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Thermophilic Cyanobacteria PKUAC-ES542 Phycocyanin Heat Resistance
and Effects of Different Light Conditions on Its Accumulation
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Abstract This paper studied the heat resistance of phycocyanin and the accumulation of phycocyanin under
different light conditions in thermophilic cyanobacteria. With 30°C, 40°C, 50°C, 60°C, 65°C, 70°C, 80°C, 90°C as
the experimental group, 25°C and 4°C as the control group, the placement time was set to 5 hours and 14 days.
Alignments of both chain a and £ were conducted to figure out the heat resistant mechanism. PKUAC-SCTES542
was cultured under different photoperiods and different combinations of light sources, and its growth and
phycocyanin content were studied to explore the light conditions which were suitable for phycocyanin production.
Shaking incubators with narrow band light at following wavelengths: white (400-800 nm), red (654 nm), green
(511 nm), and blue (454 nm), photoperiods of 8L/16D, 12L/12D, and 16L/8D, were tested. Dry weight and content
of extracted phycocyanin were measured. PKUAC-SCTES542 phycocyanin kept stable at 65°C environments, and
still maintained 60% activity after being placed at 60°C for 14 days. Under the conditions of red light and
photoperiod of 8L/16D, the yield of phycocyanin was the highest; while the productivity of phycocyanin was the
highest when red light and photoperiod of 16L/8D were set. In result, PKUAC-SCTES42 showed great heat
resistance ability in this research. With light screening done, the phycocyanin yield increased by nearly 100
mg/gDCW.
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Table 1

I AG (55°C)/ -1 -1l
S 1A . . .
BN Tsow (J-mol ) AH/(kJ-mol™")  AS/(kJ-mol K"
E542-PC  66.92  3.297 79.658 0.226
SP-PC 51.12  -1.073 118.930 0.366
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Table 2 Summary of phycocyanin production of E542
under different light conditions

sl opmmap) ORI REEGE
(mg'L™") (mg-gDCW ™) BYLLBI/%
8/16 72435 108+15 14.9
Fk 12/12 895+22 109+8 12.1
16/8 99534 11619 11.6
"""""" 816 97443 175425 17.9%
b 12/12 1168+66 168+9 143
16/8 1432+78" 189+17" 13.1
"""""" 816 Sle8l  sss 12
ot 12/12 400439 42412 10.5
16/8 328+52 34+14 10.3
"""""" 816 40325 42e5 104
ot 12/12 306+45 28+3 9.15
16/8 241453" 245" 9.95

P : K JH Duncan’s mulitiple range test 5 %43 #7; * R p<
0.05, ** 375 p<0.01 (n=3).

VT, ARESE i T A0t X) ES42 i A KA b ny e ok
fEHT

S o1l N O % A C 7/ i e 3 | B g
AR R A B RE AR A B I R AR . X6 be 6 S
¥ el nl s, 6 E Ik 8L/16D I, %GR I A W R
TH SO0 R 40%, W& RSO R PG
[ R, 26T B3 & A 7 LI IR T o, 2 (E
3.7%. [RIFEBYAE B A 53 PIASE R, H 22
FEEL 2 L 8L/16D S5 F K. W AW, gt
XS E542 1 A= A W S i 4 4, ) O i AR
H R R A AR KB 5200

WOGEE IR T B542 iAWy T S A e EAE
ML g0 2 A 25 5 3, WG L 2 AE D' A 10
A 16L/8D WIS 3J 1 A= Wy ik de /s, 29 R 2006 ] —
JE ISR (e KA Y 16.7%; He e 5 2 1 72 AU
i 24 mg/gDCW, 2R 21 5% [F] — 6 Ji # s 56 46 1)
12.5%. ULAh, WEGSCR s s B B
BIFEAR FART 10%, KW G 6 E542 A4 K [H]
B, 2 e s R P R R A

ST RGBT A6 T el s L T, 40
A TFTHREMERERA S ERA, FDLRZ, %
HERFE R B EBRAL. 5B Synechococcus elon-
gatus PCC7942 Fl Synechocystis sp. PCC6803 AHBI12",
E542 FE R A Jf A LA BELL AR AR DG S BE 1R,
P BB IE B (CCA) Y o 206550 41 rh (Y g 44
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WA P ES42 WOk R AT RE SR B SR S g v R
(21 56662 nm) AL AT DL S R e, 38 ] DLg
SR R WO, PR A RCR, el A R
S BB G e T AR S SR O A T
PSILfE I AL, JeiVEFHRCRIEARP T, (§15 ES42
AW REAIR, R B A T . R I AR A
MEBEEARAEI EEENT AR,
R 8L/16D 457 T B ik A 1 0 o b T Al R
AEFI . SRR R AR, B R LA 2 Y
JERERR 2, MM BOEE B AT S %, H55 6
FANGE I, (A3 A R AN R R

3 Wik E R

ARSCX ES42-PCAEAN RN BE . AN [ il B i) R
) PR M S s M R M EA TN A, Rl 5 SP-PC
i AR R AT X HE S G . 3 A el AR R AR A,
LR ES42-PC R B 44F, Bl F45e. 1)
E542-PC 7£ 65°C iU & 5 /it )R, “R&5MEaE, 1)
PREFIAR PR, BUE R R IE K % 14 K5, E542-PC
I REAE 60°C £51F T AR HF 60% ke e M, 5 /NiHieg
BT, HARWEREZ T SP-PC. 2) 56
Fb, £056(662 nm)*f E542 A= K Filks ik 8 (AR 2477
FEAEEVEFH, SRR 8L/16D i s ik 2 11 A i 2,
AR BT R 240 TR 1 B B 1 AT R THIT 100 mg.

Zi L rik, ES42-PC . H AT 3 0 B i i R
P A S PERE R AP, WE AR 21 B ES42 2 Aok i
AR FH I 3 s 2 1 8 — R B W gt
G o RS, AUEF XGRS UEA T I B RS 1Y, IR
T 2 NARAIE TR A, B AT LA 3 TR
AR AL, #— LR Em TS

S % 3k

[1] Mclnerney M J, Bryant M P, Pfennig N. Anaerobic
bacterium that degrades fatty-acids in syntrophic
association with methanogens. Archives of Micro-
biology, 1979, 122(2): 129-135

[2] MacColl R. Allophycocyanin and energy transfer.
Biochimica et Biophysica Acta-Bioenergetics, 2004,
1657(2/3): 73-81

[3] Adir N, Dines M, Klartag M, et al. Assembly and
disassembly of phycobilisomes // Complex Intracellular
Structures in Prokaryotes. Berlin, 2006: 47-77

[4] Romay C, Armesto J, Remirez D, et al. Antioxidant



A mERRGE A PKUAC-E542 3 A & 11T B4k DL AN ) Ol B 2% 10 0 JH 25 42 5 i F

i

®

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

and anti-inflammatory properties of C-phycocyanin
from blue-green algae. Inflammation Research, 1998,
47(1): 36-41

Wi, M &, BRE, . EUEN (Spirulina platen-
sis) LW AL B TR S 0 B R LA BRAE T BT
AR (11 SR RE 2 5 22 1), 2015, 36(3): 202-207
Zhang L X, Cai C E, Guo T T, et al. Anti-cancer
effects of polysaccharide and phycocyanin from
porphyra yezoensis. Journal of Marine Science and
Technology-Taiwan, 2011, 19(4): 377-382

PRerfe, o R, FhER, 4. B Fou ok B
e il THHE S p 2 e B o R E L. P E A RHE
2%, 2004, 7(8): 527-530

Ravi M, Tentu S, Baskar G. et al. Molecular me-
chanism of anti-cancer activity of phycocyanin in
triple-negative breast cancer cells. BMC Cancer,
2015, 15(1): 768-781

Martelli G, Folli C, Visai L, et al. Thermal stability
improvement of blue colorant C-phycocyanin from
Spirulina platensis for food industry applications.
Process Biochemistry, 2014, 49(1): 154-159

Tandeau de Marsac N. Phycobilisomes and comple-
mentary chromatic adaptation in cyanobacteria. Bul-
letin de L’Institut Pasteur, 1983, 81(3): 201-254
Khajepour F, Hosseini SA, Nasrabadi RG, et al. Effect
of light intensity and photoperiod on growth and
biochemical composition of a local isolate of Nostoc
calcicola. Applied Biochemistry and Biotechnology,
2015, 176(8): 2279-2289

Tang J, Jiang D, Luo Y F, et al. Potential new genera
of cyanobacterial strains isolated from thermal sp-
rings of western Sichuan, China. Algal Research-
Biomass Biofuels and Bioproducts, 2018, 31: 14-20
Stanier R Y, Kunisawa R, Mandel M, et al. Purifi-
cation and properties of unicellular blue-green algae
(order Chroococcales). Bacteriological Reviews, 1971,
35(2): 171-205

Bennett A, Bogorad L. Complementary chromatic
adaptation in a filamentous blue-green alga. Journal
of Cell Biology, 1973, 58(2): 419-435

LeuJ Y, L Lin T H, Selvamani M J P, et al. Charac-
terization of a novel thermophilic cyanobacterial
strain from Taian hot springs in Taiwan for high CO,
mitigation and C-phycocyanin extraction. Process Bio-
chemistry, 2013, 48(1): 41-48

Pittera J, Partensky F, Six C. Adaptive thermostability

of light-harvesting complexes in marine picocyano-

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

bacterial. The ISME Journal, 2017, 11(1): 112-124
Rahman D, Sarian F, Van Wijk A, et al. Thermostable
phycocyanin from the red microalga Cyanidioschyzon
merolae, a new natural blue food colorant. Journal of
Applied Phycology, 2017, 29(3): 1233-1239

Braga A R C, Figueira F d S, Silveira J T d, et al.
Improvement of thermal stability of C-phycocyanin
by nanofiber and preservative agents. Journal of Food
Processing and Preservation, 2016, 40(6): 1264-1269
Patel A, Pawar R, Mishra S, et al. Kinetic studies on
thermal denaturation of C-phycocyanin. Indian Jour-
nal of Biochemistry and Biophysics, 2004, 41(5):
254-257

Christophe S, Jean-Claude T, Laurence G, et al.
Diversity and evolution of phycobilisomes in marine
Synechococcus spp.: a comparative genomics study.
Genome Biology, 2007, 8(12): R259

Glazer A N, Bryant D A. Allophycocyanin B (Amax
671, 618 nm): a new cyanobacterial phycobiliprotein.
Archives of Microbiology, 1975, 104(1): 15-22
Lemasson C, Tandeaud N, Cohenbaz G. Role of allo-
phycocyanin as a light-harvesting pigment in cyano-
bacteria. Proceedings of the National Academy of
Sciences of the United States of America, 1973, 70
(11): 3130-3133

Luimstra V M, Schuurmans J M, Verschoor A M, et
al. Blue light reduces photosynthetic efficiency of
cyanobacteria through an imbalance between photo-
systems I and II. Photosynthesis Research, 2018, 138
(2): 177-189

Kirilovsky D. Modulating energy arriving at photo-
chemical reaction centers: orange carotenoid protein-
related photoprotection and state transitions. Photo-
synthesis Research, 2015, 126(1): 3-17

Murakami A, Kim S J, Fujita Y. Changes in photo-
system stoichiometry in response to environmental
conditions for cell growth observed with the cyano-
phyte Synechocystis PCC 6714. Plant and Cell Phy-
siology, 1997, 38(4): 392-397

Myers J, Graham J R, Wang R T. Spontaneous
pigment mutants of anacystis-nidulans selected by
growth under far-red light. Archives of Microbiology,
1980, 124(2/3): 143-148

Solhaug K A, Xie L, Gauslaa Y. Unequal allocation of
excitation energy between photosystem II and I re-
duces cyanolichen photosynthesis in blue light. Plant
and Cell Physiology, 2014, 55(8): 1404-1414

535



