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Table 1. Oligonucleotide sequences used in this study

Primers Primer sequences (5'—3') Restriction site
spkCUP-F1 GTAAAACGACGGCCAGTGCCAAGCTTTCCCTTTCTCTGCCATGGTG Hind I11
spkCUP-R1 GTTCTTTCCGCCTCAGAGCAATGCCCTATGCTCCTA

spkC-F2 TGCTCTGAGGCGGAAAGAAC

spkC-R2 ATCCTCAGAAGAACTCGTCA

spkCDN-F3 TGACGAGTTCTTCTGAGGATTTATACTAAGAATAGA

spkCDN-R3 ACAGCTATGACCATGATTACGAATTCACCTGGTTTAAACCTTTTTTC EcoR |
spkC-F1 ATGGTTACCCCACTCAAACT

spkC-R1 CTAATTTTGCTCGGGGTC

spkC-kan-F1 ATCCCAAAACATTTTTTGCAACT

spkC-kan-R1 TTGCCTCCTTTGTGACCACC

0599-R1 ATCCCAAAACATTTTTTGCAACT

0599-F1 TTGCCTCCTTTGTGACCACC

) )7 % ] spkCUP-F1/spkCUP-R1 . spkC-FDN3/
spkCDN-R3 5| )73 5§ $4 5L 4], 7531 spkC I % [F]
U5 N spkC T~ I [R5V R B (R ¥l 1000 bp A& K]
FB%), H spkC-F2/spkC-R2 314191 pEGFP-N1
ki, SEIRIERIEIRE, K Lk 3 47
[ S5/ ik, A spkCUP-F1/spkCDN-R3 Jy5 |
Wiy, Rk R B spkC-kan, KK Y
spkC-kan F1ZE /& puC18 3% EcoR I . Hind III
PEATEEYI, K= aifb S , F T4 3 e 4
JE AL R DH5a, % PCR IAE, B4 0
1. 50 pg/mL RABEZE A 50 pg/mL AR HHER
0 1 Ji K BE P T e 6 A T AR W AR (V) IRy
A B EF

132 HMBEHHE: S8 Williams ik,
H A=K B XPEOU AR H e s I Wi BGLL
B IR BT BN AN OD7so fHH 2.5 4244 .
A B8R BE KL 10 g, (ROGCREIET 6 h.
B 75 A R AR A 2 P (50 pg/mL) ) BG1L [ {4
BEFREE I IR A 1 , HF7E 30 °C.50 pmol/(m*-s)
EEOCREM TSR PTG, B
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Hie 2 AT 58 4 HE IR R B A 4R i 6803 28 A%
AspkC. %1%} spkC JE[H | kan® 3 K Fi#& 4 [|] Y5
A Bt b RS I, JRE R (L) B
it 700 bp K [ (R) T iif 540 bp Zbixit514),
L PCR 43 Kl EA A, 519 W3R 1.
14 ARK#ELANE

B %6 4 K 1 (OD730=0.6-0.8) A 4 g 3%
PN IR IR BE OD7ao fE R 0.1, %f 24 h UM 1
W, FREHT Tu-1810 25N 6T E OD7so
B, ek, LmAMIT ALK RE 31
P47
15 A4HERBOLIENE

M Tu-1810 EEAMEGEE T T KA
i, PTGy 400-800 nm, 4 R Ay b
MEEET, JoH BGLL B r 4 IE, M
IR 3 L SERGHEA A o LA AR Ak bR, DAXT
IV FrY) OD B R A\ AL b A I 225 1l 4= i i O 1]
5B B A 20 MRBOE S 11 L) 730 nm b OD i
HEFT I —ARAL B
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Sfil1(1679)
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FEag1(1810)

(3571) EcoR I PfAIFL-Tth1111 (2022)

(3561) Pme 1
(3538) Pas 1 BsaA 1 (2208)
(3493) BstE 11 ‘ NgoM 1V (2404)
(3395) Ale 11 Nae 1 (2406)
(3360) Bbs 1 Rsr 11 (2420)
(3113) Bsg 1
B)
Plasmid Kan®

——

Wild type genome t spkC . ‘

spkC upstream spkC downstream
spkC-F1 l spkC-R1
AspkC mutant genome Kan*
S ——
spkC-F2 spkC-R2
spkC-kan-F1 spkC-kan-R1
0599-F1 0599-R1

Bl 1. AspkC ZZctktiE

Figure 1. Construction of AspkC mutant. A: Construction of the spkC homologous recombination vector; B:

Schematic representation of the constructs used to generate AspkC mutant.

1.6 EiRMNEALEE BRFE, M RSOCSEOER, SiRPba R E
AR 2R R4 gn g i e, iR AL A 45°C, AbFREY[EA 30, 60, 90, 120, 150 min,

AR 42 °C K%, 50 pmol/(m?-S)iELeies ARG EEE 31 F1T.
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TR Pu/Fm rl s, bR
J5iM 0.5 pmol/(mP-s), Hu Ak i 5640 pE/(nP-s).
1.8 BHRAAE B

¥ WI1h OD7ao{H N 0.1 BIBEW, HHI7E 42 °C
TrRALEE 1 d 5 d )5, J87 OD7=0.1, JiUE:
FIEW IR TR, & 24 hilliE OD7g, 4%
Hil A K2k .

2 SR

2.1 AR E

PCR 3 iiF 28 A8 A4 3 5 (4 s SR A9 50, i) e
HY A RIS A RRIE N 4] DNA R AEAE kan™ 2
(K. spkC A . #&AN[A] i 28 4 - Bt spkC-kan, LA
K il A TRl JEE (L) F i 700 bp ZE[RIJEE (R) F il
540 bp KA B, RSN 912 15 51 7 R U5 5
4l Z5RAE 2 FR,

fii ] kan® L[N | spkC D | HEAN[RIPRAS L
Bt spkC-kan 514, LAKAE R (L) ¥ 700 bp
Z AR (R) N F 540 bp F BOb i3 %) i
PRI TSR, BIYP A3 1, Ha bk 3 28 A Ak
HAETE kanRHLPESEIR, 1 spkC R &AM 2k . Ik
Gh, XFEEAN AR RS By spkC-kan K R PR (L)
_F3i7 700 bp Z[RWEE(R) il 540 bp A B4l
F Y45 R0, kanR B PESE R £ 2 B e spkC JE A,
BE T PCR myfaIn4i iR, DL E45 K] spkC
H5E 4 mibi, 28748 RE AspkC C AL
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1608 bp
975 bp

3200 bp

2. AspkC 5RZE#k DNA KL TE

Figure2. Theidentification of AspkC mutant in DNA
level. A: PCR analysis of genomic DNA from wild
type (lanes 1, 2, 5, 6) and AspkC (lanes 3, 4, 7, 8)
mutant using the primers amplifying the open reading
frame of spkC (lanes 1-4) or the fragment of kan®
(lanes 5-8). B: PCR analysis of genomic DNA from
wild type (lanes 1, 2, 5, 6) and AspkC (lanes 3, 4, 7, 8)
mutant using the primers amplifying the open reading
frame of spkC-kan or the fragment from 700 bp
upstream of homology arm (L) to 540 bp downstream
of homology arm (R).

2.2 EHEEFRFA T ERBAERKFL

SR T ARG Sk C 5k PR g 535 A 5 X R 118 A
ARG, SRR AGTIN T SRR AR R AR
FRFEMF RN, 45 R BN, BARMmEA
PRAVAER BERARRI(E 3). T35, BbktERE a. #
NREER A% D RRHEIES5] 675 nm, 625 nm,
485 nm™, 48 AS I Ak T X6 £ (0D 730=0.6) 14
ARG AERR (B R A B i, A5 IR R Y AR bk
RS RIN R & I A A (K 4), H2IRH
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Figure 3. The growth curve of wild strain and AspkC

mutant under norma condition. Error bars indicate
standard error of triplicate.
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Figure 4. The whole cell absorption spectra of wild
type and mutant strains at exponential phase.
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Figure5. The growth curve of wild strain and mutant
under high temperature stress (42 °C). Error bars
indicate standard error of triplicate.
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Figure 6. The whole cell absorption spectra of wild strain and mutant under high temperature stress.Whole cell
absorption spectra was measured after 1 day (A), 2 days (B), 3 days (C) of growth under high temperature.
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AT REE A T AR PSTTAYZEREIR, i eE3h
RERFEIS. 76 Fv/Fm ZRfbihigrh, B4k Fv/Fm
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FAR 2 e T A T B A R R O AR e 1Y) B o A3
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PR i 5 B A R T g
24 EIRMNE(42 CCYIRE Hr BBtk A KB
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Figure 7.

PSII activity of wild and mutant strains under high temperature stress (45 °C). A: Maximal

photochemical efficiency of photosystem II. Error bars indicate standard error of triplicate. B: Yield. Error bars

indicate standard error of triplicate.
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Figure 8. The growth curve of wild strain and mutant
under the recovery. Error bars indicate standard error
of triplicate.
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Response of serine/threonine protein kinase SpkC to high
temperature stressin Synechocystis sp. PCC 6803
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Abstract: Serine/threonine protein kinases play important roles to sense and transduce signal to cope with external
environment. However, functions of many serine/threonine protein kinases in cyanobacteria are still unknown.
[Objective] This study aims to explore whether SpkC in Synechocystis sp. PCC 6803 responses to high temperature
stress. [Methods] We used the homologous recombination method to construct the spkC gene knockout mutant
(AspkC), and then compared the growth rate, pigment contents of AspkC mutant and the wild strain under high
temperature stress. In addition, we detected chlorophyll fluorescence under high temperature stress. Recoveries of
AspkC and wild strain from high-temperature stress were determined through measuring the growth rate under
normal temperature. [Results] Compared with wild type strain, AspkC mutant grew slower, and the contents of
three photosynthetic pigments (chlorophyll, carotenoid and phycobilin) decreased after high temperature stress at
42 °C. The activity of photosynthetic system Il in AspkC decreased more rapidly at 45 °C. What's more, AspkC
strain was not able to recover after high-temperature stress for 5 days; their survival rate was significantly lower
than wild-type. [Conclusion] The deletion of spkC led to severe defect response to high-temperature stress in
Synechocystis sp. PCC 6803, which suggests that serine/threonine protein kinase SpkC is involved in response
processes against high temperature stress.

Keywords: Synechocystis sp. PCC 6803, serine/threonine protein kinase SpkC, high temperature stress
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