe] wWHAEL Y& aAx

oz SAs3

?t?-ztin Plasmids pfod(ill;?({;if(ll‘g) Efflff;f;lcy‘ Amylomaltase®] #4-& nlprl =¥ dFolA
ZAs] 2 As} FHd] 25u7)2] F-7}skgivKTable 5).
MK2001 pKK223-4 10.07 100 Maltodextrin phosphorylase2] 438 diZ+ MK
et o g 2001614 e 39 HEAR SrbsiRlont, S4de
g}(l 65‘.96 430 2] 8}o] glucose glycerol*%‘ Apg-dle] e "o E
0XA5 85.85 890 #7e] zpelze B 4 ¢lglrKTable 6).
pXS8 87 41 835 Table 494 nip L zE A Wild 31109
W3110 pKK223-4 27.84 100 zo]3)-g A= 3n] HLe] maltose o] o] FH7lE]
pPCD28 43.50 159 odi=d], o)== MK2001¥t} 2 &ztelrh LRl
pPC123 77.84 280 o] 2+ W31109) 41 2] amylomaltase®} maltodextrin
pX1 75.89 273 phosphorylase g Eeigl &8s B R gl
pXA5 95,12 342 ded], o] A= nlpel FAAF AHE &3l mal-
nXS8 9744 350

“E coli strains were grown in M9 medium supplemen-
ted with 1% maltose and 0.2% casamino acids. * Amou-
nts of glucose was shown in pg per ug of protein ext-
ract. * Relative value with that in the presence of plas-
mid pKK223-4 taken as 100.

tose WA FA A7) o] FZIEle] A=dle
CRP*2] Wol7} o]52] A Hodls HoE A}
gk aebA] si AP o FE-0] Gl al F3
7]% 22 olu]el Nlpel CRP2he] ateix| 2] ¢ A%
FA 2o 9dle] Al pl FRizke wWE F

Table 5. Specific activity of amylomaltase in E. coli harboring the nlp gene’

Plasmids
Strains pKK223-4 pPCD28 pPC123 pX1 pXM1 pXAb pXS8
MK?2001 2.53 3.12 4.64 4.15 5.21 6.27 6.47
W3110 6.87 6.73 6.90 7.60 6.84 8.06 8.17

* Amylomaltase activity was shown in units/pg protein. One unit of amylomaltase activity was defined as the
amount of pg of glucese produced per min. at 30C at pH 7.0. E. coli strains were grown in M9 medium suppleme-
nted with 1% glycerol, 0.2% casamino acids, and 50 pg/m/ ampicilhn.

Table 6. Specific activity of maltodextrin phosphorylase in E. coli harboring the nlp gene*

Plasmids
Strains Sugars pKK223-4  pPCD28 pPC123 pX1 pXM1 pXAS pXS8
MK2001 Maltose 0.07 0.09 0.16 0.15 0.19 0.22 0.24
Glycerol 0.06 0.07 0.09 0.11 0.12 0.14 0.16
W3110 Maltose 0.10 0.12 0.14 0.14 0.15 0.19 0.21

[ coli strain was grown in M9 medium supplemented with 1% maltose or glycerol, 1.2% casamino acids and
50 ug/m! ampicillin. Specific activity was defined as pM of D-glucose-1-P produced per pg of protein per min
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pMC1403

EUU  lgc — —— amp E
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Fig. 2. Map of the plasmid carrying nlp-lac£ fusion
plasmid.
The Sau3Al fragment, 449bp of pX1 was cloned to
pMC1403, constructing plasmid pNL70.
Abbreviation: B: BamHI, E: EcoRl, S; Smal, U; Sau3
Al, lac; lactose operon (promoter and 8 amino acids
are disrupted), amp; the bla gene encoded the B-lacta-
mase.

pNL70

Aol Fhoj e
shital Zolch

ke @ s Ao & Fulole HAF

nip-lacZ 8% X &4 U gdH =H

nlp T AL in vivedoll A B E & FALSLLA}L nip-
lacZ fusion plasmidE F&3tgch pXle]4 Nlp =t
k2l o] 70 amino acid %719} promoter €S E
3= 449 bp Sau 3A1 ©HH-E& pMC1403 vector®]
BamHI -9l 4k AjZ] pNL70-8 75319 chFig. 2).
Plasmid pNL70-2- nlp2] open reading frames} vec-
tore! lacZ FAA2] codert A A8t Alacdl WA+
TP20104) A red colony?} AT ]AE st
% plasmidE #2]8led EcoRI-AAIIS] Aguig
Aulaste] A7l oF 240bp 2] &3 &elo 2 clo-
ning= o H-3-§ AN FQlsksich aepa] pNL70e| =4
A o AF TP2010(Alac, Acya)3}t TP2139(Alac, Acrp)
& 7FAIL nip®] promoter®] A3t A lacZ F4
ZLe) dhygke] 248 Q3= 3dlgivt. Nip-lacZ
34 WAL selskast, pNL70o] £e¥ o4t
£ F&E35le] 125% SDS-polyacryla-
mide gel ﬁ?]"é%ﬁ— sl Western blotting®] im-
munoblot #41-& A8k wnlp-lacZ 3 AR}
els] TP20103F TP21394 4 A%l &3 whude
A A2 Fig 3o epdc)

T gl 3] in vive el A nipr} HE
o] =& g3k wpulal Pl o g slelzlel owl TP2139
atdeko] w3tch &, Acya, Acrp (TP

= AL o] §-o] 1‘% ghm, A A} F-ol ofn
L0 FA AR KAL) AMP-

g W= Ao A
cAMP=} 75}

Kor. ] Appl. Microbiol. Biotechnol.

Fig. 3 Expression of the nip-lacZ protein fusion gene.
Duplicate 12.5% SDS-polyacrylamide gels were stained
with Coomassie blue (left panel) or Western blotting
(right panel). All lanes contained 5 ug of total protein.
The blot was incubated with monoclonal anti-rabbit -
galactosidase from E. ¢oli. Lane 1; pMC1403 in TP2010,
lane 2; Molecular mass marker included B-galactosi-
dase (M, 116,000), Phosphorylase b (M, 94,000), Bovine
serum albumin (M, 67,000), Ovalbumin (M, 43,000), Ca-
rbonic anhydrase (M, 30,000). lane 3; pNL70 (TP2010),
lane 4; pNL70 (TP2010+4+ 1 mM cAMP), lane 5; pNL70
(TP 2139), lane 6; pNL70 (TP2139+1 mM cAMP). The
arrow indicate the positions of the fused proteins.

=45
cAMP- CRP it{hﬂ]?}
Apsteict. cAMP& A ke

g 2] Akoll 4] 1 mM2&] cAMP #H7} =r
e B}ef| A] *§’”551~E- T3k ghae] o
cAMP x4ste] #

T
LJ o k2. 7Lz
o] 2 i

ey 2

| =) A 1l

wR A A Ad2k(Fig. 39 lane 49} 6)> F7re] WL
1o .0 g 2 nip T2 cAMPol  2ls)

A48 wkx] ok= Zlo g viebyicl 2=ld] CRP
cihal 2l o} AHalodedo) e wjelw olzdx 9)li= 5'AA-
NTGTGANNTANNTCACATTTS3 &) vid 3= AREA
o) of7 we HEe) 50%71 WAske Aol nip
FAALS] A 2 EAG'GGATGTGCATC-
TTTATATATTC3)§ o .24 cAMP-CRPell 2]3F w6
Hzge) sP54e] AibElelAmE, CRP thwae)
o] ejoole} DNAS} At 7b54d 8 Aol 4]l

Y AHH] HEIL aFFo| Ak
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A B C D E F G

Fig. 4 SDS-polyacrylamide gel electrophoretic patterns
showing expression of the E. coli nlp gene.

The thick arrow indicates the position of the Nlp.
Molecular mass marker included Phosphorylase b (M,
94,000}, Bovine serum albumin (M, 67,000), Ovalbumin
(M, 43,000), Carbonic anhydrase (M, 30,000) and a-lac-
toalbumin (M, 14,000).

MK2001/pKK223-4 (lanes A and B), MK2001/pXAS5 (la-
nes C, F and (), and MK2001/pX1 (lane E) were
grown in LB broth containing 0.5% glucose (lanes A,
C, E, and F) or 0.5% maitose (lanes B and G) in the
presence of 1sopropyl-B-D-thiogalactopyranoside 1 mM.
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Fig. 5 SDS-polyacrylamide gel electrophoresis of the
fractions from the Nlp protein purification.

Electrophoresis was done with 15% polyacrylamide in
the resolving gel. Lanes: B; crude extract from strain
MK2001, C; Ammonium sulfate 40% fraction, A and
D; Sephadex G-75 gel filtration fraction, M; size mar-
ker. The molecular mass marker shown are those of
Bovine albumin (66,000 Da), Egg albumin (45,000 Da),

Carbonic anhydrase (29,000 Da), Trypsin inhibitor
(20,100 Da) and a-Lactoalbumin (14,200 Da).
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Fig. 6 Detection of specific DNA-binding activity with
partially purified Nlp protein.

The band competition assay was performed as descri-
bed in the Materials and Methods. The DNA segment
used for the complex formation: lanes; non specilic
DNA region, the 275bp EcoRI-Mliul fragment of the
pX1 (nucleotide No. 1-275 in Fig.2 of Reference 9),
lanes C-E; the regulatory region of the xnlp gene (nuc-
leotide No. 276-610 in Fig. 2 of reference 9). [DNA]=
25%X107"M, [Nlpl=75X10""M (lanes B and E) and
1.5X10°°M (lane D).
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