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Table 1. Bacterial strains and plasmids

Strain Genotype Source

Strains

MC4100 araD 139, lac (IPOZYA), StA, thi a0
MK1010 W3110, ¢ya::km an
MK2001 W3110, ¢va::km, crp* an
TP2010 XY1, cya, argH, lacX74, vecA, ilv, S¥::Tnl0 ( 6)
TP2139 ol A, argH, lacX74, crp ( 6)
TP2010R1  TP2010, crp* a1

JM109 recAl, lac-pro, end Al gywA96, thi-1, hsdR17,
supE44, relAl, F'traD36, proAB, laclg-ZM15

Plasmids

pKK2234  Amp’, tacP, BamHI site (tet region) 1
of pKK223-3 is distrupted

pMC1403  lacZ, Amp’ 19)

pMS437C  #pBA, lacZ an

M13 mpl8

and mpl9

AZE8H DNA techniques

Plasmid DNAY) %A, Agda4s e, §2AAF, aga-
rose gel?] H719%, €% A &4 4 76 Az
e EFE UHE AHE3YUh? Plasmid DNA=
CsClo) 93 =Q4HFEAYeR At AME-3ATh
E£3 DNA 9H#H9 ZAe AFaLE Fddte 06%
low melting agarose T+ 4.5% polyacrylamide gel &
719%S 3tY Yite 9GS I AHAStA ALESH
Ak

DNA ¥7lufg &4

DNA @7)uld ZAL bacteriophage M13 mpl83}
mpl9Z- ©]-8-3}4] dideoxy chain termination W43} App-
ied BiosystemsAl¢] Taq dye primer cycling sequence
kitol] ©)3te] automatic DNA sequencerol] A A A8l o).
A subcloning A7 pPCM1¢] 4t¢) ©H-& M13 vec-
torell subcloning A]7] ¥ Takararl®} kilo sequencing
kitol] ¢]3}e] Exonuclase 119} Mung bean nuclease sys-
temol] &3t deletionS AAste A&EHo=Z ALEH
cloneE& 4% Wgo = AA GriwdE 2FsHh

gAY &3

B-Galactosidase &2 02% casamino acids®} 50 ug/
ml ampicilling @713 MOjRo) A wjeratel Millere]
WHwo g ZA319th. Amylomaltase (malQ product)
F484E 2437 Y5t M-S 1% maltose, 0.2%
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oA v 3o, amylomaltaser> Wiesmeyers}
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AAEEEq A7 FedE @A AE(crude extract)
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Fig. 1. Restriction maps of the subcloned DNA containing sfs4
gene. P, Pstl; M, Miul; E, EcoRV; S, Stul; A, AAIL; N, Nrul

BE&E v AES A7} amylomaltase (malQ gene pro-
duct)®] 47} glucose production®] F=X)7} Z7}glo
(A3 WA A, 15 pPC33} pHC29 A o] 714 =&
Ao 2 Jeht mal AL 7HsAdol AW, o] A=
AELE A(A@A vAA]) AT A2 sFgch
3t pPC1E ap*7F =¥ A MK2001 3o A
maltose2] ©}-& Z3} fgc promotere] Qdko] =LA U}
BT E &2 939 subcloningS A% 3t t). Plas-
mid pPC1¢] DNAE Mlul-Pstlo 2 Agabar, pKK223-4
9] vector DNAE Smal-Pstlo.2 A&3t Z1S ligation
3t 2, Klenow fragment 29} ligation 8t MK2001
5ol FEAE 3l red colony cloneS 9o} plasmid
pPCM1& %3}4th. MacConkey maltose =)o A
pPCle =93 3Kk pPCMlo] Huh 7HE$t red
colonyE WEFHITE 3HA, Fig 104 HiE vle} o)
3579 9 9] EcoRV 71#]2) 08kbE 22471 pPCW10&
white colonyE WERo] Fojr #d FAA 23 &
ZA7F Ak =3 02kb7F ¥ A4 oW Miul-Stule]
GAE =YAA pCMS8S F-33 o1} white colonyS
YER QKA T} v AA)). 45999 subcloningS Al %
shalal ok Ak 490 Al Nule) 25 3ol
stgion, o5 AY HAE o]&3td subcloningS
ok pPCM19] DNAE EwRI-Nrulo 2 A3l ok 06
kb7} dojA w3t Hel Adojzl 61kbe ©HS blunt
end3} A|7] Fof vl whHo g Mda] Yol pAPSS
TE5AT 1832 2 o2 EoRINwmloz Agsl
Holl ¢ 05kb7F Hojx Uzt el @S 3g=ate] )
Z% A1AA MK2001) A4 red colonyZ A # colonyS!
pNPSe] DNAE zA)3te] #2ls) & A7} vector?] pKK
22349 EAQ3t= Nrul F-9JolA A7 go] A& F
o} 7] clone ]}tk pNPS vector®] fac promoter 5] 7}
HAEHo]Z A ZF subclone o] A ¥k pCM13} 2 A 9]
red colonyE YER = A0 2 Holx pPCLe sfsd FA A
221 e] promoter’t 7ZAE g RAog FAHE o] Zt)

Table 2. Induction of maltose metapolism in £. coli strains har-
boring the various sizes of sfs4 genes?

Hoststrain ~ Plasmid  Glucose production®(pg) Efficiency® (%)
MK 2001 pKK223-4 9.50 100
pPC1 18.33 193
pPCW10 10.12 107
pPCM1 4513 475
pNPS 43.70 460
pAP5 50.35 530
MK 2001/ pKK223-4 10.20 100
1 mM cAMP pPC1 27.20 267
pPCM1 100.57 986
pNPS 88.74 870
DAP5 10863 1065

°E. colt strains were grown in L-broth supplemented with 1% mal-
tose and 50 pg/m/ ampicillin. *Glucose content was shown in pg
per ug of protein extract. “Glucose production of MK2001 containing
the plasmid, pKK2234 was denoted as 100%.

Table 3. Specific activity of amylomaltase in £ coli harboring
the various sizes of sfs4 genes®

Plasmid
pKK2234 pPCl pPCW10 pPCM1 pNPS pAP5

MK2001 2318 5090 2782 14603 10315 13328
100y (2200  (120) 630) 45 (575)
W3110 4.995 5136 4867 7992 7243 9391
(100 (103) ) (160) (145) (188)

Strain

"Amylomaltase activity was shown in units/ug protein. One unit
of amylomaltase activity was defined as the amount of 1 pg glucose
produced per min. at 30C, pH 7.0. E. coli strains were grown in
L-broth supplemented with 1% glycerol and 50 pg/m/ ampicillin.
®Amylomaltase production of MK2001 and W3110 containing the
plasmid, pKK223-4 were denoted as 100%.
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=99 ol e A FHy 436, 65 FA
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Fig. 2. Nucleotide and deduced amino acid sequence of the 2,126 bp Miul-Pstl fragment.
Putative CRP binding site is boxed, and the Shine-Dalgarno sequences are double underlined. The three dots under the sequence at three
positions represent the termination codon. Region of dyad symmetry thought to be involved in the translation is indicated by thick arrows.
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Fig. 3. Map of the plasmid carrying sfs4-lacZ fusion protein
gene. pSL7, an EcoRI-Sspl fragment of the sfs4 regulatory region
was isolated from pNPC and was ligated with the EcoRI-Smal dige-
sted lacZ fusion vector pMC1403. pNPC was constructed that Nrul-
Pstl fragment of pPCM1 was ligated with the Smal-Pstl site of
vector pUC118. B, BamHI; E, EcoRI; S, Smal. lac, lactose operon
(promoter and 8 amino acid is disrupted). amp, the bla gene enco-
ded the Blactamase.

Table 4. Effect of cAMP on the expression of sfs4-lacZ fusion
protein

Host strain/Plasmid —cAMP? +cAMP
TP2010 (Acya, Alac)/pSL7 2,260 2,000
TP2139 (Acrp, Alac)/pSL7 1,730 1,740
TP2010R1 (crp*, Acya)/pSL7 6410 14,890
MK2001 (erp*, cya::km)/pSL7 5,480 9,880

3B-Galactosidase activity is expressed as Miller Unit (three indepen-
dent assay). pSL7: An EcoRI-Sspl fragment of the sfs4 regulatory
region was isolated from pNPC and was ligated with the EcoRI-
Smal digested lacZ fusion vector pMC1403. pNPC was constructed
that Nurl-Pst1 fragment of pPCM1 was ligated with the Smal-Pst]
site of vector pUC118.

THA 24 N-2e] 61709] ol =4S codingdlal e
truncated protein®]c}.

Shine-Dalgarno (SD)®9] <7]ujdL- sfs4¢} ORF29]
W HAE 9130 ribosomal RNA7F A§shs 2oz A
WAl codono.Z2HE 74z} 10bp (AGACA)SH 6bp
(AGGA)®] AZE Fi EA3ldth sf4= KE stop co-
don 37 JH9 Fxoe AALE 22 A$e TS
3l Zo® FAHHO|AAL X stem and loop TRE
HAE Fo 2 HAXE dyad symmetryS zte o)
EA At
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I A EPonz, B APNMY st FART 9F
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Fig. 4. SDS-polyacrylamide gel electrophoresis of the sfs4 gene
expression in £ coli. The arrow indicates the position of the Sfs
protein. Molecular weight marker (lane A) included Bovine albumin
(66,000 Da), Egg albumin (45,000 Da), Carbonic anhydrase (29,000
Da), Trypsin inhibitor (20,100 Da) and a-Lactalbumin 14,200 Da).
MK2001/pPCM1 (lane B), MK2001/pPCM1/1 mM cAMP (lane C),
MK2001/ pPCl (lane D) and MK2001/pKK2234 (lane E) were
grown in L-broth containing 0.5% maltose.
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Nucleotide Sequence and Cloning of sfs4, One of the Genes Involved in the CRP*-Dependent
Expression of E. coli mal Genes.

Soo-Yeol Chung?, Moo-Je Cho®, Hee-Tae Jeong' and Yong-Lark Choi'™ (‘Department of Agricultural Chemistry, Dong-
A University, Pusan 604-714, Korea, *Department of Food Science & Nutrition, Dong-fu Women’s Junior College, Pusan
604-715, Korea, *Department of Biochemistry, Gyeongsang National Universily, Chinju 660-701, Korea)

Abstract : In Escherichia coli, CRP forms a complex with cAMP and acts as a transcriptional regulator of many genes,
including sugar metabolism operons. The E. coli MK2001, which is introduced the altered crp*, is functional in the
expression of lac, ara and man, in the absence of cAMP. However, the expression of mal gene is fully activated
by the addition of cAMP or ¢cGMP. The object of the study is cloning of the sfs (sugar fermentation stimulation)
genes, which was involved in regulation of mal gene expression with the altered crp*’ gene, and structural analysis
and characterization of the genes at the molecular level. We have cloned 5 different E. coli genes which stimulate
the maitose metabolism in a op*, cya::km (MK2001) background. Newly identified genes were designated as sfs.
One of the sfs genes (pPC1), located at the 53.2 min map position on the E. coli chromosome, was further analyzed.
Expression of the genes, which is involved in maltose metabolism, malQ (amylomaltase), was increased to 5.8-fold
in the presence of a plasmid, pAP5, containing the subcloned sfs4 gene. The nucleotide seguence of a common 2,126
bp segment of the pPCM1 was determined and two open reading frames (ORF1 and ORF2) were detected. The
ORF1 encodes the sfs4 gene and ORF2 encodes a truncated protein. Potential CRP binding site is located in the

upstream of the putative promoter in the regulatory region. Expression of the cloned sfs4 gene was positively regulated
by the cAMP-CRP complex.
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