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Analysis and cloning of the gene involved in activation of maltose metabolism in Serratia marcescens.
Lee, Seung-Jin, Ju-Soon Yoo, Hae-Sun Kim, Sang-Cheol Lee, 1S00-Yeol Chung, and Yong-Lark Choi*.
Division of Biotechnology, Faculty of Natural Resources and Life Science, Dong-A University, Pusan, 604-714,
"Department of Food Science, Dongju College, Pusan, 604-715, Korea — We have got several clones from
Serratia marcescens which stimulated the cells to use maltose as a carbon source in Escherichia. coli TP2139
(Alac, Acrp). One of the cloned genes, pCKB17, was further analyzed. In order to find whether the increased
expression of the gene was under the direction of maltose metabolism, we constructed several recombinant
subclones. We have found that the clone, pCKB17AV, codes maltose metabolism stimulation(mms) gene. E. coli
transformed with the cloned gene showed increase in the activity of maltose utilzation. The recombinant proteins
expressed by multicopy and induction with IPTG, one polypeptide of 29-kDa, was confirmed by SDS-PAGE. The
overexpression of maltose-binding proter protein in the presence of mms gene was confirmed by Western blot anal-
ysis. Southern hybridization analysis confirmed that the cloned DNA fragment was originated from S. marcescens

chromosomal DNA.
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Maltose jAtell Feddle AT FAA S ANAY
F 222 Ak ok sl malPQ operonSE2A
A A =AF 758N £33 maltodextrin phosphory-
lase$} amylomaltaseZ- codingdl3l H[14]. =, 91E] <
ANA8V = malEGF, malK® lamBE A o] FAA}EL
2 maltose®] uptake®} transportel] e3P, maltose}
malT activatorell &3] W3 o] x|z}t malT}
malEGF operon< cAMP-cyclic AMP receptor protein
(CRP)ell 2]8] Wdo] EAFHJAM, malPQ operon
cAMP-CRP2] A& W= MalT wo) ojs) 244
FAE 9 HEZ lactose FA FAAEA cAMP-
CRPel| 93] W &2 WM = JacZ¥A operondp=
98 24 systemS 7FAAl "1, 4].

Serratia sp. T+ 13541, enteric soil bacterium
©2A], chitinaseE A3l A=Al WHINE AT
o] A2 FAE]] 7I-E Ealste] Hal S 3
AlAFE Toloh. 3L o] AMlge] AAb: #F8E4AE
718AN 7188820 58 AARsled oJofF Bl ofejiof)
AbgQol] o] §efA]H, o] E o] §I AP A EEH
2 AEFEH A7) AW s AA A5, 1]

3 5[3,7,10] CRP* HWelr} =€ wa+# MK
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2001(crp”!, cya::kmyS SFE AFEEe] cAMP I
cGMP2] BIEASIANME mal AR HE-E FXAT =
3=} sfs (sugar fermentation stimulation) 1238 2
g stgdeh s AR F sil, sf4 D nipNer like
protein) AR}l wsle] PehAb FA A 1AF2E ZA
et 2 A alp FAA AHERS A fEA shiale
A oEA 9 Ner @A £ A54(62~63%)S
el sl e, Sfsist Nlp T AAFEA w2l of A
4 HEFH 9l DNA ZAgedde] EAsidet. =3t
crp™l] 2]E31ed maltose AR fHRle] wWale] E31s
AR A T2 ofF AN maltose HAHA O] s}
E N2 A factor2AM 2HEE 7lsAd o] FEEIA| AL
e},
2 A7 WA s ARk vt 715S AW
FRAZE WA stZA}, Serratia TFANAM 2] maltose
AR Al 9 cAMP 23S W= fAAE Beislal,
e AR 7% ERlslka, HE AEe] #E)
B3 FAA SiME AATEE
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B Alge)| AREEE T 2 plasmid vector:= Table 1¢]]
e Al 9ube wieks $13le] LBE AME3IS
H, plasmidZ} =% #5E SHAE A7 wieFsisic
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Table 1. Bacterial strains and plasmids

genotype

source and ref,

recAl, endAl, gyrA96, thi, hsdR17,
supE44, relAl, A [(lac-proAB)/F’
[traD36, proAB™, lacI%lacZ A ,M15]
crp, lacX74, xyl, ilvA, argH, recAl

Lab. stock
Lab. stock

A. Danchin, [9]

strains & plasmids
STRAINS
W3110 wild type
IM 109
TP 2139
Serratia marceescens KTCC 2172
LASMIDS
pBluescript KS(+) Amp’ [5]
pCKB17 mmsl7, kdgK, Amp"
pACB17P mmsl7, kdgK, Amp',
pCKB17A kdgK, Amp"
pACBI17AV mms17 Amp"

[7]

this study
this study
this study
this study

ABAISF R K=

DNA sequencing kit, restriction endonuclease, Klenow
fragment @ DNA ligation kits Takara shuzoAl A|E-&
ARS8t AL, IPTG, X-gal, glucose-B test kit—‘:- WakoA}
AES, WAbs EAEH-2 Amersham AlE2 AH-311 2,
leard miniprep DNA purlﬁcanon system= Promega®
A TR, 2wl AMSRE BE AR AlFelA 7Y
3 EHEE /\}%?5}9&‘:}.

X4==8} DNA technigues

Genome DNA ®#]: Qiagen?] kitE AME-3le] H)A
A 3l AR A2], A2}, agarose gel A17]°3F
9 7]} A)Z3F DNA techniquer FEFHPHS ARSIdd
12]. |7lwid 9 71e} /AR A2F AHES 98
plasmid DNA #A|= Wizard miniprep A kit ¥
sladct. DNA 97]wiE RS S8l ol5714 DNAE
AF8-3l91 21, autocycle DNA sequencing kit2} A.LF.
DNA sequencer(Pharmacia)s A}-8-3le] dideoxy-chain
termination® [13]22 ZA sjgic}.

4 Y =5

A A AL AT A FE2He HR[18]9
ol 2] 3}, amylomaltasel: Wiesmeyer$} Cohen<
¥hH[17], maltodextrin phosphorylase’™ Helmreich®} Cori
2] whH[6], glucose®] A2 Sharpe] WH[17],
whfale) Agke Bradford®] W (2] 25l Asisict.

Southern hybridization
Bzl AAE DNAZ 0.7% agarose gelell 71353}

DNAE &g ¥, 697] A|ZtEAE AME3led 9bx13] 2
sAIFE. EE DNAE oA A7]99522 Fest Fo
WA F31 A4S AA Floll nylon membraneol] 354
342t Southern transferdlAtH15]. ©1Z57}= DNA probe:
[@-*2P] dCTP(3,000 Ci/mmoly@} 1z ZE2] DNAZ
7R3 eplE)sle] ARSI

Western blotting

LHix|2 wjoFst #A1E 25mM JAE Sl (pH 7.5)
22 MAZ F, 4°CAAM 3024 43 FAE AR
35,000 x goll Al 2087F GAlEEEl] HMEAANE AAAIZ
AedE A AlwR ARSEITE SAE 12% SDS-
polyacrylamide gels AREsle] #7|9d538}31[9], Towbin
59 HH[16]%Z nylon membraneo) blotting 39},
12} antibody?l anti-MBP (0.2~1 pg/m)E ®FA]7] &,
22} antibody?l HRPO-IgG conjugate (0.2~1pg/mlys Hk3-
A7 PBS (10mM KH,PO, 150 mM NaCl, pH 7.2)%
AAgE F, A AIF

g2 H

™

mms FEXe| 224

MacConkey Hj=X]ol| A maltoseg 7 ol 8 B3l A
TP2139(Acrp, Alacyes S2{S A3 $5T22 AN
ot A7 d4A DNAE }Jﬂsb_ 657] <14 AgEA
5~6%2 A3l AFELE AAZ] AL dE
pBluescript KS(+)ol shot-gun cloningS A| =3} 1%
maltose”} % MacConkey ®lX]oA red colonyZE
A sle] FAbslgith TP21392] #FE  MacConkey,



maltose ¥IA|S AR8-8}ed wjoFslH white colonyS LJER]
22, o] upfoz dojal F2eM red TRE A=
& maltose WA ARG 712 Aolet. oF St 7)l9)
recombinant2F-E] 4= F7H9] clone ATHS, 18] 1 =
X pCKB17 EEel w3} vl%- s)43)5i.
pCKBI17 3-kb2] BamHl o] AMse] glem=z
subcloningS $18te] ATEAL AEZ 2HAslelckFig. 1).
Pyull-BamHI®] 2.4-kbZ Smal-BamHISZ A5t pBlue-
script KS(H)ell 444171 pCKB17P$} Aval®] 1.4-kbE
pBluescript KS(+)o] 4r%A1Z1 pCKB17AVE 2HAdsigie,
o] &S TP213%e] =347 34 A &A= MacConkey
viz]ellA] pCKB17AVE 7438t red colony® Uehfglor),

B § Pv Pv A B
pCKB17 1] i 1 Mal ++
—
P'_I‘7 . Plac
mms gene
M B
pCKB17P +
Plac P17
A B
pCKB17A |
PT7 Plac
pCKB17AV A A
++
- b
PT7 Plac

Fig. 1. Physical map of the plasmid pCKB17 of S. marce-
scens and derivative plasmids.

The transcriptional direction of the gene is shown by the thick
arrow.

Abbreviatons: A; Aval, B; BamHI, E; EcoR1, Pv; Pvull, M; Smal

1.2 3 4

Fig. 2. Southern hybridization analysis of the enzyme-
digested S. marcescens chromosomal DNA.
The 1.5 kb insert fragment of pCKB17 was used as a probe.
Lanes : 1; size marker, 2;S. marcescens chromosomal DNA
digested with BamHI, 3; EcoRI , 4; HindIIl.
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pCKB17P= 2F&} red colonyE “tebfgiet. wbd Aval
BamHI®] 1.6-kb7} 41¥l pCKBI17AYX MacConkey WHX]
oAl white colonyE e AAZ o] A
maltose THAREAZlol] Hoddl= A1z} ohlsk Feox] Zx)
37] 8= 7 Jl9 ORFE 71 ZAo= oAk
AAZ E29 5 pCKB179] oF wete] 7] widS ZAA
3y & F2 75KDa®] m|A|e dwjAd} = HFH2
kdgk(2-keto-3-deoxy gluconate kinase) F1AFe} AAS
Helll:= ORFE Z=3h= 212 Jehd ZAo(data not
shown)?} 2 dX|3ldv}. &, pCKBI7PE kdgk Aol
o3 A== MacConkey WA F o] A4 wjFoz
red coloney”} AA¥ ZoZ FAgiEc) wjx] whaye)
B=T pCKBITAVZE 7P 243, e =718 29
o2 WEle] 7 Z el guial Exle] g
7%l 7S AlAbel F9oh webA, pCKB17¢]
FEF= FFAAVE maltose HAIER] o3l Hog
Ho} mms(maltose metabolism stimulation)f-HAL2 =
et 3, F2Y9E FAA) S marcescens®) A
DNACIA i€ ZQ7HE #elsk3za} Southern blottingS-
AAIZE H3E Fig 26 Yeld e S marcescensS)
A4 A DNAE BamHI, EcoRl @ HindllZE Hwhat
DNA®} pCKBI179] Ay <#-& [a-¥2P]dCTP(3,000 Ci/
mmol)Z eplE 3§ A3} hybridizationd Al A3} o}
3 23}, BamHISE A3t Aol pCKB179] AMiwha
27191 3-kbe] W= Alde] vepydtt. o]2g A=
E249% $AA7E S marcescens®] GMA DNAS)A
e AAE FAlsl) F= Aol

maltose CHAIEZl &9 =3

pCKB170] ZE=3R= mms -F-4A7} maltose WAl
ozl HE FAHOE QTR maltose HHAREA]
A 75 SAsES mms FRAPE =49 93T
TP2139E ®F3te] maltoseZ 48] Fsl=o] WA
glucose®] o8& EA3 AAE Table 20 eIt mms

Table 2. Induction of maltose metabolism in E. coli TP2139
strains harboring mms gene®

. Glucose production® Efficieney®
Plasmid (pe) %)
pBluescript KS(+) 9.45 100
pCKB17 20.79 220
pCKB17P 23.63 250
pCKB17AV 52.92 560

®; E. coli strains were grown in M9 medium supplemented
with 1% maltose, 0.2% casamino acids, and 25 ug ampicillin.
®; Amount of glucose was estimated as described in Materials and
Methods, and shown in pg per pg of protein extracts. ¢ ; Relative
value with that in the presence of plasmid pBluescript KS(+) taken
as 100.
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Table 3. Specific activity of amylomaltase in E. coli harboring
the mms gene?

Plasmid
. pBluescript
Strain KS(+) pCKB 17 pCKB17P pCKBI17AV
TP2139 2.14 2.71 3.52 5.12
w3110 4.52 4.79 5.21 6.25

2 - Amylomaltase activity was shown in units/|g protein. One unit
of amylomaltose activity was defined as the amount of Ipg of
glucose produced per min at 30°C. E. coli strains were grown in
M9 medium supplemented with 1% glycerol, 0.2% casamino
acids, and 25 pg/mi ampicillin.

AT 39 A TP2139 T5F= HE|Ql pBlue-
script KS(+) 7F =42 =71} 224004 5.64 74A
maltose®] F3|F o] Z71sldct. ofeigt A= mms 7A
21e] ekl o3t fAEES] AT 23 Ao
2 Az}, webr] maltose®] Hallol] sl F A,
malP(maltodextrin phosphorylase)2} malQ(amylomaltase)
o] WPzAe) wlXE mms AL FeAdhe AE ot
B7] ste] F FAA AHEQ E2EASE A3
Table 3ol YebPATh. mms AL diapdde] 93td
BaAe 49l amylomaltase: 2.4 7HX] BAgA] o]
27159].2, maltodextrin phosphorylasex FEAEA]<]
Z7}7} win)sldvi(data not shown). Kawamukai & [7}
ATl A maltose HARE EFX18H= oA malto-
dextrin phosphorylase?} amylomaltase®] & FA18A}2
malE AR AR FFAAAE vehA] gdsker,

Fig. 3. SDS-polyacrylamide gel electrophoretic patterns show-
ing expression of mms gene in E. coli.

Staining was done with Coomassie brilliant blue. The black trian-
gle arrows indicate the position of the Mms proteins. Lanes : 1;
pBluescript KS(+)/TP 2139, 2; pBluescript KS(+)/TP 2139/1 mM
IPTG, 3; pCKB17AV/TP 2139, 5; pCKB17AV/TP 2139/ 1 mM
IPTG.

12 3 45 6 7 8 9

= MalE

.

Fig. 4. Immunoblot analysis of the MalE protein.

The arrow indicates the position of the MalE protein.

Lanes; 1: size marker, 2: pBluescript KS(+), 3: pBluescript KS(+)/
0.5 mM IPTG, 4: pCKB17, 5: pCKB17/0.5 mM IPTG, 6: pCKB
17A, 7: pCKB17A/0.5 mM IPTG, 8: pCKB17AV, 9: pCKB17AV/
0.5 mM IPTG.

oA oleit BAFA W] malk FAA 71218 A
U2 & 5 9ok

mms FEX| L

Maltose thAbel]l A2 2AJAARA] e 3= mms
SRRk W AES #elslazl SDS-PAGEE AAIRH
A= Fig. 35+ 2o} dghdd dEee) 23" pCKB
17AVE: =08 #FolM F53 dyAs A7)dsd
A7 (Fig. 29 lane 3)lA < 29 kDa®] M=F E43)
g 4= itk TY FFelA IPTGE =A% Al
Me J8 AsA vebd FAa AbEe] vebdEh
Kawamukai S-[7]°] &3t thAFel 9] maltose HARE
A5 s AR BE EXFANE malE FAAE
Hodgltar B gk v} i), =3, malE AR AAEQ]
MBP(maltose-binding protein)= periplasmic protein®. 2 ]
maltoset} maltodextrin®l] ¥ 3L 71X, cyto-
plasmic membranes]] Z£2}81= MalF, MalG 12|32 MalK
w27} MBP-MalFGK2 B3AlE 3Ad3le] maltose®
$abel] Bodsh= o= dEx 9lw10). webA, mms
$AAE maltose THAF S3lol] ¥]523) 716-E EMEAE
glols}2x} 3}edv}. Western blotting A2 433+ A3}
(Fig. 4), mms S} =48 FFA e HEqte] =4
g gzl visle] o] fAIALY] HEpUR R malE 71
A} AFEe] o] Ex19S syt ol=jat HSAl
HALS maltose 2350l w2 glucose AL AR EAY
st Adte) A dA|sid

o oF
oL =

Serratia TFNX crp FRAAS] Babd B4 2 cAMP



of o3t WPAXAL W= BA|FE B1A}, MacConkey
wjZ|oll A maltoseS BRAYOT HH3F) o]L3lR] Fsl=
WA TP2139 (Acrp, Alac)s o83l QA4 DNAS
library2 2HAJ3}ed -2 g oF Uqt Aje) F=2ue)

A red colony® VElE 5880 ok ZFES 9ot
ol 85 g A3} pCKB12 FEE ap FAAL,

pCKB13& CoA transferase A codingd}T 122
Elaio}. & A7 vlsliME 289 pCKB179Y w3l
343813 tt. MacConkey ¥HX]ollA] maltoseS b0 2
ol43l= 71& 71Fo=2 22 subcloned Pdgon, o] 5L
A 2718kl 419] maltose ©]-8-5<] 7181w wlebA
o] FAHAE mms(maltose metabolism stimulation)e] 2t
B3ldet. FAAAEES] E)lS 913le] SDS-PAGEZ #<]
g 23} A=A 29 kDad] HHARES delvh. mms
AR dEpdsle] sl ZAsIME malE A
o} AHE<l MBP whiAe] Wae] FiES sl
Southern blot&& 1t A7} Hoixl FE-L Serratia sp.
HAA S Elsidct

aAtel 2

o] FH-2 19989 % Folstm FRIA A7n] Y A=
Ate} d7ulel L] A= e, ool =R YL
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