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Abstract: Thermophilic cyanobacteria, as primary producers in extreme high-temperature
ecosystems, has evolved unique adaptive mechanisms under high-temperature (>45 °C) and
mineral-enriched extreme conditions in hot springs. For carbon assimilation, their dependence
on ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) and its carboxysome microcellular
compartment overcomes the inhibition of the enzyme activity at high temperatures by enhancing
substrate affinity and CO:2 concentration efficiency. At the level of energy metabolism, the
thermally stabilized photosystem II (PSII) complex and the electron transport chain are
reconstructed to maintain the synergy between light and dark reactions at high temperatures. In
terms of stability regulation, metabolic homeostasis is achieved through dynamic glycogen
storage, antioxidant defense, and molecular chaperone networks. Systematic analysis of the
carbon metabolism-environmental adaptation coupling mechanisms, carboxysome structural
dynamics, and PSII thermal protection mechanisms of thermophilic cyanobacteria will facilitate
synthetic biology-driven engineering of thermophilic carbon-fixing chassis cells (e.g.,
heterologous expression of thermophilic Rubisco or design of thermostable electron transport
chains), thereby expanding the direct bioconversion of high-temperature industrial waste gas
and the biotreatment of heat-containing wastewater and promoting the innovation of micro
biotechnology for extreme environments in pursuit of carbon neutrality.

Keywords: extreme ecosystem of hot spring; thermophilic cyanobacteria; carbon concentrating
mechanism; carbon fixation potential; carbon neutrality

TERRRUBE RSB T R B, STRRERYY 40% LA ERRIgLE ™ B

T, WA R KA CO W B O ARG
HERZLBUE, B TkFa ik, KRS CO,p
£ 2 M 280 pmol/mol PR T2 415 pmol/mol,
FEATRELE 21 22K M 600 pmol/mol™ ., FEI
BT, MumREEHEEY, JoH I g I A T
VR e 0 [ 78 106 A IR A AR, B
fise H FTBIE 5 18 8 A= P 9 R P
WL PR e, R ER R R AL
W2z —  FERERIRE A A A S b R A

I AR A1 B R RETE 47-90 °CHY foy I IR 5% Hh 1
“Se-Fhepeo R R Rz e PR E
Wil 2 48 . e AUk Mk 45 B (COs-concentrating
mechanism, CCM)FIEEHTEAAKR R , S EATHERE
PR SRR A R G R AR DL,

AL, WEHGEBA T A s R AR e s . RAR
ORELYEEY R, FANEAESRERE
TR AR U781 S st e 1) A BRACIE ARRAE AN
PRI X A o R 1 v A PR, TR A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEEE S5 | vEINIE AN 1 [ B AL S N ¥

figp A I [ B ATL -5 0 JR IO PR T 0 B T

WE PR AN R O A B R A L BRI R 45
L ACsdt B D PR P AL 5 O IR FE B, SR,
AT RN T 2 AR LT S U B
B E 2 ROBE W= AN T B G, Rok
R A LR AR AR T B
Zr BB, U N TR 2R 4 1 RE R e A3k
AR, MBI AL B A R g R AR AE A o B AL
e et . BB A MR, 8 P AN R
o JE B HHY £ s P53 7 G W A 48 705 8 3 ol 1
I A AL B R b R A= i e A A U SR A
LR, W HZ W, 1E4 F IS B A KA
FEVLHEIA, L BRACRIT = TR %R, IR
T vt A P (L 15 T A BB DR ) R
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PEERRAHETE R 5B 72 PSHESOUMK S ATP JE L, PSIfi 577" 4z NADPH S R/R SR8 ) .
Figure 1 Comparative analysis of inorganic carbon uptake mechanisms and carboxysomal structural
variations in thermophilic cyanobacteria across distinct hot spring ecosystemsP!. CO, and HCO;™ are
transported across the membrane by diffusion or specific proteins (BCT1, Sbt, BicA, NDH-I3, NDH-14); The
carboxysome of thermophilic cyanobacteria consists of proteins such as chitin, CemS, CecmK, etc.; Carbonic
anhydrase participates in the intracellular conversion between CO; and HCO3™ and significantly increases the
intracellular concentration of CO,, which provides sufficient raw materials for the Calvin-Benson cycle; In
PSII dominates the photolysis of water and ATP formation, PSI is responsible for the production of NADPH
to provide power for the Calvin-Benson cycle.
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FEFF 2 320 nmol/(L-s)°", g B G s A2 8 1
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Figure 2 Thermophilic cyanobacterial photosynthetic carbon assimilation pathways and regulatory
mechanisms!®#!. PSI and PSII are uniformly distributed on the membrane, with only localized differences in
concentration. PSII preferentially captures high-energy 450 nm blue light (core absorption peak at 700 nm)
and dominates water photolysis and ATP synthesis; PSI primarily utilizes red light (core absorption peak at
680 nm) to generate NADPH; Photosystem state conversion and the CEF pathway synergistically regulate
energy flow distribution; Ascorbate peroxidase (APX) and superoxide dismutase (SOD) synergistically resist
oxidative stress; Plastid quinone oxidoreductase (PTOX) optimizes protection of the photosystem; The red
triangle indicates that this pathway is enhanced compared to mesophilic cyanobacteria.
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