TSR H35H H2%

Biotechno!
5, No. 2, 141-145 (2008)

sa5, NZH X 281 8

1 2
Aol YU

‘Fuieln Azl taEy

48 gl &

, MAIE,
BFAATY AN aTAE, Thrteta et

HH0I? dIXEH

Su?, woig"

Cyanobacterial bioreporters for detection of heavy metals,
herbicide, and antibiotics

Soo Youn Kim', Won Joong Jeong®, Kye-Hong Suh®, Jang Ryol Liu’, and Youn-1l Park"
'Department of Biology, Chungnam National University, Daejeon 305-764, Korea
“Plant Genome Research Center, KRIBB, Daejeon 305-806, Korea
*Department of Biology, Daegu University, Gyoungsan 713-714, Korea

ABSTRACT In

this study, glucose-inducible intergenic sequences were used to generate bioreporters of the

cyanobacterium Synechocystis sp. PCC 6803 that could monitor environmental pollutants. Luciferase genes

LuxAB from the marine bacterium Vibrio fischeri under the control of glucose-inducible intergenic seqeucens

of eight genes (afpl, ndbA, ctaDl, tkt, pgi, pdh, ppc, and cydA) were successfully expressed in the cyano-

bacterial transformants, showing 5-25 fold increases in biclumeniscence upon exposure to glucose. In addi-
tion, glucose-inducible cyanobacterial bioreporters were very sensitive to various chemicals such as heavy
metals (Hg2+, Cu®*, Zn*"), electron transport inhibitors (DCMU, DBMIB, CN'), and antibiotics (chloramphenicol
and rifampicin). These glucose-inducible cyanobacterial bioreporters would be useful to develop biosensors for

rapid screening of environmental samples.
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Table 1 List of primer and location of intergenic sequences used in this study.

NZEH 4 2dH HEE EMT [ 602 2/ZE - 143

Gene

Locus

Primer

Location of intergenic sequence

atpl

sli1322

Forward
5 -AACTGCAGCCTCTTTACCCCGTCAATCTCAC-3'
Reverse
5-GGGGTACCCCAAGAGGTTGCAAATGTTTGCC-¥

177591-177320

ndbA

sir0851

Forward 5-AACTGCAGTTATCTGCTTGGTTTGCTTGCCAG-3
Reverse
5-GGGGTACCGGCAAAGCCGCCCCCGACAATA-Y

1336799-1337358

catD1

sir1137

Forward
5-AACTGCAGTCTGTGCTGAGTTGTGTGGTGC-3
Reverse
5'-GGGGTACCCCATGGATTCCGTTGGAGCCGG-¥

791559-791819

tkt

sii1070

Forward
5-AACTGCAGATAGTGGATGTAGCCCTATCCAAC-3
Reverse
5-GGGGTACCGGCTAAAAAGCGAATGGCATTAATA-Y

820479-819919

pgi

sir1349

Forward
5-AACTGCAGTTGGTGGTTAACCACACACTGTC-3'
Reverse
5-GGGGTACCGAGGCCACCATGGTAATAAAGC-3

1744103-1744558

pdh

sii1721

Forward
5-AACTGCAGAGCCTTCGCCTTTGTGCCCTAAT-S
Reverse
5-GGGGTACCCCGTCCCATTTCTTCGTCAAGGG-3'

955927-855367

ppc

sli0920

Forward
5'-AACTGCAGAAACGCCACTATTTAGTTTTTGTT-3'
Reverse
5-GGGGTACCACCATTGCCATTACCAGACCAG-2'

1997674-1997191

cydA

sir1379

Forward
5-AACTGCAGGCGTGAGTCAGCAGAAGAGGAA,
Reverse
5-GGGGTACCGGCAGTGACGGBCAAATTGTAGC-Y

673559-674188
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SR W,
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al. 2007).

ZEG Eo|4 0 G4 o] F7h5h BEBU §

3%e oAl

Fl{‘
N
2
2:

S EEREE

atpl, ndbA, pdh,
AHA7E 97

242k 10 mMe} £ms YA 27 3]

Z of 2} s
B0 B, e A= 1) Zog AIAEAY gazidol A 1A HEe & AEEFFE S8 Fig 19 U

A (hexokinase), 2) &

A 27| ol BOEN £ ATAE,  ehd vl Zol, plLA t2F 73]
2 3) iARHE QR Zrg FA FR7E ACHRA
(Moore et al. 2003). ‘FAlFo A9 E

g3k A gl 2R 9 1

=g Asdg F2

Z:,o

¢

ojlsich Fte] IR o= Ay FAAY] W] =AY A4S U

Egof qolstn, Ao

ko

L= vy

A Z2 redox state®} pHO F

=

HE 2ET 2 &

o AR z2rE PHE Rtk dF e FAs 29004
of @A o407 2T Ao o3 FEAFLOl ST
gl vlg) a7t 3}"5 o1, pdhot tht ZREE BAE Frdhe 457 M
..]

o3t =T FEA HEEF

.gyygur_ GAF 190 Te 454 LERHE G

7holl o3 o2 HE v Itk (Ryu et al. 2004; Lee et 83 EHAE Hio| A7} 7Ht£5¥‘213 = gtk




144 - Journal of Plant Biotechnology

- Glucose
+ Glucose

@ + Glucose /-~ Glucose Q%
il

100000 -

10000

Gene expression
Glucose induction (fold)

1000

ILA pgi cydA ppc zwf atpl pdh tkt ctaD1

Figure 1. Changes in luminescence of Syrechocystis sp. PCC
6803 transformants grown under photoautotrophic growth con-
dition (- Glucose) and then exposed to 10 mM glucose in the
light for 1 hr (+ Glucose).
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Figure 2. Effects of electron transport inhibitors and antibiotics
on luminescence responses in Synechocystis sp. PCC 6803 trans-
formants with pdh intergenic sequence. Cells were treated 10
mM glucose for 12 hr in the growth light condition and then
treated with various chemicals for 1.5 hr before measurement.
Co, control; DH, 10 uM DCMU + 10 uM Hg™; DR, 10 uM
DCMU + 50 M Rotenone; CB, 100 uM KCN + 10pM DBMIB;
CP; 50 pM CCCP; CR, 125 ug ml! chloramphenicol; RF, 300 pg
ml” rifampicin,
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Figure 3. Effects of heavy metals and CN on luminescence
responses in Symechocystis sp. PCC 6803 transformants with
pdh intergenic sequence. Cells were treated 10 mM glucose for
12 hr in the growth light condition and then treated with various
chemicals for 1.5 hr before measurement.
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