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M OE:IFR] ZaBaBERe 4R ERELIEGEE, Clp RaZamt—XE SR
WHEGQBESW. Clp & a8 AAWeKEE £ ClpP, £H3E PCC6803 F 4 4£ 4 # 1 F 49 ClpP
E4&, 454 ClpP1-ClpP4., AT ZH T KBESMe s, B ATt &I0E ClpP 695t R
oAk, sStHEARG LSRRG E Y. [B ) 2BERREHHRATZIER ClpP2 &4
MR, SR LBLERY, HEME ClpP2 /R AL 520 238, [F5 %1 M EME ClpP2 B
THR(ACIpP2), #AT L A K R EFo o I AT R . 18 W ATFITE & @ 4L F # R (isobaric tag for
relative absolute quantitation, iTRAQ)% 2. ClpP2 A¥E ¢y ¥eir & @, AWMz &EF oW EMEEG 258
R, |G F) R -F A7 R E Y0 (parallel reaction monitoring, PRM)4X AR 354 & & 448 #1756
iE, [4R]1 ACIpP2 T E G ARAFMHTASARERESHAKRY, 2FHALRGEME TN LE
EwAK., HMERTEHAEAR, ACIpP2 A £ 2 F k89 PSI & FAE# 2 R A PS | IR X b FAE8 & 4.
@it iTRAQ Z & @MU F F5, ACIpP2 #93+F WT 5% %) 206 M2 FAxEdG, £+ 131 4
LA ISASTA, A ClpP2 Z @R T F 5 698 £ &4 & . I H K4KiE(gene ontology, GO) 4 #1
KN ClpP2 £ EA5XF MR tn4EE, LF ABC ZA#ZRZERFHE &, FH PRM A 34 A
ERARAGEOQRTTIRIE. [48] ClpP2 EARREREAKIILE, (£ ZHBRA S AMA
TRAURT V8, RREARIKERERS A% FEW, ClpP2 TR S F4E 3t m#m s
% 4%. ClpP2 BT HE S ClpX 4T mE QL oM.
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Effects of ClpP2 protein inactivation on growth,
photosynthesis, and proteome of Synechocystis sp. PCC6803

WANG Yaqi'?, ZHANG Yumeng'?, LIN Xiaohuang'?, YANG Mingkun', GE Feng '

1 Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, Hubei, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Background] Proteases can degrade the misfolded or nonfunctional proteins in
cells. Clp family protein is one of the important protease complexes. ClpP is the core of
proteolysis of Clp protease complex. According to genomic data, there are four different ClpP
proteins in Synechocystis sp. PCC6803, namely ClpP1-ClpP4. As a vital functional component
of proteolytic complex, ClpP in Synechocystis is currently poorly studied. The study on its
physiological function and substrate regulation is limited. [Objective] To explore the functions
of ClpP2 in Symechocystis and identify potential substrate clusters, thereby providing
experimental support for the mechanism research of ClpP2. [Methods] The ClpP2 mutant strain
(AClpP2) was constructed, and the growth experiment and photosynthetic system characteristic
experiment were carried out. Target proteins regulated by AClpP2 were identified by isobaric
tag for relative absolute quantitation (iTRAQ), and the metabolic pathways involved in the
substrate proteins were analyzed via bioinformatics. Finally, parallel reaction monitoring (PRM)
was used to verify part of the quantitative data. [Results]ACIpP2 grew into the logarithmic
phase through photoautotrophy under natural conditions, but did not grow normally when met
high-light or high-temperature stress. Compared with the wild-type (WT), AClpP2 showed
significantly reduced photosystem II (PSII) electron transport efficiency and circle electron
transport activity of photosystem [ (PS I ). A total of 206 differentially expressed proteins in
ACIpP2 were identified by 1TRAQ quantitative proteomics. Among them, 131 were
up-regulated and 74 were down-regulated, which provided a rich substrate library. Gene
Ontology (GO) analysis showed that ClpP2 was mainly involved in the transport of various
substances, and ABC transporter pathway was enriched notably. Thirty-four differentially
expressed proteins were successfully verified by PRM technology. [Conclusion] ClpP2 is not
necessary for the growth of Symechocystis, but is essential when Synechocystis meets
high-temperature or high-light stress. ClpP2 inactivation reduces the activity of the
photosynthetic system in Synechocystis. ClpP2 might affect the photosynthetic system by
regulating ion transport. ClpP2 is likely to bind with ClpX to form a protease complex.
Keywords: ClpP2; iTRAQ); Synechocystis sp. PCC6803; proteomics

SR AIE R LR 0T KRS, Clp EAWRIERT E 2,
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B, ClpP & HBHENKf#Z G, 15 Clp 401
BB R EZ B ClpC. ClpX %, %,
Clp 7r FHABE FR B X R 17 L&
b, ¥ IE Y3 ClpP MK
i 2 A T K AR

YE R K RO ClpP 2 H B —2S LAY
ATP WKL 22 AR E A, — AR R KA
TEMAR, B2 5EEMAMRAENE ), R
e A TR W AR A AN T EE R, A X
G B IR AW A% AR W B BT e B A0 T A A
SIRZHAER ClpP I, 1EHMI%E PCC 6803
CLH1 4 F ClpP &1, 437& ClpP1-ClpP4;
Ak, HEMEPER T ClpX 4 ClpC £ ClpP
SRR, WEBRT, XTI ClpP H A
IR, MRS RE R, X ClpP
RY . 1A . DRSS i AR I

Ok B 2 A5 R FHRE sdH . BE B
R 2 B 7B AR ClpP 25 i TR 5T
K TR 55U, H R 4 ClpP
B A AFE BRI AR, HIR5E ClpP2
0T AR L AR K O R OR I RE IS
ABIF ST AR B ClpP2 £ 11 2% 1 I A L35 58 AR R
AT AR LR IR RO A S48, 456 A R
o Xt % 1 [W) i 2 B3 10 (isobaric tag for relative
absolute quantitation, iTRAQ)-5 ¥k AH {2111 - 48 Fk
Jig (LC-MS/MS)F A , ik I 4 Hr#E ClpP2 2k
TE RS2 T RB R WEA R, FIHAT R
Wl (parallel reaction monitoring, PRM)#% R %
WEHR 4> iTRAQ LI 45 IR, )0 IR 90 48 M
ClpP2 Hifig, FF0 ClpP2 & [EGICH R 5T L it
CIE 7)) 3

1 HRE5rF%E

1.1 ##
SR BT FH AE U 38 PCC6803 3 [ v [E B2 B

AR E, BERREME BG-11 853737 i
BAE 30 °C A AT G IR
40 pE, FHRESE . FHF OB va B i I S e
1E LB 1532 50O 5 K AT (Escherichia coli)
DH5a, JitE 7 37 °C fHRIG AR PR, 5
JIT B 350 Ry AR S 35 % DR A o

FEEFNFULES: R RIFE R, Aladdin;
&R R W3k [3-(3,4-dichlorophenyl)-1,
1-dimethylurea, DCMU], 2R A= ¥ 45 R (i)
HBRAF; =% LR (trifluoroacetic acid, TFA)
FZ MG, Acrosorganics; iTRAQs 6-Plex {5
&, Sigma-Aldrich (R 5 A B wl . XGE
TR AR E AL, WALZ A7) LC i
{%, Shimadzu/A¥); C184:, Waters /AH]; {6
I, B, fEREkEF RSLC C18 #E, Thermo
Fisher Scientific A F
1.2 RTHKMWESEKIESF

ARG M B AERY(WT) S ClpP R
AERR(ACIpP2) B P B R HEF 75555 . ACIpP2 (14
R FH R DR 1) 5 A8 vk . FEE MU e R 4 rp
SE ] A AR R R B S R, g A
ClpP2 K 3&[H (sl10534) K HE H0 W) 548 o 38 1o [
RBVERE R B e 15 %, 3R13 ACIpP2 FTERE
Je i PCR 5% 4730 0E o b [E A H 1 35
FFE M IS Hy 12.5 ug/mL BRI X
) BG-11 [E &R 7%

B R P BCBRL T A B5 150 mL VK BG-11
BRI 250 mL MRS HERIRH AR K, IR A
NS IERRE R 2 <o Hh ACIpP2 #5570
HAII AW 25 ng/mL IR IR RIRE X . A
WGP S50 24 R TG B R Tl B4 ol
It B R A Y625 B OD430 M 0.8+0.05

1E % 8% ## 25 14 (normal  condition, NC)i&
B WERER 30 °C, FMIIEIEEN 40, B
JAAbH . 5% 5% (high light condition, HL)% & Y30
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A 200 puE, Eiifk(high temperature condition, HT)
BB 42 °CP, Mol R I H 4 F. D
AL, BB A KIHE R B R OD43
4 0.01, 4M9l7fE NC. HT 8 HL &MF N
5d, 43 12 h li—¥K ODss00 A5 Bt )3 5 Xof
B KA Y B R R PR
1.3 MEERASHSH

WS WT F1 ACIpP2 2 [] (564 A B AR
Ak, RO 18 18 1] -2 22 964 B4 ] -0
fR R S I E M4 R PEOEAM P700 A ALIE I 5 )
R U B Rk B 3R B B0 (0D AN
0.8-1.0)J5 W B, 75 B Jbir 3 Ak 34 7 D) A i 42 i
He X BOWH B R ICTE HT B¢ HL BR8P 1 he

UL R R AR 4 mL 8N 15 min J5 5
A Dual-PAM-100 Pt i) Se gk 55 ML, 4534
HMAHA PAM G WE M4 R 9O61H
Sk, tApkelicE Sy 10 000 pE, TG
o, AT S I B AR 5 4T R O,
30s 4T —AMApk i, PG E S K
MGG, RIS RE S DG P DG AR O 5 i i 4
RYOCBES AT WM IF 4R TS Post-illumination
U2 b RORARYE PS 1T 1 e KA 3L
RFJE)E, N A, FyFy=(Fn—Fo)/Fmo

e s e i 4k, B 10 s A TR
T A kol TRFIBK PAR M 11-693 uE X405
B ¢ H T ¥4 B2 3 % [rRealelectron  transport
rate of PSII, ETR(ID) A6 T A%k PSII ™
#[actual photosynthetic quantum yield of PSII,
Y (1)1 BR 3 5 HH 28 (rapid light curves, RLC)#%
Bt B shid s A O, .

il P700 SAALIE 5Bl e h 2, R TE
T OD730 VAHE A 2.0+0.05, #£ 15 min i W i il
AWKREZED 10 pmol/L ¥ HL F-BHITH DCMU, XX
i T 8 ) 2 3R SO AR S Klughammer
AU Ty 9k OR EA T 3 2 8 5 DA 3 O 4 M

W ETE Y 820—-860 nm. FIJFI&EAT, it
IR 30 s WRDBZ LR R, Mk
HEATIH — A Ab 3, AR 240G o el ek
RS 3 iR

1.4 BEANRINFEERE

B 200 mL X4 K 5109 WT F1 AClpP2
WHE S8 SCBR[15]00 57k, B PR B PR
A UEAT AR . WT A1 ACIpP2 BEE 3 AW
HE, L6 dIMEM. BERAHREMA 0.1%0)
TFA 2 1%, TE 4 °C. 2 500xg &/ F B0
10 min, fRE FIEW, MBS TEMRA T
W, RARIRBCRE S, A 80 °C {17
1.5 iTRAQ fRiCEME N E

JIKEE i TEAB Al ddH,0 4% 15 pl &%,
K iTRAQs 6-Plex a7 &4 I EF kA7
Ric. 6 AFEMEERNE 2 h FAIEL K
FESLE LT EARRS BAE, BEHEREEE 2%-80%MHY
ZE 0k B (80%Z N, 5 mmol/L NH,OH)7E {41
A L1 mL/min G BERL 90 min, R E N
40 °C. HeofmlEpRIEE 90 iFEA, e &9t
N 12 #H . 3.5 mx4.6 mmx250 mm XBridge
Shield C s H: FZE 1P A (H,0, 5 mol/L NH,OH)
Ve T BT B IR B TR R DT, TT25 5
DT 0.1%0) TFA i5f#, 4 °C. 11 000xg 5%
PFREL 5 min, ¥ EHRHT LC-MS/MS
30T o
1.6 LC-MS/MS 9%

LC-MS/MS 43 Hr 45 & 635 3O Q i,
RS (MS) B i FH B4 K i 3R i (data dependent
acquisition, DDAEAHCRAE . 2 umx75 pm>20 mm
RS AR 95%MIZZ M A (0.1%H K%
WA, BRESAIBRBAESD T 2%—80% 2% nfil
B (80%ZJiE, 0.1%HR), WiEl 250 ul/min,
VEMEAEE . 0. 20% B; 20% B, 1 min; 40%
B, 8 min; 80% B, 9 min; 80% B, 11 min;
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20% B, 11.1 min; 20% B, 14 min. &5
FEMZEA 2 pumx75 um>20 mm C18 F:H, WA
B A AT P . SEOLE S SR % Al
g2,
1.7 EBEESEENH

W B %€ IS 25 R A A B MR
F s E s 221 MaxQuant (version 1.3.0.5)84F
FTEARSEE, EREEMNTTIRMES Cyanobase
Synechocystis sp. PCC 6803 2015.10.16 (http://
genome.microbedb.jp/cyanobase/GCA_ 00131838

5.0) T8 BAFSHER'E N . parent ion error
10 PPM, secondary ion error reference {E & 0.05
Da, trypsin omission site ¥£45% 2, FPRLEMI4S
R K& P (false discovery rate)/NT 0.01,

JIT R B 1 2 1 J5 0 A R A 148 (gene
ontology, GO, http://www.geneontology.org/) 5
TR A 41 E B4 15 (kyoto encyclopedia
of genes and genomes, KEGG, http://www.genome.
jp/kegg/ )it o3 BT AT B AL B
1.8 PRM WiFERFRIAER

FEBRAEIRZE, I ITRAQ LXK (R —
HEFE SO IKBEUEFT PRM BRIESETS . RRECHE S
M—80 °C HUH 5 FH 0.1% TFA E . RA@IHE
ASCHR FH BT SO KA i EA T LC-MS/MSS J3 47
MS $idi R G R DDA 773, 8%—95%Z Ml
B (90%Z 1, 0.1%H iR/K¥% ) LA 350 nL/min /Y
DR GEEAR, VR [R5 & 130 min, VRS
JEBEE A : 0-91 min, 8%—25% B; 92-117 min,
25%—45% B; 118-119 min, 45%-90% B;
120-130 min, 90% B. VEMLJG AR M BEA BT 1%
IGHAT A . 4558 Skyline (3.5.1.9942)%k {4
AT, EREASIRH—E MR ESE ]
i iITRAQ HYBEAS R, L4 45 DERHAT
PRM 7E B Uk 70 7
1.9 %itorth

FRA SR ST A 3 IR T LB s 4

fdi FH Origin 2021 #AFHEATAN IR . Hda R H ¢ K
BCARE), FUARIEZE(SD)ER/R, P<0.05 HZE
SAGEE X

2 ER50

2.1 ACIpP2 EKESNXTAEFR
2.1.1 ACIpP2 ERMINHEEXEBF

FRYE A I IR JE [N, 7 45 i o8 o 3] o
44 Clp FEFABHIE R, 435128 ClpP2 (sl10534) .
ClpP1 (slr0542) . Clp4/R (slr0164)#1 ClpP3
(slr0165)"7 ., ASHIF 5 0 1 [ V5 7 24 5 BEOKE < 1
B 2P DR 8] (Kom") 25 350 4 1 A 700 4 iy
HE(WT) clpP1 (slr0542). clpP2 (sll0534)F7 51,
2350 F # ClpP1 I ClpP2 2845 bk, 4 ClpP2
AR (ACIpP2) LN # i A7 1G , I clpP2
Pt 5 | PRI Km" i B4 sl o (K1 1B), i
P EAE, IS L 1; ClpPl RASKE
TCIE AT BRSO U R R ), AR
2.1.2 ACIpP2 EEXSESEME T REEK

¥ WT F1 ACIpP2 B FE#EFIF] BG-11 A
Brgedt, 43l EFIER (NC). mitHL). &
HEMHT) M T 174 H BIR G OE S A 7R T%,
BEFE 12 DGR ODqso, 47 120 hIF 2310 AR
Khgk. FEIEHR 0T, 4id 120 oA AFRAE:
£ WT F1 AClpP2 S& /5 BiA X4 AE K (Bl 2A).
WT ) OD73o M 0.01 £E K 2 2.26£0.015, 24-96 h
B fEHE ] 18.17 h; ACIpP2 B OD3 %3k
1.82+014, fF¥&mtEI2y 20.90 h, 241X 5 GE,
R EE A , WT AR K R iR,
OD130 M\ 0.05 43 HIH 2 0.73+0.46 F10.5140.000 77;
ACIpP2 TEX R S5 ODyso IR M
0.1, JGILIEH 4K (K 2B, 2C),
22 ClpP2 ERKRFESHXARGIEMHRE
TP
2.2.1 ACIpP2 #J PSII Z%

PSII e KRB AR (F/Fn) W] LA PSTI
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B O [ e KGO8 A PSTT ML T34 %
THO0, & PS TLGHM il s Al 453 45 g 4 A1
F/Fo MEEINE 3A 7R, WT A 0.63+0.007 2,
& T ACIpP2 (1 0.58+0.016, ETR(II )J87E

Y(IDHARFR A i i i R i 43, IEH
M FVERE 0-Fo/Fol™ P il £ 25 1 40
K 3B, 3C flizn, WT ) ETR(IDA Y (IR HRE
TR UG ZAE ACIpP2 |7, 5 F/Fn 8558 —3

YN RS BB R PS TT 1 By A% k% 1201, P, BB ACIpP2 FEkEH PS TS24, 161 TR,

. 200 bp B
QOverlap PCR —

T Bt T 2 000

i = el 1 500 Q-

WT 5'UTR clpP2 3'UTR
1000
\
AClpP2 Kmr clpP2 3'UTR 730 w

El 1 ClpP2 BiMRREFHMESEIE A REKHEREZER. B: ACIpP2 1 PCR i
Figure 1 The construction schematic and verification. A: Diagram of mutants construction. B: The
verification of AClpP2 by PCR.

F1 HE ACIpP2 FTARGI%R

Table 1 The primers for the construction of AClpP2
Primers name Sequence (5'—3’)
Hal-sllr0534-F CAAATTACCCTTGGGGTGTC
Hal-sll0534-R GACTCTAGAGGATCCAAAATAGTAGCTGGGCCACA
Kana-F GGATCCTCTAGAGTCGACCT
Kana-R GATCTGATCCTTCAACTCA
Ha2-s110534-F TTGAAGGATCAGATCTGGACGCAGAGGACCCGGAA
Ha2-s110534-R CAGATGGGAGTCGTATTTGG
A B C
24 - 0.8 - 0.6 -
—a—NC-WT —a— HL-WT —a—HT-WT
~» NC-ACIpP2 ~ e HL-ACIpP2 ~e HT-ACIpP2
{12 < o4l 03
S S S
* o o & S-0 OO ]
0.0 ‘ 00 v, 0.0%
0 24 48 72 96 120 0 24 48 72 96 120 0 24 48 72 96 120
Time (h) Time (h) Time (h)
& 2 BEHELE. SXMSEMETHEKEZ A: 30 °C, 40 pE. B: 30 °C, 200 pE. C:

42 °C, 40 uE
Figure 2 The gorwth curves under normal condition, high light stress and high temperature stress. A: 30 °C,
40 pE. B: 30 °C, 200 pE. C: 42 °C, 40 uE.
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A B C
080 - . 2.
T 0.50
0.63 L —=— NC-WT
0.58 NC-ACIpP2
o
<040 L Z =
3 025+
3 E = J
—s— NC-WT
3 NC-ACIpP2
0.00 oL ! . . . 0.00 | l ! |
& é@’ 0 200 400 600 800 0 200 400 600 800
& Uvo PAR {uE (m*s)) PAR (uE {m*s))
%

3 BRI F/F, SHRIRRZ

A: PSR KA F T8 (F/Fy), **: P<0.01. B: PSII HL

HL %3 R [ETR(ID AP IIZR. C: PSITSEBOLARCRY (D] Pl th £

Figure 3 F,/F,, and rapid light curves of the strains. A: PSII maximum photochemical quantum yield
(Fy/Fy), **: P<0.01. B: Rapid light curves of light-intensity dependence of the PSII-mediated electron
transport rate [ETR(II)]. C: Rapid light curves of most measurements including quantum yield of PSII

[Y(ID].

2.2.2 ACIpP2 B PS I R FHEBIERETE

V5580 7 2 O B R 25 1 LY - 2 389
Yk, WFR Post-illumination HZR 4NIX 4A P
Mo TE WT AR RG2S LB
K, 22510 s 2O61E S ETHE St (& 4A
WT-box), %1 & H ot 1A i i 76 R IS PR35 R &
A AR RN PS T AR T ORI RG], iR
Je B IX S e B ) e T NDH- AP T
B K/NTT DIFE— i R Bl PS I 26
BLEZE PS T IR L2, 76 ACIpP2
Hh S R D 55 1 B LA X L 158 A7 21 52 )
BRI R (K 4A),

P700 j& PS I ARy, JEHET 4
il 225 b6f & A W)(Cytb6f)ifi ] P700 FYHL Fii 3=
R A PSUP2, fEH—Fh PSIA0HIH,
DCMU #i4fil H M PSIT I A9 TR 1) Yk R H - 52
IRITER L3, HREORBE T 2K QA I
A BT LAY W A TR R e R L )
W L2, DCMU £ 7R P700 36

JR A HL T 25k 1 NADH il & i #1 PS 1 & Fl
MR P, R 4T 6B S T P700 2
RKEH BN A IR E, RAZLk
P700 JFIABLH F4E B TR, Y
B, Wil 4B iR . ACIpP2 1) P700 i
JRHTER e WT BT R 22 . BUA i th 00 iR
5 s e TG, RERBIRUAER
Ri7, WE 4C. 4D, MRIEHIAZEHRITE P700
WFE R, WT 4(66.55+2.47) ms, ACIpP2 i
FHER % (146.23+20.65) ms, 42 WT K 2.20 5.
Post-illumination {5 P700 if Rkt H A
— 3k, 3R] ClpP2 H 52 W 41 7E PS 1 (Y3
KA FHEHBEE,
23 ClpP2 ERKRFERFENERRE
BT

i B iTRAQ Jr ik al LA WL 25 14 i 1A AR
fb, TAEWBWME 5 . il ad i % (unique
peptide>1), % 6 MLEAHILA 2 612 NEH
GR35 oI L I e €= - A e Y IR S PR |
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3 508 AT A 74.46% (https:/www.
uniprot.org/proteomes/UP000011627) , 4 2% %%
P B M S . T R BT R
4143 M1 (principal components analysis, PCA), LA
Ko A Wy oy B 2 A B M I 020 T AR 2Z )
25, PCA 45 B/R WT 5 ACIpP2 KK
5 IR R (& 6A), 45 SRR AY-E
ERY, ACIpP2 FRFEFRIKEI LKL T F

= k.

E X [logy[fold change(ACIpP2/WT)][>0.263
H P<0.05 H2ERREEH, HLiHEH 206 4
LI WT &% ACIpP2 M k1 22 55 Rk H A,
Hrep 131 MEA LA, 75 AT, BdEaTiiie
Jpk i, FERE 6B, FiRMZERERIEEALE
TRE 1.5 6%, Ui ClpP2 A F% B ELR
B EL M AR, X FE 2 R RIKEN
J& ClpP2 WIS TE IR . 3R 2 ik Rk g1
S AR ERRIBEN,

A B
i AL off
+DCMU
8 m AL On 30 S l _NC'WT
5 i — 10| pefpes NC-ACIpP2
3|5 3
s |t 5
= Time (s) <
= = £=146.23 ms
a —— NC-ACIpP2 2 05F /
: A 11=66.55 ms
= . 5
~ fML on
- ALon 300 ms
0 10 20 30 0.0~
Time (s)
D
0.1
— NC-ACIpP2
00N L TR
_0.1 1 L 1 1 ]
10 — Observed of NC-WT 10 Observed of NC-AclpP2
_ ’ ~ — -Fitting curve of NC-WT = ' Fitting curve of NC-AClpP2
= =
< <
S S 05t
o e
K 1 I 1 1 I 0.0 L I I 1 |
0 100 200 300 400 500 0 100 200 300 400 500

Time (ms)

Time (ms)

4 T HKHY Post-illumination B2k 5 P700 §{LiE[Esh iz A: Post-illumination fiZk. B: P700
FALE RSN SRR, €. WT 19 P700 iR HHZE. D: ACIpP2 f) P700 4 J5 i £k

Figure 4 The Post-illumination curves and P700 redox curves of strains. A: The curves of Post-illumination.
The transient increase in chlorophyll fluorescence after termination of actinic light. B: Full redox curve of
P700 of AClpP2 and WT. C : Reduction curve of P700 of WT. D: Reduction curve of P700 of ACIpP2.
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Figure 5 Proteomics experimental workflow.
A B
S 6 L. Down regulated
B . i1+ e Upregulated
Lo
I I
25+ 4t .
—_ ) ® e
§ WT A %
H -
S oL A <
o = 2 L .
g Eg ACIpP2 & n=75 n=131
ol OO N " LT R
P-value<0.05
_25 L
A °
1 1 1 1 1 1 3
-60 —-40 =20 0 20 40 -2 2
PC 1 (46.5%) log, (fold change)

E 6 iTRAQ ¥iEITMH A: B EHEFM PCA 7. B: EEE A AT KL

Figure 6 Isobaric tags for relative and absolute quantitation (iTRAQ) data evaluation and subcellular
localization. A: Principal components analysis (PCA) analysis of iTRAQ data. B: Volcano diagram of
identified proteins.
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Table 2 Partial fold changes of differentially expressed protein

Gene ID Gene names  Fold change Description

iTRAQ-based PRM
5110247 isiA 0.653 0.001 Iron-stress chlorophyll-binding protein, homologous to psbC (CP43)
sl0681 pstC 0.548 0.017 Phosphate transport system permease protein PstC homolog
5110534 clpP2 0.466 0.020 ATP-dependent Clp protease proteolytic subunit 2
5110683 pstBI 0.299 0.021 Phosphate transport ATP-binding protein PstB homolog
sirl1250 pstB3 0.748 0.150 Phosphate transport ATP-binding protein PstB homolog
5110684 pstB2 0.416 0.158 Phosphate transport ATP-binding protein PstB homolog
sir1672 glpK 0.551 0.264 Glycerol kinase
sl10680 pstS 0.449 0.327 Phosphate-binding periplasmic protein precursor (PBP)
sl10535 clpX 0.782 0.391 ATP-dependent Clp protease ATPase subunit
slr1247 pstS 0.492 0.560 Phosphate-binding periplasmic protein precursor (PBP)
5110290 ppk 0.810 0.623 Polyphosphate kinase
slri853 slr1853 0.658 0.789 Carboxymuconolactone decarboxylase
slr0384 slr0384 1.345 1.462 Sulfoquinovosyldiacylglycerol biosynthesis protein SqdX
slr0549 asd 1.308 1.529 Aspartate beta-semialdehyde dehydrogenese
sl10495 asnS 1.388 1.683 Asparaginyl-tRNA synthetase
s110900 hisG 1.243 1.734 ATP phosphoribosyltransferase
sll1807 rplX 1.436 1.764 508 ribosomal protein L24
s110899 gimU 1.419 1.846 UDP-N-acetylglucosamine pyrophosphorylase
s110086 sl10086 1.202 1.859 Putative arsenical pump-driving ATPase
s110502 arg$S 1.378 2.023 Arginyl-tRNA-synthetase
5110902 argF 1.345 2.209 Ornithine carbamoyltransferase
sl10901 purE 1.319 2.209 Phosphoribosylaminoimidazole carboxylase
slr0546 trpC 1.453 2.296 Indole-3-glycerol phosphate synthase
slr1608 slr1608 1.315 2.298 Putative glucose dehydrogenase-B, periplasmic protein
sl1679 hhoA 1.248 2.407 Periplasmic protease HhoA
5110533 tig 1.257 2.728 Trigger factor
slr0793 slr0793 2.381 2.770 Cation efflux system protein involved in nickel and cobalt tolerance
siri331 ymxG 1.248 3.001 Periplasmic processing protease
slr0544 slr0544 1.270 3.050 ATP-binding protein of ABC transporter
s110897 dnaJl 1.627 3.273 Dnal protein, heat shock protein 40, molecular chaperone

24 ERFRIEAEBMN GO NE5FRHE
241 EFFRIEEBH GO 7%
i AR A o I 1314 FRA 75 4 F

JHEFRFIRE AT GO 2, RIBAYIEFE
YA S Ao TR RS, S5SNIl TA B
wo P ZERRBENRALE(28.24%).
HEAE(28.24%) . H53i5(9.16%) i1, TE S 54
i 16 A B 31(28.24%) AT EFE (20.61%) ,

AR I8 2 5 4 L 7 3 S 1 e g Al A L
A 7 RN 2 i S A R R AR IR R R R
B dfad, isiA. tig, ruvC. ftsI, hslO,

spoT &5, X8 HIKA ClpP2 i M i% Bl 2 iy
FUEAN M, A ClpP2 BTEAE Y. ACIpP2
PSII A9V JE psbY . psbL. psbH L 52 NADH fi
%@ﬁé‘]ﬂz% ndhA ., ndhB. ndhG L[ ClpP2 3)

WRIXATE
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Figure 7 Functional analysis and enrichenment for differentially expressed protein and the PRM results. A:

GO analysis for cellular component, molecular functions, and biological processes. B: GO and KEGG

pathway enrichment. C: The verification results of parallel reaction monitoring (PRM) compared with
iTRAQ.
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T ZERREEAR T B A ML
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pstB1., pstB2 & FAF1 Pst2 2248 HH 1 pstS (sir1247).
pstC (slr1248). pstB3 H .
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FIA PRM AR #E—21F4l iTRAQ 1122 1
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oo Al & slr1485 . sll0654 | ss12559 F
slr1512; 42°F 30 MERARKER—F, Lo
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SV H PRM BRiE45 KRB iTRAQ & =454
AIE B o

3 W54 #®
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