CHAPTER 111

RESULTS

3.1 Characterization of SI110337 and SIr0081 using oligonucleotide-directed

mutagenesis

3.1.1 Identification of t
Alignments of the 7 and SIr0081 with those of

PhoR of other cyanob e start codon of s/[0337 is

different from the '\" .kazusa.or.jp/cyano/cyano.

\ identified correctly. The start
\ G while that in Cyanobase

was GTG. Thus, the annotagion, iz cyanot i‘ indicated that PhoR lacked 47 amino

htmi) whereas the start'Cod
codon of phoR gene from t

acids (Fig. 7). Therefore RT-PC r"’ ind h'e ’l as carried out to identify the correct

start codon of s//0337;

The RNA was ﬁtra ‘ et @)wn in phosphate-limiting

BG-11. The cDNA wasfachieved by revetse transc?itlon by using sll0337 gene
9] Y

e g &) L DD AEL L e,
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and an oligo d(T)-anchor primer. The PCR reaction was used to amplify the DNA
fragment using the PCR conditions as follows: an initial denaturation at 95°C for 4
min followed by 30 cycles consisting of 1 min annealing at 51°C, 1 min extension at
72°C and 30 s denaturing at 94°C. The reaction was ended with a final extension at

72°C for 5 min. A second round of PCR was performed using 5 pl of first round PCR
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| RTGHAAATAATTACATTGGCGATCGGCGGGGCAATTGGTTTTGGCATCGGGGCGATCGARCGGTTTCGGCTCARTAATAA 80

81 AATTAAAAAATTGCTCACTGGGCTGCCGGATACCCAGGAAGTTTCCCATTCCCTGTCCCTTGTGTCCCTGGTGCGGCGAG 160
e BTGFCCCTGGTGCGGCGAG 19

161 AAATTAATCACTTAAATGATCTCTGTGCGGAATATCTAGATACCATTGCCCATTGGCGGGGAGTAATGTCCCTTTCTCCC 240
20 AAATTAATCACTTAAATGATCTCTGTGCGGAATATCEAGATACCATTGCCCATTGGCGGGGAGTAATGTCCCTTTCTCCC 99

241 CTCGGTTATTTATTAATCGATCAGGAAAATAATTTGGAR ; ATCCTGCGGCTGAAAGTTTGCTACATATCCGTTA 320
100 CTCGGTTATTTATTAATCGATCAGGAAZ g7 g ol CTGCGGCTGAAAGTTTGCTACATATCCGTTA 179

321 TTGGCAACCGGGGGAACGCAGGCT TEBEELGS: ATTCGen et TTGGATCAATTAATTGAGTGTACCCGGC 400
180 TTGGCAACCGGGGGAACGCAGGCMEIING cGmGGATCAATTAATTGAGTGTACCCGGC 259

401 AAACCCAAACTAACCAGACTCEEGAAT GG, PoTT T BCAC CCOBBBECATGGAAGGTTGGGGCARTCACCGC 480
260 AAACCCAAACTAACCAGACTCGGGE -\ CCATGGAAGGTTGGGGCAATCACCGC 339

GGCAAAGTGGCTGTATTTGTGGAMA 560
CAAAGTGGCTGTATTTGTGGAAAA 419

481 CCACTAACACCAGAGTCGATTC
340 CCACTAACACCAGAGTCGAT

36l TCGCCAAACTTTAGCGGCCCTGG PAG v TR SCCACGAGTTACGAACCCCTTTAA 640
420 TCGCCAAACTTTAGCGGCCG ‘ole T ACGOAEEA TRTIE CC GCCCACGAGTTACGAACCCCTTTAA 499

641 CAGCGGTGGCTTTGATTGCGGAMGT WIAGRGEC T2 P ; I ACTGGGCCGAACGGTTGTTGAAG 120
500 CAGCGGTGGCTTTGATTGCGGARCGTT? ACH CBEAAGATEEGGACTGGGCCGAACGGTTGTTGAAG 379

721 GAGATTTCTCGTTTGCAGAATTTGETGERAAGTEGG f’ ACCRAAREAACCGCTARTCCCAATCTTTACCTCGA 800
580 GAGATTTCTCGTTTGCAGAATTMEGCTGEAAAGTIECASFOG A\ AATAACCGCTAATCCCAATCTTTACCTCGA 639

801 GCCAGAACCGATTAATTTACGCCAT]

f AACCCCGATCGCCGTGGTAAAAAATATCA 880
660 GCCAGAACCGATTAATTTACGCCATTTAC

GATTAACCCCGATCGCCGTGGTAAAAAATATCA /39

88l CCCTGGATTACCAAGGGCCAACCAAGTHEES 3 ATCGTCTGATGCAGGTATTGATGAATATTTTG 260

740 CCCTGGATTACCAAGGG C 3 TGCAGGTATTGATGAATATTTTG 819
e el

98l GACAATACGCTGAARATATR

‘( ACAGAAGGGATCACCATGAT 1040
820 GACAATACGCTGAAATA

EGCACAGAAGGGATCACCATGAT

H | it
1081 7 AT AGGGATCAAGGCCTA ;,I, TTCAACCAAGGG ACATTTTTGABEGACTTTATCGGGGTGATAGTTCCC 1120

TATTAGGGATCAAGGCCTAGCGATTTCAACCAAGGGATTTACCCTACATTTTTGAGCGACTTTATCGGGGTGATAGTTCCC

121 rgorececTad GGARATTGTCCTGGCCCAC 1200
980 GrgeTeGecTAC W GAAATTGTCCTGGCCCAC 1059
1280

} (2)60(1) AGGGGAAATTTAA( GCTAACCATGAAACTGGGGGAGCAATGTTCACCATTGAGCTGCCCTATGAACCGAATATGGA 1139
GGGGAAATTTAAC AGCTAACCATGAAACTGG?GGAGCAATGTTCACCATTGAGCTGCCCTATGAACCGAATATGGA

EERERNN TN INYIAY

Figure 7 Nucleotide sequence of s//0337. Nucleotide sequence of s//0337 from PhoR
cyanobacterial sequence alignment (black letters) and Cyanobase (blue letters). The
start codon of s110337 from alignment and Cyanobase are indicated by red and black

boxes, respectively. The stop codon of s110337 is indicated in green box.
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product, the s110337 primer (reverse primer 2) and anchor primer. The PCR reaction
involved an initial denaturation at 95°C for 4 min followed by 30 cycles consisting of
1 min annealing at 54°C, 1 min extension at 72°C and 30 s denaturing at 94°C. The

reaction was ended with a final extension at 72°C for 5 min. The PCR product from

the second round of PCR was checked'o: garose gel (Fig. 8).
The PCR product 0.65 und of PCR (Fig. 8, lane 3) was
cut, purified and cloned intg thespGE recto he plasmid was extracted and

sequenced by using the=uifiiversal pri der) e icated that ATG, not GTG,

3.1.2 Construction of tlfe or mutagenesis

A

To create specific ami ;e::—.-v'-'- choeystis sp. PCC 6803 mutant strains, the

mutagenesis plasmid containin p Ahe g’Em e rr ions has to be transformed into the

corresponding deletio é"“"E"E".'[fT".‘_ifff'(?'fﬂ“:“_“”“"“—;:fﬁ constructed by insertion
of the antibiotic- re31st cas sctte downst of the gea. This plasmid was named

as the control ﬁmld “The. deletion straib/was constructed by transforming the

I EL LR LR R & n vt
L NI IV Y

Th mutagenesis plasmid, pTZsl10337- -kan® and Asl10337-cam® deletion strain

deletion plasmid

that was used for the construction of mutants at Thr-214 of S110337 were obtained

from laboratory stocks. The restriction enzyme digestion of pTZsllO337-kanR and
genomic PCR of Asll033 7-cam® strain were carried out to confirm that the desired

plasmid and deletion strain had been obtained from the laboratory stocks.
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Figure 8 PCR produizﬁt:‘l from 595113&&:35;9' R , iduct was analysed on 0.8% agarose

1ebative control in which no

X

reverse transcriptase adcﬁ"jg (lane 2) P product fro{ﬁ 5’-RACE (lane 3).

AUEINENINYINT
RIAINTIUNNIINYIAL



AAATGCTGCTCCGGACTAGG
‘ ATTGGCGATCGGCGG
TCGAACGGTTTCGGCT
TGCCGGATAC
'GTCCCTGGTGCG

Figure 9 Nucleotide seqtieng ACE. The translation start

codon of s110337 of Synechogpstis sp PO l__ indicated in blue letters. The
translation start codon from cyanoba own 1o red letters.

=

4

AU INENTNEINS
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The EcoR 1 digest yielded fragment of 4.1 kb and 1.9 kb and the Hind III digest
resulted in three bands of 4.0 kb, 1.4 kb and 0.6 kb (Fig. 10). These restriction digests

confirmed that the pTZsl10337-kan" plasmid was correct.

The PCR products from wild type and the Asll0337-cam® mutant were

denaturation at 95°C for 4 mi ,,._% 0 ovelc consisting of 1 min annealing at
62°C, 3 min extension at 72°C_ and" urmg.at 94°C. The reaction was ended
uets obtained conform to the

predicted sizes (Fig. 11) thes€ t was the correct strain.

N\

The mutagenesis p smid /pT: the Aslr0081-spec® deletion

51r0081 were obtained from

. ’_\\

sh 06
strain required for rnakl g 1 ta?ﬁ%

laboratory stocks. The restri '-.éff::.mae‘ on of the pTZslr0081-cam® plasmid

and genomic PCR of the A 1-spec str rigd out to confirm that there

 — g

by ‘

were the desired plasm -5?‘ |

The EcoR 1 digest ‘ylelded fragments of 4.8 kb and 2.8 kb and the Hind Il

s s 14 BT W B V5] e resicion s

confirmed that the pTZslr0081-cam plasmid was cesrect.

s R WEAN AR E IR AN (PR Y A e
to be 2.6 kb and 1.9 kb, respectively. The PCR products obtained conformed to the
predicted sizes (Fig. 13) therefore, the Aslr0081-spec® was the correct strain.

However, in previous studies the control plasmids of both s//0337 and slr0081
had not been transformed into wild type Synechocystis sp. PCC 6803 for construction

of control strains. In this study, these strains were made to ascertain that the antibiotic
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(A)

Sph 1

Hind 111 \\¥

4.1,4.0kb
Hind 11
s110337 1.9 kb
1.4 kb
pTZ19U0
5996 bp 0.6 kb

pTZs110337-kank

Figure 10 The pTZsll033 kaff plasrmd; ’(A.j? The sI10337 gene was cloned into

pTZ19U. The kanamycm resistaiice casse‘l{e TS 1nserte(‘:1{, at the Pst | site located

_d.a"

are showed by black andzgray arrows, respectively. (B) Restrlctlon enzyme digests of
pTZsl10337-kan® Digested gplagmidsy swewe) japalysedy o 0.8% agarose gel
electrophoresis. "Il Kb Plus DNA marker (lane 1), uncut plasmid (lane 2), EcoR 1

digest (lan¢ 3)\and Himd\11/digest (1ane 4)!
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(A)

! J 3.6 kb

upstream

upstream

Figure 11 PCR demo_nstrating-fAsisi'QB37-0%‘¥&ain. (A) DNA map showing the

A &
— 5 — ‘o

5110337 gene and Asll0387=cam™=The chicramphenieolsresistance cassette is inserted

B

at the EcoR I and Hindjl site. The /10337 and chloratuphenicol-resistance cassette
are shown by whitesand, gray, boxes; respeetively: sliheys#Q337 forward and reverse
primers are showlilby arrows. (B) PCR products were analysed on 0.8% agarose gel
electrophgtesis! 1| Kb Plus DNAImarker (lane 1), wild type (1ané 2)|and Asll0337-

cam” strain (lane 3).
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(A) (B)

6.6 kb
4.8 kb

2.8kb

0.9 kb

shown by gray and bla'ﬂ arrows, re ﬁtriction enzyme digests of

pTZslr0081-cam® were anqu d on 0.8% agagose gel electrophoresis. 1 Kb Plus DNA

marker (lane 1)ﬂ.u ﬂ%%ﬂiﬂﬂﬂlﬂi and Hind 111 digest
o RIS NSUURIAINGE
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(A) (B)

—>

T — Bsu361

o

upstream downstreazgme ™

upstream

— T \ .
Figure 13 PCR from genomic DNA"obtaine&frdm the Aslr0081-spec® strain on 0.8%

agarose gel electrophonism (AY Genomlc mdp‘ s‘ﬂowmg th? slr0081 gene in wild type

and the Aslr0081 spec~_,thutant The spectmomycm-remstande cassette was inserted at
the Bsm I and Bsu36 Isftes. The sir0081 and spectino“rrrycin-resistance cassette are
shown by whit¢,and fgtay Hoxes] tespectivelyl/\! The slr08T forward and reverse
primers are shown‘by ‘arrows. (B) PCR prociucts were analysed on 0.8% agarose gel
electroph‘o‘r,eéisl 1 Kb Plus DNA ma,rkér flane 1),ewild] type (laﬁe 2) Jand Aslr0081-

spec” (lane 3).
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cassette, included in the mutagenesis plasmid construct as a selectable marker, had no
unexpected deleterious effect in the resulting strains. The photoautotrophic growth
was followed in both deletion and control strains comparing to wild type under normal

BG-11 and phosphate-limiting conditions.

After the wild type of Synechocys i PCC 6803 was transformed with the

s110337 control plasmid, the ins was verified by southern blot

analysis comparing between W 18 anv the%&tram In this experiment, the
genomic DNA was dige |
were obtained from t strains, respectively. To
determine whether th ould grow under phosphate-

limiting conditions as \ photoautotrophic growth was

compared to that of wild type !;-%‘:, 1s exhibited similar growth in both conditions
(Fig. 14).
When the sa L}JMLS’ 081 strain. The genomic
opemen At sore ]

DNA was digested witv crm 3.8 kb, 3.2 kb and 1.1 kb

bands were obtained in thg,wild type, comtrol and deletion strains, respectively.

st B UL R WA v o
W’]ai umqu.lﬂqaﬂadnoeffecton

Aftgr the results showed that the antibiotic-resistance cassette
the phenotype of the mutant strains, the mutations at Thr-214 of S110337 and Asp-88 of
SIr0081 were constructed by using oligonucleotide-directed mutagenesis. The mutants
and wild type cells were grown in normal and phosphate-limiting BG-11 for 24 hours.
The effects of these mutations were determined by measuring the alkaline phosphatase

activity, in vivo.
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(A)

35kb
0.5 kb
24kb
23 kb
— 2.6 kb
=
S
Figure 14 Confirmation of th and their photoautotrophic growth.
(A) Restriction map czﬂth@ sl A showing the wild type
(top), PhoR:control 6511033 7gene, kanamycin-
resistance cassette and ¢ icol-resistance casse&l are shown by open, black

and grey boxes ﬁ%@ﬁ%ﬂﬁ{%ﬂﬂﬂ ﬁne 1), S110337:control

(lane 2) and ASll%l}37 (lane 3). Gengmic DNA digested mtk})ra I and probed
using a %ﬁ g)ﬁ/ﬁtﬂlm uﬁl&%gf]@i E{Ie in (A). (O)
Photoautotrophic growth of strains as measured by the optical density at 730 nm in
normal BG-11 (closed symbols) and in phosphate-limiting BG-11 (open symbols).

Wild type (red), sl10337:control (blue) and Asll0337 (green).
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A) (B)

L ’ kb
38
0.5 kb 32kb

100 150 200

Time, h

Figure 15 Co ation of the SIr0081 mutants and the ir-photoautotrophic growth.

(A) Restriction map oim'-e mic BNA showing the wild type

(top), slr0081:control (miiddle) and Askrf081 (bottom).  The sir0081 gene,

chloramphemco@iuﬂ anﬂm.ﬂﬂﬂeﬂie cassette are shown
o T IR

sIr0081:control (lane 2) and Aslr0081 (lane 3). Genomic DNA was digested with
Ava 1 and EcoR 1 and probed using a 580 bp Kpn I/Bsm 1 DNA fragment indicated by
the bold line in (A). (C) Photoautotrophic growth of strains as measured by the optical
density at 730 nm in normal BG-11 (closed symbols) and in phosphate-limiting BG-

11 (open symbols). Wild type (red), sIr0081:control (blue) and Aslr0081 (green).
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3.1.3 Thr-214 mutation involved in the regulation of alkaline phosphatase
activity
Since the histidine kinase from E. coli contains both polar and nonpolar

residues at position 214 such as Ser, Thr, Asn, Ala and Gly. Previously, the

limiting condition. Thegefore,, L4 was fu tated to Ser, Ala, Arg, Gln
and Gly in this study. |

After these s constructed, they were
transformed to the Asll re streaked on the antibiotic
selection plates. The homo g:) j,_.-- __;3: was verified by PCR reaction

using the sl10337 forward and ey !%ii e PCR reaction involved an initial

denaturation at 95°C (O '=”"'=T1—'-‘=—=-=="='-'-?-‘-": sting of 1 min annealing at

62°C, 1 min extension o at 9@. The reaction was ended

) éﬁj@m AT R s
M LANCL T LR G

from Asll(’337 and wild type, respectively. The difference in size of single PCR
product in each lane indicated that the introduced copy of s110337 had fully segregated
sl10337:control strain (Fig. 16). Hence these Thr-214 mutants including the T214N
strain were used for the study of the effect of the specific mutations on alkaline

phosphatase activity under normal and phosphate-limiting conditions.
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(A) (B)
L
0.5 kb
_»
[: <+ 3.6 kb
upstream downstream 3.4 kb
= 22kb

A —

upstream

>

upstream

Figure 16 PCR demonstrating ful] segreoatrgx}‘—qf the introduced sl10337 in the control

-

and Thr mutant stram_sr.;\ (A) Genomic map showxng_thﬁ;qfl9337 region in wild type,
S -

\

A B
Asll0337 and sll033 7-kjlR strains. The sll0337, chlorg:l‘hphenicol and kanamycin-

i

resistance cassette are shgwn by white, gray, and black boxes, respectively. The
sl10337 forward anrdr_ rev;:rSe pri‘;lierg arg showr; by ;arrov’vs. (B) PCR products were
analysed on 0, 8% AALOSE gel glectrophgresis. 1. Kb Rlus DNA matker, (lane 1), wild
type (lane 2) Asll0337 (lane 3), T214S (lane 4), T214A (lane 5), T214R (lane 6),

T214Q (lane 7) and T214G (lane 8).
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When Thr-214 was substituted with Ser, Ala, Gln, Gly and Asn, alkaline
phosphatase activity for all mutants grown for 1 day could be induced in both normal
BG-11 and phosphate-limiting conditions (Fig. 17, lanes 2-6). However, this was not
the case for T214R (Fig. 17, lane 7). The whole-cell spectra of 1 day and 4 days

T214R cells are shown in Fig. 18. The

ab tion maxima at 680 nm and 440 nm, due

to chlorophyll ¢ and the peak at ¢ 0/ Al Comres onding to phycobilins, are
phy \‘\&_ 1%

C—
significantly reduced when™pHosphate was 0@ the growth medium. The

results suggested that undef ph .\\. on, a 4- day stress was more
ress. / "'\

severe than a 1- day ate stress the induction of

alkaline phosphatase was'sti . It can be inferred that all

amino acids tested except thg \’ »- ould be located at position
214.

For the Asn, Ser, Ala, G _ - . 1tion, the resulting mutant exhibited
an unusual and inter ng phenoty -__.#_, ient condition (Fig. 17,

X

lanes 2-6). The repre551 0 as ective as seen in wild type.

Since PhoU may interact vgltk[he Pst system or, PhoR to form the repression complex,

double mutants ﬂr%ﬁm m]ﬂlm ﬁtﬂﬂf;m ilcted combining with
The or.1g1nal ti 1ne ?jtﬁiﬂ%ﬁ sﬁpgﬁof“ hoU gene to

1nvest1gate

3.1.4 The effect of the removal of PhoU from the Thr-214 mutants
The phoU deletion strain had been constructed by Simpson (2003). The phoU

gene was interrupted with chloramphenicol-resistance cassette to determine the

involvement of the PhoU protein in the repression of the pho regulon. The pAphoU
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Figure 17 Measurement of alkaline

s re ol

at Thr-214 in S110337.under phos
,v-'l

Cells were grown in negms

activity in strains carrying mutations
aofphate-limiting conditions.

O
— —
LY

L
f.t’ phosphate-limiting BG-11

(purple bars). The strains gre wild type (1). T214N (2). T214S (3), T214A (4), T214Q

(5), T214G (6) a@‘uﬂg m ﬂammflmi%
RIAINTUNRINYIAY
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0.16 j
0.14 -

0.12

0.1 -

0.08 -/
0.06
0.04
0.02

0.18 g
0.1

Absorbance

0.14 /
0.12

0.1
0.08
0.06 5
0.04 J3
0.02 ——

Figure 18 Whole-cell abso: 214R under phosphate-

sufficient (green) and phowﬁte -limiting co tlons (orange) grown for 1 day (top)

anudays(bonﬂuEJ’WIEM‘iWEJ’Iﬂﬁ
amaﬂnimumwmaﬂ



68

construct obtained from laboratory stocks was checked by restriction enzyme digestion
before transforming into Thr-214 mutants.

The Nco 1 digest yielded fragments of 3.0 kb, 1.6 kb, 1.1 kb and 0.9 kb. The
Not 1 digest resulted in two bands of 3.8 kb and 2.9 kb and Cla I was expected to

linearise the plasmid, resulting in a 6,¢ and (Fig. 19). These restriction digests

comfirmed that the pAPhoU plasmid w:

The pAphoU plasmid was.iras for e-214 mutants. The resulting
mutant strains were streak€d g Anti ,' \ ates and homozygosity of

these strains was verified

PCR reaction involved in followed by 30 cycles

consisting of 1 min anneali _ exte ~\c nat 72°C and 30 s denaturing at

94°C. The reaction was ende ion at 72°C for 5 min.

"

The result from Fig. 20-exhibited il genomic DNA of Thr-214:APhoU

results in a single hg———— while the w :& gave the 1.8 kb band.

gregate@and expressed the 2 kb

chloramphenico]FTsﬁ;Ei ?ﬁeﬂ:ﬁl % i ﬂ )Teff me. The effect of
-214Kj:AP oU, whij

mutation in thesg) strains including was constructed by

v QRGPS DA B o

activity.

Therefore these muta.rm strains had ™ fu

The wild type showed low alkaline phosphatase activity under phosphate-
sufficient condition (Fig. 21, lane 1), the APhoU showed much higher alkaline
phosphatase activity which was similarly induced in both phosphate-sufficient and

phosphate-limiting conditons (Fig. 21, lane 2), suggesting the role of PhoU as a
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A) (B)

AR A
cToo o

O— O\ OO0 e
o

xR A
oo

'« -
digests of the pAPhoU gasfﬁl were analysec : .8°/<>‘{Tjgarose gel electrophoresis.

1 Kb Plus DNA ker (14néxl), uncut ﬁsrﬂid lang ZﬁNco [ digest (lane 3), Not 1
digest (lane 4) a@FMMé\LQ(mEJ i i | EJ ﬂ i

AMIANTUNNIINYAY
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(A) (B)

— kb
0.5 kb

= 12.0

00

- \ 3.9kb

e
o £ 1.8 kb

upstream downstreammss 1.65 & E

upstream

¥ b &
_.-‘! ety .-_.-‘:l‘;}- 4-.
Ao

1'4:( h

Figure 20 PCR demonstrati ﬁﬁlgegregauﬁ.ﬁf the gene encoding the interrupted

—
—

copy of phoU in the histidine lgjgaggmutap@;@) Genomic map showing the phoU
A il _ £)

gene and the presenq'e' OFHic Chilorainplicihicol-icsistaiice ?ssette in the inactivated

gene at Bg/ 11 site. TheéﬁoU gene and chloramphenicol:.iésistance cassette are shown
by white and black boxes, reSpqctivgly. Thetslr0741 forward and reverse primers are
shown by arrows. “(B) PCR" products were " amalysed " on 0.8% agarose gel
electrophoresisy #1) Ky PlusDNAmarker] tane™) ) wild)tgpe Clar) 2), [T214S:APhoU
(lane 3), T214A:APhoU (lane 4), T214R:APhoU (lane 5), T214Q:APhoU (lane 6) and

T214G:APhoU (lane 7).
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negative regulator of alkaline phosphatase. Similar results were obtained in other
APhoU-histidine kinase double mutant strains (Fig. 21, lane 3-6) except for the
T214N:APhoU (Fig. 21, lane 7) and T214R:APhoU (Fig. 21, lane 8) strains which

showed little and no activity, respectively. These results suggested a possible

interaction between Thr-214 and PhoU 'begause if there were no interaction between

" \ i

these proteins, the alkaline p \\_i: activi lawthe double mutant strains should
J

have been similar to that of APhet strain esting 7. the T214R:APhoU abolished

the induction of alkalin ?.// (I

importance of Thr-214"as or fanct

This lent support for the
he whole-cell spectra of
T214R:APhoU cells grown #indé ‘L? niting N ditions for 1 day and 4 days

Hliid
are shown in Fig. 22. Thg' aBSotption i a 80 nm and 440 nm, due to

chlorophyll a and the peak at#620 AT COTTe ing to phycobilins, are significantly
reduced when phosphate was o mit h medium. The results suggested
that under phosphate- ;""t'"“m'_-_-f“""-::‘ ore severe than a 1- day

stress; however, after thBA- day stion of %aline phosphatase was still

EANgNINYNg
e R a4 0)

WHen the SIr0081 amino acid sequences were aligned with PhoB of other

undetectable (datﬁ-not sho
U

cyanobacteria and E. coli, the results indicated that Asp-88 was the site of

phosphorylatidn in Synechocystis sp. PCC 6803. Thus, the Asp-88 was substituted by

Asn.



72

350

250 -

200 -

150 -

100 -

SOS A AN LY

Alkaline phosphatase activity (a.u.)

Figure 21 Measurement of alkal r..'-r

AT T

tivity in strains carrying mutations

at Thr-214 in the absenege @ ficient and phosphate-limiting

conditions. Cells wer 1 \f nd in phosphate-limiting

BG-11 (purple bars). THE strains are wild type (1), APmU (2), T2148:APhoU (3),

T214A:APhoU ﬂmulgzﬁhw E}ﬂzﬁ'%f}ﬂ §14N:APhoU (7) and
e T it Thenay
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Figure 22 Whole-cell rptlon spectrum of wild type and T214R:APhoU under

s A o o o

day (top) and 4 days (bottom). ¢

ﬂﬁﬁﬁﬁﬂimﬂﬁﬂﬂmaﬂ
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After a specific mutagenesis plasmid was constructed, it was transformed to the
Aslr0081 strain. The mutant strain was streaked on antibiotic selection plates. The
homozygosity of this strain was verified by PCR using the slr0081 forward and reverse
primers (Fig. 23). The PCR reaction involved an initial denaturation at 95°C for 4 min

followed by 30 cycles consisting of ling at 59°C, 3 min extension at 72°C

and 30 s denaturing at 94°C. )d with a final extension at 72°C
_d

N A :\}-\&1\. 8 mutant provides a single

band of 4.1 kb while a sia€lefbar :, \ \' b was obtained from the

for 5 min.

It can be seen tha

Aslr0081 stain and wild typg, reSp &/ ’i ,,
40500

product in each lane indicated thatt ;.'..‘?!‘.f ced copy of slr0081 in the control strain,
12

rers
together with the chloramph col-res Eﬁiii ker, had fully segregated in slr0081:

‘u\ difference in size of the PCR

control strain. Therefore the D88 BNtz i It W d for the study of the effect of this

specific mutation on ----------------- hatase activity undc J normal and phosphate-

limiting conditions.

The results, sho g e activity when Asp
was substituted @\ij ﬁﬁ ﬁﬁjﬂ Ef)j«fje- ell spectra following
o QYRR TN TN o o
phosphate-’imltmg condition, the D88N cells were more severely stressed than a 1 day
stress (Fig. 25). However, at even after 4 days under phosphate-limiting conditions the
induction of alkaline phosphatase was still undetectable (data not shown). Overall

these results indicated, therefore, that the aspartic acid at position 88 is the site of

phosphorylation of SIr0081.
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(A) (B)

L
0.5 kb
= 4.1 kb
L
upstream downstream 2.6 kb
1.9 kb
+
upstream
+
upstream
eI b j}f_‘_,ﬁ‘:_.-_
Figure 23 PCR demonstrating full segregation of slr0081 :gontrol. (A) Genomic DNA
" —

map showing the regf(;{_- of the sir0081 gene. The serOSjrhéene is shown by an open
box and the spectinomyt{n-resistance cassette and chlordﬁphenicol-resistance cassette
are shown by gray and black boxes iréspectively’! PCR priniers are shown by arrows.
(B) 1 Kb Plus DNA marker (lane 1),gwild type (lane 2), Aslr00814(lane 3) and D88N

(lane 4)
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Alkaline phesphatase activity (a.u.)

Figure 24 Measurement of alk&iis e ph ase activity in the wild type and

D88N strains under“mo
V.

grown in normal BC

ing nditions. Cells were

fi.! ’ miting BG-11 (purple

bars). The strains are \ 11d type (D), D88N (2). Thé data represent Mean + SD,

> ﬂUEJ’JVIEJVITWEJ’lﬂi
amaﬁnimum'mmaa



77

Absorbance

Figure 25 Whole-cell ab rptlon spectrum of wild type and D88N under phosphate-

sufficient (greenﬂx(ﬂ)ﬂl% fimiting Lo di w mmﬂ for 1 day (top)

and 4 days (bottora!

ﬂmmﬂimum'mmaa
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There is no report about the possible interaction between PhoU and the
response regulator protein. Therefore, the D88N strain lacking PhoU was studied.
Since the selectable marker of the D88N mutant is the chloramphenicol-resistance
cassette, the PhoU interruption with the same antibiotic cartridge plasmid, which was

constructed by Simpsons (2003), cann to construct the D88N:APhoU mutant.

Therefore a PhoU interrupti ent antibiotic-resistance cassette

3.1.6 Constructio

The pGEMT-e d®phoU gene was interrupted

with a kanamycin-resis Bgl 11 site was used for the

insertion of the kanamycin 18 pAphoU2 plasmid was confirmed
by restriction enzyme digestion. T, 7

The Sph 1 _ i:{-.;:... \;;_.;;;;.:;;;.;;:;._:.:'-_.:: 3 1id, resulting in a 6.0 kb

band and the EcoR I/Clﬁ dige s'of 3 0 kb, 1.8 kb and 1.2 kb (Fig.

26). The plasmid obtained genforms to the gpredicted sizes of each restriction digest

sy o MR ANEIDT . o e
"R RAINTU NN INGIAY

Thi$ pAphoU2 plasmid was transformed into the D88N mutant. The
D88N:AphoU mutant strain was streaked on antibiotic selection plates. The

homozygosity of this strain was verified by PCR using the slr0741 forward and reverse

primers.
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(A) (B)

6.0 kb
3.0kb
1.8 kb
1.2 kb

pGEMT-easy/slr07:
6020 bp

Nsi | Nsil

NouNon’/

Bst ZBst ZI

gad - I
A

Figure 26 The pAPhol)2 mutaft prasmid,

wfjn-resistance cassette was

- plasmid at Bgl 1I si #0741 gene and kanamycin-

e

inserted into the pPhe
resistance cassette are showed by black and gray arrows,*€spectively. (B) Restriction

enzyme digestsﬁfuiﬁf’%ﬂ @ﬂ%}wmﬂ sﬁn 0.8% agarose gel

electrophoresis. fiko Plus DNA marlger (lane 1), ugfut plasmid (laﬁ 2), EcoR /Cla 1

szes (0 Pnd Bl N Wk 2 V1 VIE V6V ED
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The PCR reaction involved an initial denaturation at 95°C for 4 min followed
by 30 cycles consisting of 1 min annealing at 62°C, 1 min extension at 72°C and 30 s
denaturing at 94°C. The reaction was ended with a final extension at 72°C for 5 min.

The result from Fig. 27 demonstrated that the genomic DNA of D88N:APhoU

Therefore the mutant strains had-fully segr d expressed the 1.2 kb kanamycin-
resistance cassette in all ing;phosphatase activity was then
investigated in the D sphate-limiting and phosphate-
The wild type sh ‘ alibe “ph shatase activity under phosphate-
owed much higher alkaline
phosphatase activity (Fig. 288 laugi2) D88 howed no activity (Fig. 28, lane
3). This result demonstrates: tha “ PhoU_can only be overcome if
phosphotransfer to P ,_‘.}‘ = Y
- ”ﬁﬁﬂ‘?ﬂﬂ?l?ﬂﬁ“’m‘i

The assayifor alkaline phosphatase in the Matenal and Methods chapter makes
ot A RART HHRA TR crooss
means that the reaction gives color when products are created. The enzyme catalyzes
the hydrolysis of the substrate to release inorganic phosphate and p-nitrophenol (Fig.
29).

The product, p-nitrophenol, is colorless when protonated as shown above, but

becomes yellow in alkaline or basic solutions. Thus, production of the blue color of p-
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(A)

upstream

i P
b #d Rk LRAS
‘downstream ©
L :‘f
Ak ?"A"a.
i e P
J s

Figure 27 PCR demonstrating fuﬁegreg!ﬁiﬁg_ of the phoU gene interrupted with a
== L o

upstream

kanamycin—resistance\;céssette. (A) Genomic DNA ﬁgﬁégiﬁomng the phoU region.

'l"j + gt
The slr0741 and kanamytin-resistance cassette are Showi by white and black boxes,
vy i

respectively. 1 Kb Plus DNAwmarker (lane 1)y wild type (lane 2), D88N: APhoU strain

(lane 3).
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Alkaline phosphatase activity (a.u.)

Pt on il "
Figure 28 Measurement of a r?;é* ok activity in the strain D88N in the

—

absence of PhoU underiphe atesdimiting conditions. Cells

S
were grown in normalHC .'f",‘ imiting BG-11 (purple
¥ l”l

' 2 J.I-I
bars). The strains are wild type (1); APhoU (2) and D88N: APhoU (3).

AUEINYNTNYINT
RINNIUUNIININY
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nitrophenol in alkaline solution is measured by a spectrophotometer. In this study, the
absorbance at 400 nm was used to measure the alkaline phosphatase activity in vivo.
If the absorbance at 400 nm was higher than 1, the sample needed to be diluted until

the absorbance was in the range of 0.2-0.8.

then this sample was#8Ca

spectrum.

From Fig. 31 the mafindum absezptioh@vas, found to be higher than 400 nm.
The results from the measure :_'ﬁ absorption should be more accurate
than at 400 nm. Therefore the g - 18 ¢ aoth was investigated by measuring
the absorbance of the ;"“t‘:_—__m:“ 5 s 10 reading at 405 and 420
m. 7 - i

The results, of the"'nihsurement at 420 nm showed the least change when
compared to the@uﬂq YLH V] j)mxﬂr:d]lﬂ iat the dilution factor

was not asﬁqt ﬁ(}q:ﬂ'?mww Erfv'aﬂlﬂth for alkaline

phosphatas‘ measurements.
In this study, Tris-HCI (pH 8.5) was used in the alkaline phosphatase reaction
mixture. To examine effect of different buffer at the same pH, Tricine-NaOH (pH 8.5)

was used instead of Tris-HCI.
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OD at 400 nm

AT S
Figure 30 Effect of the di a e at 400 nm of the supernatant

4 4
from alkaline phosphatdse AX J

AU INENTNEINS
PRIAATUAMINYAE
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Absorbance

2.5 -

Figure 31 Absorption spec om alkaline phosphatase reaction

mixture. Dilutions of "Sﬂ : ¥ | lack, green and red lines,

AULININTNEINS
PRI TUAMINYAE

respectively.
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Absorbance
N

Figure 32 Dilution effect jon the a sce of the assay from the alkaline
g :F y
phosphatase reaction mixture at ;“E‘* STICE iengths. The absorbance at 400, 405

and 420 nm are shown.#h-¢ircles, squares and tria j~ ively.

Y

L

AULININTNEINS
PRI TUAMINYAE
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The results from Tris-HCI and Tricine-NaOH (pH 8.5) showed the same
pattern but the absorbance from Tricine-NaOH was higher than that seen in Tris-
NaOH (Fig. 33). This suggested that Tris-HCl (pH 8.5) was suitable as a buffer
system for the alkaline phosphatase assay.

Hence, the dilution fold and gngth affected the alkaline phosphatase

assay. Therefore the alkaling of S110337 in the presence and
J i .
absence PhoU were measuréd at 420 nmto e@e results already obtained at
400 nm were reproducib
and 35).
The pattern of d from the measurement at
420 nm was similar to 5). Therefore, the previous

results with the standard devi vere fromthe true effect of the mutation.

3.2 Function of acetyl¥

phosphorylated by acetyl

L

In E. coli, it h bee ]

phosphate. In order to ée rmine if the response regulator proteins can also be

phosphorylated ﬂ uﬂ% n&m j mrﬂ]’]pn‘in absence of S110337,
the acetaﬁ ﬁ;irﬁ gﬁ gfj ﬁ@ﬂﬁ ’Tﬁ‘ﬁﬁ -ﬁ(ﬁa combination

mutant strain of s was based on the assumption that the
accumulated endogenous acetyl phosphate in this mutant may provide the chance for
phosphorylation of SIr0081 by acetyl phosphate. This strain was also compared to the
ASIr2132/AS110337 and  ASII1299/ASIr2132/AS110337 mutants because

phosphotransacetylase is encoded by slr2132 (see section 1.5). Previously, the s//0337
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Absorbance
-

Figure 33 Dilution efféct on th ibsorbance of “Supernatant from alkaline
\7Z Y}
phosphatase reaction i”'h 8 nd wavelength. The absorbance

¥

was measured in Tricine Qp@ symbols) aanT ris (closed symbols) at 400, 405 and

203 shovf B, :aummmmm
A AININURIINIAY
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Alkaline phosphatase activity (a.u.)

e A - & > = .
Figure 34 Measurement of alkaline pha ; $ activity in strains carrying mutations
at Thr-214 in S110337%un¢
“."’.s

Cells were grown in

phe hate-limiting conditions.

OO it it B

i J
(purple bars). The strain$ are wild type (1), T214N (2), T214S (3), T214A (4), T214R

oo AHEANHNTNGINT
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600

500 -

400 -

300 -

200 -

100 -

Alkaline phosphatase activity (a.u.)

Figure 35 Measurement of alkalie :;V: activity in strains carrying mutations

at Thr-214 in the abséfice “undef phos ffigient and phosphate-limiting

\“F = A\
conditions. Cells are ? ﬁ.?: d in phosphate-limiting
U

BG-11 (purple bars). The strains are wild type (1), APhoU (2), T214N:APhoU (3),

T @,ué@m@wﬁm@q(ﬂ e S
TR AN IUNRININY



92

gene had been interrupted with a spectinomycin-resistance cassette. Therefore, the

sl11299 and slr2132 needed to be inactivated with difference antibiotic-resistance

cassettes.

3.2.1 Construction of the sll1299 ruption plasmid

The pUC19 plasmid .gontainit gene was interrupted with a

g —

kanamycin-resistance cassette because this sker was different from that
used in the s110337 mutanie®™A_pAreof the ,“ S N"-‘ ‘two Hpa 1 site was deleted by
insertion of the kana csistance ¢ .' 1 Restrietion enzyme digests were
performed to confirm thé rafipn of t e g plasmid (Fig. 36).

The Cla 1 digest*wasfe decte | tc arise, tk \: asmid, resulting in a 5.2 kb
band and the EcoR UHind 111 figest'¥ieided B 8801 2.6 kb, 1.4 kb, 0.87 kb and

id ebta;
el .

| 2

0.3 kb (Fig. 36). The plasm med to the predicted sizes of each

restriction digest thereby confirming that the pAs// 7299 cghstruct with an interruption

of kanamycin—resistanceﬁss C

22 e UBININTNEN T
AR S A TR

chloramphgnicol-resistance cassette. The position of BstE II site was used for the
insertion of the chloramphenicol-resistance cassette. Restriction enzyme digests were
performed to confirm the configuration of the resulting plasmid (Fig. 37).

The Not 1 digest produced the expected three fragments 3.2 kb, 3.0 kb and 1.3
kb. The Nco I digest yielded a 3.4 kb, 2.3 kb, 0.9 kb and 0.85 kb as expected (Fig. 37).

The plasmid obtained therefore conformed to the expected sizes of each
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(A) (B)

5.2kb
2.6kb

1.4 kb
0.87 kb

HindIII
Sphl

P //

0.3 kb

Hincll
Accl
Sall

Figure 36 The pAsll1299 muta.nt,;ilrxs;md Mkanamycin-resistance cassette was

inserted to the psi/1299 ‘ptasmid.  the st//299 gene ar e kanamycin-resistance
respectivgjy. (B) Restriction enzyme

digests of the Aﬁl ﬁ ﬁnﬁn ﬁ ?ectrophoresm 1 Kb
I

Plus DNA markerj(lane 1), uncut plasmld (lane 2), EcoR I/Hind 111 dlgest (lane 3) and

QR ANNIUNRIINYIAY

cassette are showed by ﬂl_ajack and gray a



94

(A) (B)

PGEM-T sir21
7523 bp

-siIr2132

-,

Figure 37 The pA?f 32

r'fcjxloramphenicol-resistance
o

cassette is inserted to_the ps/r2132"plasmid.” The slr2/32 and chloramphenicol-
resistance cassetterare showed by black and gray,.arrows, respectively. (B) Restriction
enzyme digests ©f the pAs/r2/32 construct were analysed on 0.8% agarose gel
electropheresi€ * 1) Kepl Rlus DNA marker (lane 1), uncut plasmid (lang 2), Not 1 digest

(lane 3) and Nco I (lane 4).
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restriction digest thereby confirming that the pAs/r2132 construct containing an

interruption by a chloramphenicol-resistance cassette in slr2132 had been constructed.

3.2.3 Cross regulation of SIr0081 by acetyl phosphate

37 and ASI11299/AS1r2132/AS110337

The ASI11299/AS10337, ASIr21: Vs

mutants were constructed by t g | d/or pAslr2132 to the AS110337
mutant and wild type strain “of- strains was then verified by
PCR using the s//1299 al \J: s primers. The PCR reaction
to amplify s//1299 involvedd@: \ '~ for 4 min followed by 30
cycles consisting of 1 migfanfie; ‘é' » 3% extension at 72°C and 30 s

denaturing at 94°C. The rea€tion Waé ended with afinal extension at 72°C for 5 min.
The PCR reaction to amplify §/r24324n jolve nitial denaturation at 95°C for 4 min
followed by 30 cycles consistifig of ¥ tin an at 50°C, 4 min extension at 68°C

and 30 s denaturing at 94 ifh/a final extension at 72°C

i J
There wﬂou éﬁewwﬁ?%ﬁqme ASI11299/AS110337

strain (Fig. 38) aﬁ!i ASIr2132/AS110337 strain (Fi 39) respectlvﬂ) The ASI11299/
ASIr21 SQSW;] ﬁg mwj Eudumm glg m .EL' ;AQadElZI 32 primers,

respectlvely (Fig. 40) while the wild type produced 2.0 kb and 2.4 kb PCR products
using sl11299 and slr2132 primers. These PCR products in each lane showed the
difference in size from wild type (Figs. 38-40). Therefore segregation had been
successful. Then the alkaline phosphatase activity was measured and compared to

wild type.
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(A) (B)

boxes, respectively. The

kanamycin-resistance cassi.tte was inserted b&}ween Hpa 1 site. The sl11299 forward

and reverse prm@pu &LQ %w (ﬁ) w:ﬂ ’]lﬂﬁere analysed on 0.8%
agarose gel electrophores1s 1 Kb Plfis DNA marker (lane pe (lane 2) and
AN M UV D
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A) (B)

0.5 kb

upstream

upstream

Figure 39 PCR demonstrating/fufl shtigh of the interrupted slr2132 genes

containing antibiotic-l"ssismf”,_g (A)" Genemic.DNA map showing the
\ sl

slr2132 gene region i wild type and th ' -"*. The chloramphenicol-

resistance cassette was imerted at BstE Il site The sir21 .?mgene and chloramphenicol-

: ¢ o : v :
resistance casseﬁ ﬂmtvmevr?w EJ(CSI ﬁﬁtlvely. The slr2132

forward and rever8é primers are showen by arrows. (B) PCR products were analysed

o R HEAAFE HIRDD Vb B Eorcan

2) and ASlr2132/ASlO337 (lane 3).
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kb

4.6 kb

2.6 kb
2.4 kb
2.0kb

Figure 40 PCR demonstrating_
et e

antibiotic-resistance ¢adséttes. PCR products were ana ¢sed on 0.8% agarose gel

electrophoresis. 1 Kb ﬁ.l DNA ' u'.. using sl11299 primers

(lane 2), ASlllZ99/ASlr21}2/ASlO337 using ﬂy299 primers (lane 3), wild type using

sarsnes Byl L DI WEIAD T 12 e
RIAINTUNRINYIAY
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The result from Fig. 41 shows that the induction of alkaline phosphatase
activity was observed in wild type grown in phosphate-limiting BG-11 (Fig. 41, lane
1) However, there was no induction of alkaline phosphatase of the
ASI11299/AS10337, ASIr2132/AS110337 and ASI11299/ASIr2132/AS110337 mutants

even in phosphate-limiting BG-11(Fi 2-4). The results suggested that the

endogenous acetyl phosphate r0081 in absence of S110337.

3.24 Acetyl phu/

PCC 6803

of the Synechocystis sp.

From a previo lition of osphate restores endogenous
levels of ATP in the Synéch e- miting BG-11 (Hirani et al.,
2001). The ASI11299/ASlIr ,,;._':.. ;: in was also used to investigate the
involvement of acetate kinase ai ," OsH ;-E e tylase in supplying the energy for
the cells by providing: "! -..:——:——,--.—.-:~7::-7:~ S cetyl phosphate.

The ASlll299/@lr2 AS ] ; as@rown photoautotrophically

under normal and phos a&llmmﬁ BG-1V for 7 days. The mutant cells were

DETANETL A, corma, prospe
“"““"gW TP IOESI TIE T e

another 7 d ays.

collected and g

The first 7 days growth of wild type and the AS111299/AS1r2132/AS110337
mutant was retarded in phosphate-limiting BG-11 (Fig. 42A). Cells at day 7 were
collected and used to start a new photoautotrophic growth curve for another 7 days.

The wild type and the AS111299/ASIr2132/AS110337 strain could not grow under
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160

Alkaline phosphatase activity (a.u.)

Figure 41 Measurement of alka *-‘ activity in AS111299/AS110337 under
phosphate-sufficient ang (Qells were grown in normal
BG- ll(bluebars)an 1‘ ). The strains are wild

type (1), ASI11299/ASI 337 (2) ASlr2132/ASllO337 (37 and ASII1299/ASIr2132/ A

SH0337 (4. “ﬁ%ﬁf}ﬁ%ﬁm"m BIN3
A AINIUURIINIAY
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phosphate-limiting BG-11 (Fig. 42B) presumably because cells had depleted all lacked
phosphate reserves. However, these strains, under the phosphate-limiting BG-11
containing 20 uM acetyl phosphate, showed similar growth to that under normal

BG-11 (Fig. 42B). This result suggested that exogenous acetyl phosphate can provide

phosphate stress
The acetate ki sphotrans \ - nechocystis sp. PCC 6803

are encoded by s//1299 (ac ; 4 \\ 1vely To identify the mRNA
expression of acetate kinase Zhosph _' e, RT-PCR was performed. The
total RNA was extracted from wildA S oCystis sp. PCC 6803 grown under
normal BG-11 and phosphate=limiting BG-11 conditions.“#Fhe RT-PCR was done by

\Z J
using a specific pnmerﬁlll ) ) to @)duce cDNA of the sl11299

and slr2132 genes. The cDNA of psbB wastalso produced using pshB primers to use

s £y L TRELTLDINELELD) v i
g U B E i 145 70 o ] 5

min followed by 30 cycles consisting of 1 min annealing at 59°C, 1 min extension at
72°C and 30 s denaturing at 94°C. The reaction was ended with a final extension at
72°C for 5 min.

From Fig. 43 the PCR product of the 0.52 kb band of psbB under normal and

phosphate-limiting conditions are at the same level (Fig. 43A and B, lane 1 and
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(A)

10

OD at 730 nm

Figure 42 Photoautoti S mc growth of wild type and ASI111299/AS1r2132/AS110337

. 0 IR oot i

measured by the optlcal density at 730 nm in 1 BG-11 (@sed symbols), in

phosphaahﬂ f] a&ﬂ mwﬂ)m m E.Iﬂﬁ &,lmtmg BG-11

contalnmg 20 pM acetyl phosphate(cross symbols). Wild type (red), ASI11299/A

S1r2132/AS110337 strain (blue).
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lane 3). These bands were used for the internal control to ascertain that the difference
in levels of the PCR product corresponding to acetate kinase and
phosphotransacetylase was due to the difference in mRNA expression. The expected
sizes of the acetate kinase gene, 0.48 kb (Fig. 43A, lane 1 and 3) and of the

phosphotransacetylase gene, 0.63 kb ( , lane 1 and lane 3) were obtained. The

results of the negative control experi :;‘-i ﬁ&/ﬂd B, lane 2 and lane 4) showed

r \'\i

ample iQR reaction. The levels of the

ade: .\\1. iate-limiting BG-11 than under
hat -p\ ‘ hosphotransacetylase and

acetate kinase synthesi g \ “ el mediated by phosphate

that there was no DNA in i
PCR products of both

normal BG-11. The

The crude acetate

okystis sp. PCC 6803 was
partially purified by 30% ¢ :‘T and then the supernatant
containing 30% ammomup sulfate was loaded onto a phenyl sepharose column. The

_—— ﬁmm NLYRFT WY ARG cnmonion st

concentrations between 0.2-0 M F1 44). These fractions were ﬁoled and analyzed
by 505 PN HRLSA Ao KMMM’J N2

sp. PCC 6803 was found to be 48 kDa (Fig. 45). The acetate kinase activity stain was

Synechocystis

also done to follow the acetate kinase activity in each purification step (Fig. 46).
The partially purified acetate kinase was studied for its properties. Figure 47

shows that the optimum temperature for acetate kinase activity occurred at 40°C. At
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the higher and lower temperature, the enzyme showed a decrease in activity. The
acetate kinase can catalyse the reaction across the range pH of 6.5-8.5 (Fig. 48). The
effect of the Mg®" concentration on the acetate kinase activity was also performed.
The results indicate that the optimum Mg”*/ATP ratio is 1.0 (Fig. 49). Apparent Ky,

values as determined by Lineweaver- nlot for the substrates acetate and ATP

were found to be 20 mM a ly (Fig. 50 and 51). The substrate

specificity of acetate kina teskinase preferred ATP and acetate

as the substrate (Table 7)

AULINENINYINS
ARIANTAUNNIING 1A Y
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1 2 3 #.95

O O ODOO O M= r=bin
W A uoNvoNnNYNOo O

<
(8]

Figure 43 RT-PCR an

sp. PCC 6803. (A) Trafiscuptsfo ack urﬁer normal and phosphate-limiting BG-11.

PCR products were analysedfo 2% agarése gel electrophoresis. 1 Kb Plus DNA
" i "-J‘.-l‘ "l
marker (lane 1), transcript‘of dck 3}}‘@ psb& genes under normal BG-11 (lane 2),

=2y
negative control in which no reversﬁimxscr@se was added to the RNA sample under

z"'

J"I"'i | —

normal BG-11 (lane 3’)p transcrlpt of ack and psbB genqé under phosphate-limiting

BG-11 (lane 4) and né"géﬁve control in which no reverse @#scriptase was added to the
RNA sample under phggphate-limiting conditions (lanéJS). (B) Transcripts of pta
under normal aWd phosphate-limiting! BG-11. TPCR pradticts Wwere analysed on 2%
agarose gel electrophoresis. 1 Kb Rlus DNA masker (lane 1), tmanscript of pra and
psbB geneés under Mormal BG219 iflafie’ 2),! negafive control! it "which no reverse
transcriptase was added to the RNA sample under normal BG-11 (lane 3), transcript of
pta and psbB genes under phosphate-limiting BG-11 (lane 4) and negative control in
which no reverse transcriptase was added to the RNA sample under phosphate-

limiting conditions (lane 5)
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< 48kDa

Figure 45 Acetate kinase 6§ g was analyzed by SDS-

PAGE. Low moleculaf. @ enzyme (lane 2), 30%

ammonium sulfate pre pltatlon (lane 3) and pool fractions from phenyl-sepharose

e ﬂ‘lJEJ’JVIEWI'SWEJ"Iﬂ'ﬁ
ammnimumwmaﬂ
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ctate kinase

F s -ﬂ-/' s
TR

Figure 46 Acetate - : me /lane 1), 30% ammonium

sulfate precipitation ( ane 2
1
[

AUEINYNINING
ARIANTAUNNIING A Y

.l pharose (lane 3).



w
|

N
h

[ ]
I

(o
n
1

)
1

S
n

Enzyme activity
(umol/min/mg protein)

(]
L

55

Figure 47 Effect of empérature on acetate k 4
y: |"' d

AU INENTNEINS
PRIAATUAMINYAE

110



2.8 7

[ ]
I
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Acetate kinase was determined at
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Enzyme activity
(wmol/min/mg protein)
[y

Figure 49 Effect of _ " concentration on A i acetate kinase.
7 X J
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1/vV (llpmol.min'l.mg protein'l)

01

Figure 50 Double rec .W__._,..__.._.____,._.__ . pu ified acetate kinase as a
V: |~' d
function of the concentra i on €
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1/V (I/umol.min".mg protien'l)

Figure 51 Double re¢eiprocal plot of activity of purified acetate kinase as a
\ v: , |~' d
function of the concentra ; i
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Table 8 Substrate specificity of the ace

Substrate

Acetate

Propionate
Butyrate
ATP
LETR
CIP

GTP

TP

 kinase

115

Activity (%)

100

16

4

100

18

18

34

43
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