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1 2 1 1%
' : 430074
PCR PCC6803  DNA ohl  cphl C-
435 pBluescript SK + pET30a Cphl Cphl C-435
PCB PCB
650 ~ 700nm PCB
PCB
Q784 A 1000-3061 2004 02-0238-07
Phytochrome
PCC6803
N 150
CBD
C HKD
1
1.1
Phycobilin Synechocystis sp. 6803
FACHB
pBluescript SK  + Stratagene
pET30a Novagen DNA
650 ~ 750nm T4 DNA Smal Xhol
/ EcoRYV MBI Taq Biostar
: IPTG X-gal ~ SABC
Phycocyanin PC Amersham Pharmacia PCB
84 Hugo Scheer
— Phycocyanobilin
PCB CpcE/CpcF
PC PCB ?
2003-07-21 2003-10-12
No.90201001 30270326
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1.2 PCR
PCC6803 DNA GenBank
D64001 PCR P, P,
P; P, P, 94C 400s
94°C 60s 48°C 90s 74°C 120s 30
74°C 300s P, P, 94°C
400s 94°C 60s 48°C 90s 74°C 90s 30
74°C 300s

P1 5’-AAA CCC GGG ATG GCC ACC ACA
GTA CAA CTC A-3'

P2 5'-AAT CTC GAG TTA GTIT GCC AAT
GGG GAT G-3'

P3 5'-AAT CTC GAG TTA GCT AAA CAC
CAC CCG ACC A-3'

1.3
3 PCR DNA
Sma 1 Xho |
pBluescript TG1
IPTG  X-gal
PCR
Smal Xho |
EcoRV Xho | pET30a
BL21 DE3
1.4 SDS-PAGE
BL21 DE3
RB
0.5% 1% NaCl 0.5% 0.2% pH
7.6 37C ODy 0.5 20C
lh IPTG Immol/L. 20°C
6h  1mL 10 000 x g 1x
9:1 100°C5min 8%
SDS-PAGE 34
1.5
pET30a
N 6
His-tag
1.6
1 1.4

30mlL
1mL R 50
mmol/L. TrisCl ~ 300mmol/L. NaCl 5 mmol/L. EDTA
0.2mmol/L. B3- 0. 1% Triton X-100 pH
7.8 ° A.
PCB Imin
3h

PCB

0.5mol/L. NaCl 500mmol/L
L Tris HCl pH =38
CpcE/CpcF pPC
B- Mg Tris HCI NaCl
Mg " B- 100mmol/L
50mmol/L.- Smmol/L. Smmol/L. Smmol/L. pH = 7.0 ~
7.5 0.6mL°
25°C 12h  37°C 3h
CpcE/CpcF 0.5mol/L. NaCl 50

1mol/

mmol/L

1.7
Perkin-Elmer Lambda 25
300 ~ 800nm
960nm/min 1.0nm
7
F-4500
1200nm/min 5.0nm/5.0nm

1.8

8mol/LL pH =2

1.9

10% 2 1 x
9 1 100°C 5min SDS-PAGE
1mol/L.

7

© hERER A kB AT 2B0RKEEE htto:// journals. im. ac. en



20

240
1.10 PC 1.3 1.4 pET30a
PC DEAE BI21 DE3
UTEX 1931 pH=7.1 SDS-PAGE 2 IPTG pET-
100mmol/L KPP PC pH = cphl pET-cphl C-435
7.1  1mol/LKPP 3 12 000 x g pET30a
10min PC* N His-tag
1.11 CpcE CpcF His-tag-Cph1 His-tag-Cphl C-435
CpcE CpcF 89.2kD  40.3kD marker
PCC 7603 2
1 2 3 1 2 3
a KD kD
2 —116 &
2.1 cphl cphl C-435 PCR Wy . . —s
—s8 —
P, P, cphl P, P, — 485 - —36
cphl C-435 53 v -
Xho I Sma 1 3 - —365 - —
2247bp  942bp —266
la  DNA PCR ® —»
pBlu-cphl pBlu-cphl C-435 2 Cphl Cphl G435 SDS-PAGE
PCR Fig.2 SDS-PAGE of the overexpressed
Cphl and Cphl C-435
1b 1.0% a 1 Cphl induced with IPTG 2 Cphl not induced with IPTG 3
Cphl Cphl C-435 protein molecular weight marker b 1 Cphl C-435 induced with
) 47bp 9 42bp IPTG 2 Cphl C-435 not induced with IPTG 3 protein molecular
weight marker
12 3.4 5 1234 56

2322~

2027

1 PCR a PCR Sma 1
Xho 1 b

Fig.1 Agarose gel electrophoresis of PCR product recombinant
plasmids examined by PCR and digested by Sma [ and Xho |

a 1 ADNA/Hind Il marker 2 PCR product of ¢phl 3 PCR pro-
duct of ¢phl C-435 4 negative control of PCR 5 DNA ladder

b 1 ADNA/Hind Il marker 2 pBlu-cphl examined by PCR 3
pBlu-cphl digested by Sma I ~ Xho I 4 pBlu-cphl C-435 exam-
ined by PCR 5 pBlu-cphl C-435 digested by Smal Xhol 6
DNA ladder

2.2

pBlu-cphl  pBlu-cphl C-435

2.3
2.3.1 1 1
Cphl  Cphl C-435 PCB
1.6
PCB 660nm
370nm  700nm
Cphl  PCB 35min
657nm Cphl
C-435 PCB 1h
648nm 3
/
700nm
8min
650nm 650nm Smin 650nm
700nm

1.6
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4 PCB 650nm
®) PCB 606nm  597nm
8 8
5 g PCB
2 <
PCB
Ly ol o\ v Tt
300 400 500 600 700 800 300 400 500 600 700 800
A/ nm A/ nm 0.06 : @ 0.0
005p  } 0.08
3 Cphl a Cphl C435 b PCB 8 0.04 3 :
£ 003 5006
§ 0‘0.2 § 0.04
Fig. 3 Autoassembly with PCB. Changes in absorption spectra < 00l <
. ’ 0.02
during autoassembly of Cphl a and Cphl C-435 b 000l vt 1. L L L L i
300 400 500 600 700 800 300 400 500 600 700 800
The directions of the absorption changes are indicated by the arrows. a A/nm a/nm
Solid line the apoprotein Cphl The other curves indicate the absorption
spectra of Imin 3min Smin 15min 35min after mixing respectively. 5 Cphl a Cphl C-435 b
8mol/L. pH=2

The other curves indicate

b Solid line the apoprotein Cphl C-435

the absorption spectra of Imin Smin 10min 30min 60min after mixing

respectively
0.20 (a) 0.12
g 013 %008
§ 0.10 £ -
Q JZI R
E 0.05 e 2
000F T 0.00

300 400 500 600 700 800 300 400 500 600 700 800
A/nm A/nm

4 Cphl a Cphl C435 b PCB
Fig. 4  Absorption spectra of the reconstitution products with PCB

Py solid curve and difference spectrum

Cphl C-435 b

P. dashed curve

dotted curve forms of Cphl a

Pr Pﬁ'
650nm  700nm
PCB
PCB
5 Cphl Cphl C-435 700nm
PCB 656nm

655nm

Fig. 5 Absorption spectra of holo-Cphl a and holo-Cphl C-435
b after denaturation in the dark with urea 8 mol/L in
the presence of hydrochloric acid pH =2
Solid line corresponds to denaturation after saturating irradiation of native
sample with 650 nm light - and dot line to denaturation after saturating ir-

radiation of native sample with 700 nm light

Cphl Cphl C-435

700nm
PCB 630nm
660nm
650nm
PCB PCB
6
PCB
20 @ ®)
3 16 3 16p
§ 12 812
£ s E;) 8
£, =y
0 A0 660 680 700 0 740 640 660 680 700 720 740,
A/mm A/nm
6 Cphl a Cphl C-435 b
PCB
700nm 630nm

Fig.6  Fluorescence emission spectrum of reconstituted
products of Cphl a and Cphl C-435
with 700 nm light excitation wavelength 630nm

b after irradiation

2.3.2 I
1.6
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1 25C 0.04 @ 004
CpcE/CpcF 12h y 00 g 093
% 0.02 E 0.02
PC 6h 7 £ 001 £ £ 001
Z000f o o N £
Cphl Cphl C-435 < 001 0.00F ..
PCB 00500 300 500 600 700 800 300 400 500 600 700 800
A/nm A/nm
7 Cphl a Cphl G435 b CpcE/ CpeF
CpcE/CpcF PC PC
- PCB PCB Fig. 7 Absorption spectra of reconstituted products
PCB of Cphl a and Cphl C-435 b with PC respectively
catalyzed by CpcE/CpcF.P, dashed curve
P; solid curve and difference spectrum dotted curve
1 Cphl Cphl C-435 PC
Table 1 Different reconstitution efficiency catalyzed by CpcE/CpcF
Cphl/% Cphl €435 /%
a’ b c d a b c d
Al = DAy 100 66.7 60.0 3.3 100 86.7 73.3 13.3

a reconstitution with PC for 6h after pre-treatment of apoprotein and CpcE/CpcF at 25°C overnight

b reconstitution with apoprotein for 6h after pre-treatment of PC and CpcE/CpcF at 25°C. overnight

¢ reconstitution of PC and apoprotein catalyzed by CpcE/CpcF at 37°C for 3h

d  reconstitution of PC and apoprotein without CpcE/CpcF. ™ For clarity we set the relative reconstitution efficiency of Cphl and Cphl C-435 of method a as

100%  respectively.

kD 12 3 Cphl
16—
. SDS-PAGE
84— W | Cphl
54— -
485 — 3

36.5— Cphl

8 Cphl Cphl C-435
a b

Fig. 8 Coomassie staining a and Zn’* -induced

fluorescence under UV b of Cphl Cphl C-435 £ coli
1 purified His-tag-Cphl C-435 2 purified His-tag-Cphl 3
protein molecular weight marker 4 purified reconstitution prod-

—_— . . SDS-PAGE
uct of His-tag-Cphl C-435 with PCB 5 purified reconstitu-
tion product of His-tag-Cphl with PCB

2.4 2 Cphl Cphl C-435
Zn AA,. - AA,, 0.11  0.055
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Cphl-PCB  Cphl C-435 -PCB  AA,,/AA,,
1.22  4.05
Cphl C-435 C 435

n
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Study on the Reconstitution in vifro and Photochemical Activities of
Phytochrome from the Synechocystis sp. PCC6803
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School of Environmental Science & Engineering  Huazhong University of Science and Technology Wuhan 430074 China
2 School of life Science & Technology —Huazhong University of Science and Technology Wuhan 430074 China

Abstract Genomic DNA sequence analysis of phytochrome like photoreceptors in a number of bacteria revealed several open
reading frames ORFs encoding proteins with amino acid sequences homologous to plant phytochromes. The phytochrome like

photoreceptors  collectively called bacteriophytochromes contain an N-terminal domain homologous to the chromophore-binding
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domain CBD of higher plants and a C-terminal domain of histidine kinase domain HKD . Due to their simple structure bac-
teriophytochromes broaden the view of phytochrome evolution and provide us with a simple model to investigate phytochrome-med-
iated light signal in higher plants.

In this report the bacteriophytochromes from Synechocystis sp. PCC6803 were investigated. The gene c¢phl and its frag-
ment ¢phl C-435 were isolated from the Synechocystis sp. PCC6803 genomic DNA by polymerase chain reaction PCR using
specific primers. Then the genes were cloned with the vector pBluescript yielding plasmids pBlu-cphl and pBlu-cphl C-435
before they are subcloned with the vector pET30 using the EcoRV and Xho I restriction sites. pBlu-cphl pBlu-cphl N-435
were cleaved with Sma I and Xho I ~ and the released genes were ligated to the pET30a fragment. The E. coli strain BI21

DE3  cells containing recombinant pET30a were grown in medium RB at 20°C and harvested 6 h later after induction with
isopropyl thio-3-D-galactoside IPTG . Then reconstitution systems were employed to study the characteristics of the genes. In
the reconstitution system autoassembly of aprotein of phytochrome with PCB was investigated. The chromophore addition was an
autocatalytic process. Reconstitution products were red/infrared R/FR  photochromic  which was similar to that of the phytoe-
hrome in higher plants. How ever the spectral change ratios AA,, /AA;, of the two fragments differed from each other. Tt
was also shown that PCB was covalently bound to apo-protein via Zn** fluoresc ence SDS-PAGE. After irradiation by light of
700nm the maximum absorption spectrum o f holo-Cphl was 650nm. The absorption of it after denaturation in the dark with ur
ea in the presence of hydrochloric acid pH =2 was 660nm which was similar with th at of ¢is-PCB. In addition after irradi-
ation by light of 650nm the maximum absorp tion spectrum of holo-Cphl was 700nm. The absorption of it after denaturation in
the dark with urea in the presence of hydrochloric acid pH=2 was 600nm which was simil ar with that of trans-PCB. The re-
sult showed that the photochromism of phytochrome resulted from the isomerizaation of chromophore PCB in this report . The re-
constitution of Cphl C-435 under the same condition supported the conclusion. Fluorescence emission spectrum of the products
suggested that bacteriophytochrom e structure with c¢is-PCB was more stable than that with trans-PCB.

The new reconstitution system in this report sets a base for the application of phytochrome as photochromic biomaterials in

biosensors. In addition phytochrome shows great potential in food cosmetic and biological engineering etc .

Key words bacteriophytochromes ~photochromism  reconstitution in vitro
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