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ABSTRACT

Four cyanobacterial strains including Cyanosarcina sp. SK40, Leptolyngbya
sp. KC45, Phormidium sp. PD40-1 and Scytonema sp. TP40 were selected and
investigated for the phycobiliprotein (PBPs) content and the thermostable antioxidant
activity of their cell-free extracts. The highest content of phycobiliprotein was found in
Leptolyngbya sp. KC45 and the main PBPs was phycoerythrin (PE). Among the PBPs
in four thermotolerant cyanobacteria, the PE from Leptolyngbya sp. KC45 exhibited
the highest thermal stability as 80% of the original level remained after being heated to
60°C for 30 min. Antioxidant activities determined by 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) and reducing power assay was also found in the highest value in cell
free extract of Leptolyngbya sp. KC45.

Phycoerythrin was purified from the Leptolyngbya sp. KC45 with the purity
index of 17.388 measured at A565/A280. SDS-PAGE analysis revealed that the
purified PE consisted of the a- and B-subunit with the molecular mass of 18 and 21
kDa, respectively. The native protein was concluded to be hexamer with a molecular

mass of approximately 235 kDa based on the results from SDS-PAGE and gel
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filtration, respectively. N-terminal amino acid sequences shared the highest percent of
identities with Fremyella diplosiphon Fd33 (100% for a- and 90% for B-subunit).
Phycoerythrin and its DPPH scavenging activity remained at approximately 80% of
the original level after being heated at 60°C for 30 min.

Phycoerythrin encoding genes were sequenced and found that the B-subunit
gene consisting of 555 nucleotides (nt) coding for 184 amino acids, while the o-
subunit gene consisting of 495 nt coding for 164 amino acids. The deduced proteins
showed high homology with PE from F. diplosiphon Fd33 (95% identity for a- and
96% for B-subunit). cpeB (PE B-subunit gene) and cpeA (PE a-subunit gene) of
Leptolyngbya sp. KC45 were successfully cloned and expressed in E. coli BL21
(DE3). The recombinant protein of both a- and B-subunit was found as an inclusion
body. Reduction of expression level by decreasing of IPTG concentration and
expression temperature could not improve the water solubility of recombinant protein.
The insoluble portion was tried to refold and renature by On column chromatography
and the purified soluble recombinant proteins were assembled with bilin, unfortunately
the precipitation of protein was observed after bilin addition. The cpeB and cpeA
genes were co-expressed with a vector containing bilin synthesis gene, pKT278. Both
recombinant proteins from the two vectors were successfully co-expressed. Apo-
protein was detected in an inclusion body and exhibited the binding affinity toward
bilin, however, the color and fluorescence properties of PE were not able to be

observed.



vii

A

d' a a d an =} A A Y A
POLIDIINUTUNHUD le‘lIﬂ‘iJﬁI‘iJiﬁumﬂ%ﬁﬁlﬂu!mﬂmiﬂﬂuﬂ’JHJ‘ifJL!‘V]LLEJﬂmﬂ

Y 4
imdounazgnidiuoyyadase
YA
e WBFLINT YA

Syan Isnmaasauumng (naluTagyinin)

d‘ = a a d
ﬂﬂ!%ﬂiiuﬂ15“ﬂﬂiﬂ‘ﬂ1]‘n€ﬂuwuﬁ

a s (=R [

0. AT V1AV IGU‘L!\‘]U‘“H 21158NUTnIMan
2 A A I (= 1

IA.AT. YIA WINITNAA 219158NYT N5
o s (= ]

f. A7, AYTUT 21U 219158NUT N5
a = an S (= 1

TR WUNT AaQTNINTY 219150NYSNHI5 W

U |
UNANED

4
msanyfsna i lada TsAunezgnidmeyyadasznuioulu laer Tunuaiise

4 ﬁmﬁuﬁ' 1dun Cyanosarcina sp. SK40, Leptolyngbya sp. KC45, Phormidium sp. PD40-1 LIag

=

1 I = A A aa
Seytonema sp. TPA0 WU Leptolyngbya sp. KC45 tiulasen TunuaiSeniidsua v Inda-

=

Ts@uaanaa nazsiaved 1 Iata ldsaunnudiuunae 1 Iad5551 msany1lSeuiey

£ q

Y
anunufouvedliindalsdunnlso Tunuaiisens 4 ameiugnudliindssiunn

Leptolyngbya sp. KC45 innunugungiigeiige lasdinunasiiuasiniagainain 80%

]
% ' =

I = a o
watiuh 60°C 1luar 30 Wil MinmsAnIgnEAILeYYadaszvesasanan lyen Tu-

g

A A 1 o I o Jas ay a ~ A o
HUANLTINUIN Leptolyngbya sp. KC45 mmgﬂuﬁmwugmtmﬁmuaugaaﬁizqmqﬂmmﬂ

#1833 DPPH tiay reducing power assay

4
(3 1

111033531910 Leprolyngbya sp. KC45 gni1dusgnt Taslidadiuninisganau

HErd A565/A280 11U 1738 Wan13AI1eia1e SDS-PAGE Wy 1W1ad555u01n

Leptolyngbya sp. KC45 1/sznouaiaTisAuuuna 21 uay 18 kDa HaznamIinsIey 1ag gel



viii
filtration 1195101 TsAudInaT Inseaauunnruledes Feauvuialszuias 235 kDa
a do o a 1 = 9 2R o aa A
MINATZAIdUVeINTAezl Iudiuilats N wunianuadieaaanylnIndsssuain laen
TuLUANSY Fremyella diplosiphon Fd33 (100% identity §1%51 o-subunit 1Az 90% V04 P-
4 4
subunit) HaM3ANEIMINUguUNYLgIue I IndissuUTgninazgnidweyyadasznun
[ = aa A . 9. = a A v o 1A
Fananae W 1n93554 1lag DPPH scavenging activity 94 80% V89UT a3 NAUNAILNN 60°C
I ~
Wual 30 uIn
o ¥ Aa g a Aa 1 .
mMivaauiang 1o Inaves 1 1ad3s5udu wuaduves B-subunit Usenoudae
a s 2 @ [~ a { .
555 170810 Ind Fanoasrialaily 184 nsaeziilu TuvaizNouve9 a-subunit U5znoude
a ¢ & o I a o w a Aa a {
495 1108 leInd Fanoaswalalu 164 niaeziilu d1dunsaoziluved M Indss5un
peasnd ladnumilounugunnion)Seuiiouny 1 1n8555u0n F. diplosiphon Fd33
(95% identity VDY o-subunit LAE 96% VDI P-subunit) BU cpeB AT cpeA §n IAAULAY
. 1 < 2 a o 2 . =
uaaseenlu £ coli BL21 (DE3) 0814 15nnusnonduuuin 115A1 ved o-subunit W3e B-
subunit HaAI09N 113UV inclusion body NITAATTAVMIHAAIBNVBITU TAINITAAAIIY
Wuduues IPTG nagguugidmsumsuansoon luawsoudilyinisine inclusion body
=S a 4 = 9 = d' ] oy o ] 3 o 9y %
yosanonduuunlUsau’la Tusdun liazarethignibunriuduasumsildaatsduaz
v A k) 1 a ) =1 Aa =
Ta3eaTnseai191v Tagmaiia On column chromatography tazii1 1Usauusgniuilsznou
Y o Aaa [l <3 1T A =3 [ a Aaa
Wrfunay o1 lsimunuIRamIanaznouee IUsAuMeraInMIaNLaL
= 1 [ [ e’d'dcs o [
OU cpeB 1DE cpeA N TAAUUAZUTAIDDNITINAUAVIANDTNTIUFIHT VNS
I Jan = a o = 09)1 4 1 [
FuAs12HUaYN (pKT278) Wu213AoNTuUUy 1U5AUINTN 2 NAMBTa150LaAI8DNI INAY

18 nazez Tu/TilsAunuansvonlugil inclusion body Sensnaasnnuaimisalumssuiudan

9 1 <3 [} Aa A A 4
Vlﬂ ’E]EJNlliﬂ@nllVlllﬁﬁﬂiﬂﬂﬁ’JﬁJW‘UﬂTi!,ﬂﬂﬁllﬁ$ﬂ?ﬁliﬂﬂl!ﬁﬂ?\l@ﬂﬂlﬁﬁl“ﬁﬂ@l



