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Evaluation of Novel Constitutive Expression Vectors Equipped with Mined Promoters from Metage-
nome. Han, Sang-Soo and Geun-Joong Kim*, Department of Biological Sciences, College of Natural Science,
Chonnam National University, Gwangju 500-757, Korea — The choice of expression vector is very important
for industrial production of proteins. Therefore, the systematic mining of promoters over a wider range of
genetic resource and/or host is required. We previously reported a novel bidirectional reporting system
(pBGR) for the isolation of promoters from metagenome and screened useful promoters that functioned con-
stitutively in E. coli under general culture conditions. Among them, three promoter sequences including each
upstream region were amplified by PCR and used to construct new expression vectors. To facilitate subclon-
ing, a multi-cloning site was incorporated into the downstream region of the revere primer sequence. Af these
sites, GFP, esterase and f-glucosidase were subcloned and analyzed the constitutive expression ability of new
promoter in terms of protein solubility and expression level. As a result, these vectors expressed the proteins
constitutively to a level of 2~3% of the total cell protein in soluble fraction (>80 %). This study suggested that
excavation of metagenomic promoters for construction of expression vector in a certain strain could provide a

way for the development of the expression systems.
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Table 1. Oligonucleotides used in this study.
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g =2 RE{Ql gl18(GenBank accession number, EU122301),
g196(EU122304), £200(EU122305)& AME5}e] Akl )
B2 A231535H9]. pBluescriptll-SK(+)2] 7| &24E o4
g ZAo g AZEAS PuullE A8t mult cloning
site(MCS)E #7138 F PCRE 554 359 T2 RE 99
S Az F2sAr ol & $sl gl18, g196, 22002
upstream®d &% E3F8|= forward primer, Z25F]9} RBSH
multi cloning site(MCSYE Z3¥F31= reverse primerE Al%3}
Geh(Table 1). WA 715 0] Folxd Plu polymerase (Solgent)
2 o] g3le] whEEr TR REE S3eY 5 AR
Z Pl Al EAE AD3) Z2Ar]=e) blunt end ligation
o= ARlslsic). efxl Azg Welo] AIE inser®]
WS Bl F AR FApEd HElE gl 7t
742 pG118, pG196 T8I pG2002-2 HH3AckFig. 1).
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93] A Ao 2 #-43F GFP, Esterase[5], B-Glucosidase
[2HPARE 229318iv). As3rie] vladiges odbby
L2 de] ARS8 pTre-99A, pMAL-c2X, pBluescriptll-
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w oz A sfe] §AAE Azt S2H 5 GFP,
esterase, P-glucosidasef31Ae] 23S 913t AlgtEAMY
o] A71E primer® & AT F PCRE T3 fAAE
ZFZ3)5cK(Table 1). 25 FAAE Z47re] HEle] Table
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At el WElsh Wz A18E HEl] v

Primer name Sequence
Common F 5’-AATGCAGCCCGGGGGATC-3’
Smal

G118R 5 -TCAAGCTTCTGCAGGAATTCCCATGGCATGCTTAGICTTCCTCA-¥
Hindlll, Psd, EcoRl, and Ncol

G196 R 5 - TCAAGCTTCTGCAGGAATTCCCATGGCATAAATTTCCTCCAGGC-3’
Hindlll, Pstl, EcoRl, and Ncol

G200 R 5 -TCAAGCTTCTGCAGGAATTCCCATGGCATTTTGCGCATTCCCTT-¥
Hindlll, Pstd, EcoRl, and Ncol

GFPF 5-ATCCATGGATGAGTAAAGGAGAAGAACTTTTCA-3

5-ACGAATTCATGAGTAAAGGAGAAGAACTTTTCA-3'

GFPR 5-ATAAGCTTTTATTTGTAGAGCTCATCCATGC-3'

Esterase F 5'-ATAGAATTCGTGCAGATTCAGGGTICATTA-3

Esterase R 5'-ATAAAGCTTTTACAGACAACCGGCCAAT

B-Glucosidase F

B-Glucosidase R

5-ATCCATGGTGATCGAAGCCAAGA-3'
5-TAGAATTCAACGCCGAAAAATTC-3'
5'-ATAAGCTTTCATCCCGGCTTG-3'

- Single underline represents the recognition and cleavage site by restriction endonuclease.
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Fig. 1. Schematic representation of novel expression vectors.
pBluescriptlI-SK(+) was used to provide a scaffold including the
ampicillin resistance gene and the replication origins. The pre-
dicted promoter was subcloned into Pvuli-digested pBluescriptll-
SK(+) by blunt end ligation.

pBR322 originn
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pPBGR1E Azlel & 2418 skl 733}, & AlFEE A 7l 235 21A]9] upstream §-$l(up elementE ¥&E7]% 5
Y ot ARl 2 e 543 T2 RE dhae) s non-coding region, 100-200bp)E F831= forward primer,
B8 7 oSS FASATH9). AelE ZHA @ A RBSS MCS(QIH o2 48] AFIE Neol, EcoRL
5, H)E 08 m Fol7kx) AHFH}o] FastDNA® SPIN  Hindlll, Psfl QA58 F8H8} reverse primers- F5
Kit(Bio 101, USAYE o-88 AAMF14 (metagenome)E B A2}k 5 pCRE H3}oitHTable 1), o] % 7bzle) =z w
et F AgtEss Frgdsle wlow Sejueles B 224 LS F&) A2 A WE pG118,
Al Zewe s Amsidet. Alzke SloluelelE  pG196H pG00S AzteldchFig. 1). Aol AMSE 3%0)
€3 37°Ce] AMbHl iAol A A 4 Z2wE 97| d3 Websl BAIE software® 2AE 33
A3 Pl ‘%%2- FEZ FEL 400F oA st 3} .10 9, AAPIAR(TSPI) YA Table 20 A5}
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Mg A=, ﬁH"*"’%ﬂ b e 52 ke FEst A AdSS T $ 9lglen), B3 g1969) ‘%37W°§_
FAYF FE i ANgR 22 M) 22 ”*é a3t I ideiRle] WA AT FA R v)$ §aLgho)
o}. °é7l/‘1%iv:’ﬂa Tl ARIE A MEe gad £ #iEgd.
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ZRREE AEA gA dEsisicl. 1Y) 28 2 ) A& 7%, MCSoll E2¢ = shHo] wanscriptional &
FEM A8 9b2 ORES©] E3te o] 3193\5.’.4 ht  translational fusionel] ©18] Ifre] AL Zbx] ¥st 4= )
°JAF9} putative promotert] 4L Fo)d <4 g)et) o] & = oH16). o)& WAl MCSYell RBSZ AW primerS A
=l AW AAREAA, & 35, 10 22T +1 9APF zheled olEW ZEwEe)] L8A SEsT, AlA] insert
A HEH e Al Y ZREE (118, gl96, 92002 ¢ 7 2R ¢k el bl ol RE #9189l S o)
A2 A 715AdE Belgt Ao Aol EYa & 2 el B4 oalle] we] AEHR] gkl &
EAN A7} glol A WHHE ARG HiFT 9SS B 3t 3Jo)o] DNAFZS insen® AFYSle] LaE S gwat A
A7 Zuslelc}o]. F, =2dH Z2RE 3 Zolae protein(peptide)
ofd At dAPUE Wee) T4 pBluescriptl-SK(+)  fusiono|t} frame shifr} AR A oo} alulel . o] L)
E YEA A" P28 24 (replication origin and selec- Zlel} BAI7F g Ao )0
tion markeryE A ¥ 71 BFA o ARl Hw)A
2.2 pBluescripl-SK(+)¢] Z2FEE ¥3Fg MCS7/}  SA|WE HEo| SMEMS 93t SRS 2RUT} L
Pvull(CAGCTG) site® AksPd Al A 4~ glo] AHEH & HI
ol F3hslaet. o] ol A% & A Ld T3 vEs o= A dee] deg v wElr] A8 ncZ 2 REE

Table 2. DNA sequence of promoter regions of mined promoter used in this work.

Promoter Structural organization of promoter sequence predicted

GATCTCCGCT GTTGCATAAA GTGAGTTTAT CTGTTTCTGT AGTAAGCTCT
GITCGATGGT AGGGAAAGAC TTACTATTAT TGATGTAGAA TAGATTTGGT
g118 ACTTGTAATT CTCCTGTACT AGCGTCGATT CCTGTAGATC GATATAATCG
CATTGGTAAA TTGGAACATA TTGGTCAAGG CATTGATAAA AGTATTGTTC
235 ~10 +1
GATCCGCGCC GAATAGATAT CCATCTGTAT ATATTGCGGC GAAGCAGCAC
TTAGGCTATA ATAAAAATAA TTGGACCTCG ACTTGGCCGT ATCCTGTTTG
ATAAAGTCAA ATTGCAGGIC AAAATCATCG TAGTACCGGT CGGATGGCAC
-35 -10 +1
GATCCTTCCG GTAATACTAC CAATGCGGCT GCTTATTCAT TCCNTACCTG
GATGCTACCA ATCAGATCCA AGCTACCGCG TACTAGACTN GACTTCGGAC
CCGTTTTCGG ATGCCCGTCC ATCCTACTTC CATAAATCCT TAGGAGGATA
4200 CCATGCTGCA AAATTAATGC GTTTCCAGGA AATTTTGGAA AATCAATTTA
ATGGTGCGCT CAATGAAGAT GTGTTGGATA TGTTTAATGT GCGTTATCTG
-35
ATTACAACAG ATCGTGCTGG CTGCATTTTC CGTACAGAAG GCAACCGCCC
-10 +1

196

Single underline represents -35 region, -10 region and +1 region, respectively.
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A. Soluble fraction

B. Insoluble fraction

Fig. 2. SDS-PAGE analysis for the measurement of expression
level in soluble and insoluble fraction. lane 1, pTrc-99A; lane 2,
pTre-GFP; lane 3, pTrc-99A (induced); lane 4, pTrc-GFP (induc-
ed); lane 5, pMAL-c2X; lane 6, pMAL-GFP; lane 7, pMAL-c2X
(induced); lane 8, pMAL-GFP (induced); lane 9, pBluescriptl;
lane 10, pBluescriptl-GFP; lane 11, pG118; lane 12, pG118-GFP;
lane 13, pG196; lane 14, pG196-GFP; lane 15, pG200; lane 16,
pG200-GFP. All soluble (A) and insoluble (B) fractions were
loaded on an acrylamide gel (10%) under denaturing condition.
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33t

A. Esterase
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B. GFP

910 11 12 1314 15 16
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Fig. 3. Native gel electrophoresis and direct detection of
esterase (A), GFP (B) and P-glucosidase (C) activity on the
solid gel, lane 1, pTrc-99A; lane 2, pTrc-insert; lane 3, pTrc-99A
(induced); lane 4, pTrc-insert (induced); lane 5, pMAL-c2X; lane
6, pMAL-insert; lane 7, pMAL-c2X (induced); lane 8, pMAL-
insert(induced); lane 9, pBluescriptll; lane 10, pBluescriptll-insert;
lane 11, pG118; lane 12, pG118-insert; lane 13, pG196; lane 14,
pG196-insert; lane 15, pG200; lane 16, pG200-insert. All samples
were loaded on an acrylamide gel (10%) under non-denaturing
conditions.
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Table 3. Comparison of expression level and solubility of pro-
teins expressed by commercial and our vector systems.

. Total expression  Soluble fraction
Expression system

(%) (%)
pTrc-esterase(-) 0.6 >08.0
pTrc-esterase(l) 2.4 >98.0
pMAL-esterase(-) 1.3 >98.0
pMAL-esterase(l) 38.7 30.2
pBS-esterase(-) 2.1 >98.0
pG118-esterase(-) 24 >98.0
pG196-esterase(-) 3.0 >98.0
p(1200 esterase( ) 34 >98.0

) pTrc GFP( ) 26 >98.0
pTrc-GFEP(I) 6.8 >98.0
PMAL-GFP(-) 2.2 92.3
pMAL-GFP(I) 26.4 934
pBS-GFP(-) 5.6 72.3
pG118-GFP(-) 6.8 81.2
pG196-GFP(-) 7.6 73.7
pG200 GFP( ) 6.8 85.1
pTre- B gluudase( ) 0.3 >98.0
pTre-B-glucidase(l) 5.9 12.3
pMAL-f-glucidase(-) 2.2 >08.0
PMAL-B-glucidase(l) 17.6 63.4
pBS-B-glucidase(-) 7.7 9.2
pG118-B-glucidase(-) 2.3 »98.0
pG196-f-glucidase(-) 2.1 >98.0
pG200-B-glucidase(-) 3.1 »98.0

Protein extracts were prepared from uninduced (-} and 1mM IPTG-
induced (I) cultures of recombinant cells with genes encoding target
proteins. All data given in table were mean value of duplicate exper-
iments.
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2 AGAAA &L shest WEl s T3 AlgA o), wak
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