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Potential and Tolerance Mechanism of Duckweed to Remove Lead Pollution from Water in
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9. #iE (JUEWINRFIRSET, QeI AT RS W EWARR . oAl 1l 5 e TARBUSCR 1
BRE) &

10. HHHE
R (—f% 300-600 7, EEELEIE R, sER TAERIE . i, SR GRS iR
KA, HE SR IEMEEIL%E R BE% NI R S PAT S BE )

TR — PV IR BAEIEI S E KA, RS KNS Yoy . B DU X VR
PRI FET B, BN S L RD AR XS e R X 2 b 4T RS S A A4 4 A R L
BEABRAESNT, FERE T IR AR 2 5HR B0 R DL SZ LRI 78 . S5 R 7%
PR IR BN IR B ECsp MTIA 5.9mg/L, SR K V K ARESPRAE (0.1 mg/L) ¥ 59 5, iHH
TFIAE S KRS JL IR B 740 7 Fh A o TR0 I 2 A 40 B R 20 B R B, AR BN T 4 i
R, F BN A A R R R B 2R AR R R R, XS A A Rk T SR 4H
Mt s, B T ERRER T IR 52

ORI (3-8, DArSRRIF) « BN i RMBE, L]

JEICHHE (P, —RONSEIA 300 N AEA)

Duckweeds are Pb-rich and tolerant aquatic plants with rapid propagation, and have a great potential to
remove Pb from waste water. In this study, inhibition experiments of Pb, microanalysis of synchrotron
radiation X-ray fluorescence spectroscopy, cell ultrastructural analysis and comparative proteomic
analysis were used to investigate the relationship between growth inhibition rate and Pb concentration, and
mechanism of Pb tolerance in duckweeds. The results showed that effect concentration ECs, of Pb was up
to 5.9mg/L, which was 59 times as much as the Pb limit (0.1 mg/L) of class V surface water, confirming
that duckweeds have strong ability in water remediation of Pb. Moreover, Pb was isolated in cell wall and
intercellular space and very few in cytoplasm. Expressions of ion binding proteins and proteins involved
in response to stimulus were enhanced. These defensive mechanisms might reduce the cell damage and
improve the tolerance of duckweed to lead.
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R A RNESE, AU KR TR RN, e B R,
W, HEML. B, BB, ANMRGREHEAGS LA Y, Bk EEY 550N Bl B
N A #A B B ORIER 2 77T ), F b7 R T & A S e BRI — .
A, A BRI R TR T T AR 3 A2 A NIRRT, A4S AR R BT
3 AR 2400~8800 M fry 4k A K riPL, FRIE CUA 2 AHVEER XK B TS SRt 7. m SO
LSS X SE It 2K T A B T MR AR B IR R (v 25D 1 4.5 5. RITIT, 7K
BTG B R BRSOA IR OR RG] Rl 2 —

R SRR AT VS YA S I — P R0 . HATCR L B AR A 2 500 b, HEr
[k SRR 16 Rl (FUR, IXECHR R B SRR A R X 33 rh % B A2 A
Wy, T & AR AE R R IR AR D o AT, R 7o (K A S A

AR B B K TS Qi 77, (1) st s 2R /3R, 768 Pb 100mg/L
PR G 7R 5K, VAT R4 490.5 ng/g Pb ™, 7 10mg/LPb ¥ hREFR 7 K, RN
R E R HOAF) 13301, 7F 0.655mg/L HHA FIEIR T R, TRIEHHT I R RIAH 84%M,
(2) FFEREREMT 524, WE4JE Cu. Cdv Ni Al Zn 435I7E 0.2, 0.8, 5 Al 10uM I gl n] {8 7%
FETI AR AT B TR, R M, TVEEAE 80uM Pb A F R R AE T BB B4,
(3) FFHEMG BHAR, PR 5 TATHE, B 5 /K A FL ) AT R 1 e
GyAb, ORI T A TS KRR 3 7K p U W AR FE ), S 2 6 th i v R
KA YA TR T %,

SR, VMR K B IR BRI BRI S A . B3 MR T T /KBS e S IR |
PR, SR A S e WL A T EANTE 4 o TR, T RV B Y 52 AT 58 S /K A BB S e )
VRO, R R B R T AR RS2 A SR AR TR AR, 5 B X O i S
R 5K A 8 e S ) B B XL



1.1 HWERER

PR LY ARD AT R 74k 50 248, COREREIA L. #yer. i, R, &R
MEEERITTRIKRELZ &R R, TR EL 200 5 t, HAl, OfF LTRSS
PR BER-700m M B PRI I 1 TR AR ORI T o 5 A= B 0 11 DA B e A il 9T
YRR F B -3 B, KR T4 B KT IR, A 3 M, B RE
HURIR AR R DTBISOE T PR AR JE RZ R

BYRR A LB R RURR . SEBCR AR R A FER S AR . 0 T 2RA A
PERRARIR AR YRR AL BRI AR R IR, JRUUT AR R EE N
B JTEYETS SRERET. ZEERET (BSEEERT), HUCRMADT. BT, Ak, bioh EENA
g BRI TiRA, HUONE R . BEMA S A%, Ao e, B WL R, RE
DOVERS s B B WL . BRAE. TR EEONMBRINIIE, HOOVBUIR. BIRL IRGUIR.
SR ARIFR S SR ECIRAIACIRIIGE 55 o 0740 LURDIRGS /8 E, FF AR AS . SRR el
Wy FERRGSH . o G RO AR A s iy 9,

WO

1.2 IFERiE)E

XA L SR A S A RLE AL 80 AEARBE DL, Al RIS . H R AKAL B
MO IR MR KIS QAN 2 s qe g i i, EAMIEZE 90 AREAR, IR A5 PH R RO K S
JBFEVESHZIX L5 Cuy Mny Pb #1 Zn %5 E &8 BT B B4 A VR, RILKH o LA
S ENGY, V5t T A P R R X LT AL SR RRATIIH AR RR I, T
WP B s Y P, H G YR B B X TR . e R TS Y i R B T
X A, SERP AR E SR R, T E SR SRR

™ X P S e K I HEE K R C 32 25 4. /K Pb &7 808 0.45mg/L, Ot ik
KV KPR HE (0.1mg/L) (GB 3838-2002). 7Ei5 JMEB K, KAEBDFHKH RL, H
Pb ) 5y 39.4ma/kg. A RS AT VR MR AR T I X 35k



2.1 HRREMLE

=\ LZESESY P

KAE T R M E R EER T X BT SR b KA R TR (Lemna minor) M FTAE/KEE, B FRaR
Yy, BETEEGT, WL E. HERKERFEZRE, BEE /KRR 3 Ik, HET
SIS ¥iagiih, HENTAMMA PR 1LANAU L, FB T EmMsLs. N TAEMNETRE

. (1) 22:00-06:00 W] B : W% 25°C. #2 /% 50%. JY:HE 0; (2) 06:00-22:00 B A E%: i

J¥ 25°C. {2/% 50%. Y5,

2.2 SKRSHR

221 SBHDBIEIETRSCIE

(1) BB MR SIS H598. thT SIS o PO, HI COs” 5 5 Pb B T BITIE, $m a1
HERHMRIE S SG B IE 2 R, 08D T PO COS IR, W 1 P T S8 0 B 32 77

FARWT
% 2-1 R SIS HFM
Moy B4y W (mg/L)

I NaNO; 85

KH,PO, 0.67

11 MgSO, 36.6

11 CaCl, 27.2
I\ Na,CO;4 2
\Y H,BO; 1
MnCl,.4H,0 0.2

Na,M00,.2H,0 0.01

ZnS0,.7H,0 0.05

CuS0,.5H,0 0.005

Co(NO3),.6H,0 0.01

VI FeCl;.6H,0 0.84

Na,-EDTA.2H,0
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(2) FEEAFIRER Po M. fER A SIS B,

3
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FH 2R B B A [F) P O B9 04 0.05. 0.1, 0.2, 0.5. 0.6, 1. 2. 5. 6. 8. 10. 15mg/L,
FHFIFH 5%HCI 8% 1M NaOH 1715 pH Jy 6.0 SEIGH, AN [FHTA B2 4 73 150m] ¢\ 250m1
Bett b, AR CPATRES 3 e

(3) il %8RB O FIFTHOBTE 5ml B0 M RIL 5 AL, F 5 AR TRk &

€ 22

(4) s PhiE Bk RIS, R A I ZREMEERR (B 2-D. Rbiklr M E

T 5ml JEAKBELE T, FEIE KD E, EEO0EIMIEDASRAKRLT, BT o (6%
4



T4 50m1), 7E 3000rpm id N0 1 %, OB, FERE.

(5) W AR iy 3 B (V7 NS RV I B AL TR e pt v, AR B LT R b 1 (& 2-2
B, HHAET, BT ANLAGEHIETR, BIREMERE 2. 1.

(6) WFHERGIR 7T KIm, BUH, I%BUDIR (4 KiFErt mpRE. 103598 0 KA 7 RIHE
VEME R, DAV SRR 0 BRI

(7D JE B0 R MR35 9% O T IRAIERE S 5 M, SR AR e pl 1 1. 5L 3R TE & (&
2-2 b4, VRE AN REE RS, HERFRFM4RE L.

222 [HEE X ST IE S HrLIE

BRI E D RS X BRSO (SRXRF) AT /E LR b 4R 5125 E BL15UL YR
2 LHOBE X SRR AR Z b dE AT o EEVEAE RO IR P BE SRR RE. FIA SIS Bl (e
KH,PO, iR EEV), A Pb i E 2R 2EA, 6 H 7 HIFMER:FR, 6 A 12 HBGRIZIFHERE
A EATINGE o JEHE T PRI, AN REMERE, AN BRI, HEE K
JEW KTy, o B ERERAR AN, KB R BN TG b B R #E4T SRXRF 3 #r. ARG
PERST )Y 50um=50pum, B4 g8 7]y 3s, DA< 50um, AEETEHE 16keV . 14 S 3 A B
TR 58 50 5 0.2510°V 1 0.38>10°V .,

Hedli A2 FIFH PyMCA 1 Origin BAT#EAT 2OCEAE 1S . FIA 1gor Pro A HEAT 414
EAEI TIPSR

223 EBHEESW

G VBRSOV . BERRTEDE . ZBE e HRIREE USREE). b
WY BOKFIBEE K. IR RN B, IRIE. IR S . B BT R Mg,
VPRS0 o0 R D SRR T 5 o3 R G SRR ] i R Gt R S8 F B IR 7T
Ab P

75 G FRLB (UL S0 43 S 7E v [ RO 2 5 7 BB R W 9 TR L SRR o 7 B T
FELEWDIE S T R MBE New Bio-TEM H-7500 (HITACHD), HCKfEEUAR, &AW S5 Y4 i
Hitly, (HIZHBRARSRE . LUK RAMRHE S 7 2008 FEI Tecnai T20, Bi#& 14
6767 REMEAX, WTRABEAT REEEALATCER T, ElTIONESGE, BA RS, R 6

B WA R D, SEAe e AT AR YE N B SR, BT AORRE S B RETE 4T A
5
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224 HREAREASFIE

(1) EMEBARR
%:T Plant total protein extraction kit X771 (PE0230), #HTHYIE AR, 1L TE
A FE I A B ER BRI B B 4 . 5 IR IOAT A H 15ml @ 4K B Protein Extraction
Reagent i, FHEZE] 20-25°C 258 £V iR, SEEWCN 23ml. KR 2545 1ml /MR, -20°C
TRAT SR ABEMHI ) B: K 82 A B HIRIHEAT 2028, Tml AN, AN 70ud 2 H EFHIHIF], -20°C
TRA7. MRIAR, K a BRI R B methanol B 100 % /a0, Bl 70ul 8% (A BRI
+7ml HEE, ZIRGVERARN Bo 20 CORMF. FRE 2ml B0 (BUAFE) MR E. B4R

SRR

1)

2)

3)

4)

5)

6)

7)

8)

9)

WEBERE: (R ES 10-250mg FEIAE fh E R AR .

K RE SRS 2 2ml VR (BB 0D H-20°CHRAE, FFLBIEET 0% 3, LAl
J5T B A o

TN 1.5ml FF 5 R 3 (I BEA7) B, vortex 15-30s, JEAWIFE-20'CHEAL 5 405k, If
[ &P vortex. (-20°CAREEEE, w] LAORIIEER 5 T Je A PH 38 25 = 42D
{EES0>77 1600059, 4°C R ESL 5 404l W EFE LiEW, NERZHTTE.

FEDIE 3-4 Pk CRIREMPAL (200-250mg) B8 2H 2432 47 8 e B T A i
TR, BRI 3-4 HEU0,

BJE—IRFE R EIEWUE, BRSO, AU IR AT A, BEEE N LR A%
s

N 1.5ml Fiv ) (-20°C) Al acetone ¥, vortex 15-30s, JREGWIE-20'CHFAL 5
VAR

FERS 077 16000>g. 4°C R0 5 708l WEEFE BIHW, AEBTE. CRETER
YL (200-250mg) B h &G B I BER IR AL IR, RS PIR 78 —
%9

VUUEAE MR N % 5-10 708, ZERIRAFHI DI .

10) THRJGRORERD, MELOAE — AR, JFRB 0 e E, HEEMAS R,
11) f£45 mg FWAZITIIN 4l B A RSEHGH Ao IR EDEABLRE T L 15 24, 1]

6



B AT CATAT &M PR vortexing BRIERIIOHERE . CHELE FRIEHIFE 15°C-30°C, &N IR ZFBR
R 2 DD
12) 7EE0>7716000Xg (15°C-30°C) &0 30 208, FIHEMREN N AR .

(2) EERER

S5 K A Bradford v e 2 IR FE o 32 R B AR I 1 o 05 ekl 5 B A 4 S I B
Ak 25 Dy R WA AR BRSNS B AL, BOAOUIIRAE 488nm; B SEARS & FEANE G,
HERSORGGWAE 595nm B NI HOGRIIE 5 E A RSB RIE, Kt
AT AR E S E .

ARSI HF Protein Quantification Kit-Rapid  (51254) #HTHEHANIER. & 4eH/K¥ BSA
BOA A AE S dmgiml I K B ORE BC 2mgiml, AR JE LR [F I &, M ORE R0 R IR BE
0.05,0.08,0.1,0.15,0.18,0.25,0.35,0.4,0.5 mg/ml. 7E 96 FLAR 43 AN 6pl (LR K. Hik
FEHT BSA FRifE st FIARIIAE S, A=A 14T, SRR 20 750 i N 300ud B t5.7% CBB
Solution, JAKFREPRIEA] 1 708, ZBRSIEEINEEFR, W 595nm KR IR IsdE,
1 OD 75« % & BSA 2R FI ARV i (A9 5 5 OD 1R ], 418 2-3 s, AHSE AR B (R®=0.9999),
FIF Z B3 21 (1 7772 y = 0.6648x - 0.0068, SR+ SLAFIIFHFE i (18 (IR EE . b7 25& 40
FE W LG FEIZE 0.05~0.4mg/ml HEE, PRI RE b B R BE RGN, 7 B 56 M RE Ja T R4 T
JE o

0.3

' y = 0.6648x - 0.0068 /
0.2

53 ' R? = 0.9999 /
5!& 0.2 /
E 0.1
0.0 !
0 0.1 0.2 0.3 0.4 0.5

EBRE (mg/ml)

K 2-3 WAREZSBOCEZZ IR RE



(3) EBERHRID
A S F ] iTRAQ® Reagent - 8PLEX One Assay Kit (4381662) #4721 5ikric. Pb ik

434 0, 0.05, 0.6, 2 F1 6mg/L TN BIFMERE 95N 1,2,3,45. B NHSER

=R, =R NEAE A, BRI Co BEAMFE AL 40ug B, RIEE EH S BN 40pug X 15=600ug,
o =T 1L5ml EOE Y, fE NS EFE, 188 RL, R2 f R3. — 344531 18 AMFE i, A iTRAQ

BEATRGL ARG, & 6 MERG N A, it =4, BARME Bk 2-2 fos.

* 2-2 iTRAQ FN H=FriCkEE B ER

4l

it

=4

[EA 113 114 115 116 117 118
PR s 1A 2A 3A 4A 5A R1
LA 115 116 117 119 121 118
PR s 1B 2B 3B 4B 5B R2
[Ffr 2% 115 116 117 119 121 118
FE St S 1C 2C 3C 4C 5C R3

FERFRCRAED T

1)

2)
3)

4)

5)

6)

7)

HEERF 200 pg HEBERE T EOE S . iITRAQ®FRICIA— XA LARid 100pg
HH, 200pg HENARICRIRIE A&, —RPEREME 200pg & E H R T 3T S5
A .

B0\ 4 ul Reducing Reagent, 37 FEJ R 1 /M o

B 2 ul Cysteine-Blocking Reagent, =7 10 43#t.

W30 SR e AL J5 1) SR UM N 10K IR JE R vh, 12,000 %% 8.0 20 708, FrEdsicse
B RV -

N ITRAQ®R 74 H 1 Dissolution Buffer 100 pul, 12,000 % B5.0» 20 4340, ZEHali4E
BRI, EE 3 O EGR, XA 0 LK Dissolution Buffer H/K#i%E 1 %5 )5
D,

FHET AR, fEEIEE PN AR, SR 244 pg (5 E AR 1:50-100),
PRFR 50 ul, 37 FEICEE RNV

CH, 12,000 4% 550 20 3%, BRARTH A0S K BB 25 0 T UER B IGET

8



8) fFEHBIEE PN 50 pl Dissolution Buffer, 12,000 ¥ kB0 20 735k, 5 BB 4&5F,
WA B IS E A 2 100wl BEAR 5 HORE & o

9)  MUKFEPEUE iITRAQAT, “THGHI%IE, ¥ ITRAQURAZE LEHIK.

10) AR ITRAQUIAFIHININ 150 pl HHLAN F AR, WIERY, HOEEIK.

11) HU 50 pl £ (100 pg BEME=90) HRE BN ELE .

12) K iTRAQUAFMIBINBIRE S b, JRIEIRY, BOEEIK, =R 2 /M.

13) A 100 pl K2 1E 2 M .

14) N T RIFR IR foE AR TE, A 4 ARE S S EUE Wil VRS, A Ziptip R R
T MALDI %5E, BiiAFRIC R B RLAT

15) REMRICEIIRES,, IRIERY, SO,

16) HEAWHE O TR, T 5 AR R R AR .

(4) LC-MS/MS 53#7

il ) K B Easy-NanoLC B4 sl i R, ARG & 0F: Jahid A,
0.1% IR/, Wiz B, 0.1% IR OHEEH, Vet 0~70 min, WzhHESIH 2% B
LEMETEE 40% B; 70-75min, EhAHELGIH 40% B £ THE 95% B 4EHF 95%B5 min, i)
FHIACE A 300 ni/min. SRR HS (K958 02E 53 o 40 T4 LM 55 42 1t HEE N Orbitrap LTQ
velos Pro Ui A%, MMIZHIE 2.2 kV, & EHBHEERZ Y 300°C. Fik R 4134 (Mass
range, m/z 350~2000) 2% Ji it Hod 1 #1255 1% 496l A 5K (Data Dependent MS/MS Scan),
R YR X — 2R 5T s 8 DR JEE B SR ) 15 B8 EAT HCD  HR I 1% , VA — 1l Ak il 35%,
SR A R o 94 1) 3 A HERR T BE (dynamic exclusion), 15 & FERR IR A] A 30s.

(5) BB

PR R KE F PD2.1 4% Uniprot plant $dis FE AT R A . IR ABRRG ¢
R R (REZRVPH NN D, RVFIRER FiRZER 10 ppm, #8525 75 & i 2
N 0.1 Da. 4% ey B s iR BRI e R AL [ e 184, AT AR B v R IR B I A B i o 421
AT EERKBAERR FDR %/ T 1%.



= ZR5WR

3.1 SRHIHRIMESCIE S BORIREE 54

(1) RETEEFEHRIGIHER XN ERRE S

BT SIS B3R & A K& PO AN COsY, XEEB T 5 5 Pb B TIRRITIE, #m)E H
BRI R SE R . BT 2 R, B T PO COLS MK, HaE T TSR i SR ey
(3% 2-1), L ICP-AES J5E, € BHREEAMZ RS (R 3-1-1), W] H-THi i1k

i'\_‘Lo
% 3-1-1 BRI PR BT AN E AR PR E

B FRBARIZ (mg/L)

WK ICP-AES 5 < J&
0 0
0.05 0.0526.004
0.1 0.1140.002
0.2 0.1740.006
0.5 0.5320.02
0.6 0.6320.004
1 0.9746.003
2 1.9540.04
5 5.030.01
6 6.0920.04
8 8.2740.04
10 10.0426.03
15 15.3340.14

(2) TRE T FEPIBAIFENRE
M B EIPESE, SRAG T IESEAE R SR AT A MR, THE NIRRT RS AN A

Z RGR=100 (InWgInWq) /t, For We Al Wo VFFEAERE] t A1 0 BFUEEER . i) 1 IR RIAH

10



A KR BER A B (B 3-1-1). DL 6-8mg/L HEfi A, 54X Y=5.815X+15.631 it
BT L BOR PR E ECso 2y 5.9mg/L, RITE/KHTKEE D 5.9mg/L i, VI 4K 2 5] 500%
HREUE

F4h, M 3-1 AT, FEKEYR A 0.05ml/L A1 0.1mg/L I, T3 (MG B K R Eoxt
R ) 4.79%F1 3.5%, VLUK EZENA B T i A K. 0.1mg/L AHRIK V 287K 44 Ph ik FEE
BRARL, 13k B T V735 A KA JE P BREE s 7E L V 2Rk A4 PRAETRG 10 5 (K99 B T (B Pb R B 1mgl/L),
FEHEI AR AT, R I ARG R, ARX AR ER TG Ph B8 R 17%. X BBV

REWET 52 Pb ¥5 Y54 .

Relative growth rate(RGR)
o
1

o 005 01 02 06 1 2 6 8
Concentration Pb  (mg/L)

Bl 3-1-1 PR A AR R BRI 1A 1L

% 3-1-2 AR E AT RIS ARAR O A A AN i 3

il 1 2 3 4 5
YR (mg/L) 0 0.05 0.6 2 6
XA 10.5 11.0 9.3 7.6 5.2
ELES 0.0 -4.8 11.8 273 50.5

%% Pb WREEAY 5N 0, 0.05, 0.6, 2 fil 6mg/L FAH B TEM RIS, TG 8F
HR TR A AT LR A TR 9T o X AN Gy B VR BRI AR AR K SR R A L R 3-1-2
. P2 DL Po ¥R EE Omg/L Ayxt R4, 5 T e UM A K2 BRI oL, T
LA, 55404 P IRFES 0.05mo/L B, VRMEMAKIEARZ BIE], AR, AR T %

1



MR BEAEHREEN L B SR UUAIANEE AL SRR N AR AR IR, # R gn . 1X T
ANMEGIEFRRNE T RIG, WA RS E 3-1-2 s, S AEKREARLL, 56 -AE
IR R, WALz, = B DY ER T PR B b, S DY A s T
MR, AN A, BosHARKZR,

3-1-2 AFAHRREERTR 7 RGP KRGO

3.2 FEPHMFLTROMESHHEHE

FEARGT X ST (SRXRF) X 43T 2 i Fel s e R EOGIR X, THE IO X
W LT TH B R BEAT JC R AEAN [R] R T8 0 A o BRI T RO R [X PR £ 2 SRXRF A X 73 #r
R E B . £ XRF A, 5 n ANTTE M) kg B2k 55 n+l JuE M kSRR S T, Fit
LA XA TP U R, RO E S TR AR e R AR . ] 3-2-1 S A
PRI R 605 SRXRF LG A . MZ Bl DUE H, #iE EEE Ko Cav Mn. Zn 1 Pb,
ATRE S DRI Feo BIMAL G RN 2 B E IS TR BN . BT Mg X Fey, 2R S
TP, TR Feys iR IEMRNSS, HORIE Fe JLRIVEOGHRIX . H1T Pb S EARN &, I 74
2 408 2I1E L, (LsMs)+ Lp(LaMa)s Ly (LsMp)y Loy (LMo FHirb Py IR BLR S50
Znyg PEETHE, HORTE Zn TTRIEOGER X I3 3 & T0 R HBORIX PR R : K 3180~3460eV,
Ca 3540~3840 €V, Mn 5750~6050 eV, PbL;1245~1278€V.

VP I P 3 ) 0 3 A X 4 A AT R % 0 3R LE VR R T R A AR R . B
SRXRF X 73 Hr 7 PSS IR 70 A G DL, 735 9 8 3-2-2 1) B3 A ] 3-2-3 [
MHEME (BEFID . BRI LA H, Pb EEAEZMEAI A%k, HRMARSE H747 s Ak LA K ]

12



KR, KSR A R TR As A RHE AR, As S BLI IR i
i, B As EETHAOMIBKAI R I BT, HEAE S & RS SRR 2Y. Mn JE 20 P 7¢
2 FUAT B UHIMG A AR, 315 ELRH MO S5 Min A1 Pb T 35 5 40 16 R A ),
PO P AN M SR8 T 762 IR ACR 405 ], R SR A 1
ATAE S . 3 BRI Z Pb, S T Pb JEARBSIIR] Mn 24 28 TE IR, K B
AR, FERIFIRIE R T A I B AT £, (K AR AR A S E . K
REMFE N BARETEE, DB PARSAEETHIIE, SEibea . . Jemifeu
REERAH. M K TEEREN, 02 Rhg R, BRI i, &
P TR T B — SR ERCE, K TR AR, IR ITREC R K, AEIRE K AR
AT T SIEST. Ca AR LA RTE R, Heke T BUBETE 5405 Sk .
VPR Ca RBLE SURAEM o R BRI . X S HOE IR 3k Ca H 4 A
AF.
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3.3 PR ARPEI D HHE

R T HIEFE P 75 V735 20 R 1) 40 A 1 4l S P s 4l B R4, JF & T Pb iR 437310 0, 0.05,
0.6, 2 il 6mg/L FoANZH 437 3 (10325 319 FEL - S A A0 W o P B BR e Cauhl) B 5 V2 e A8 L35 Bl 1y 4
Mgttty 43T W52 Pb XA AL SR Rom, Wb 3-3-10 A FHHRIR Y (0 1) 28 i Bl B 5725,
BN A ANELTE BT, H ] DOV SR E TR P fEAN AL UTAR A B, & 3-3-2. &5 BRI
M RE R B X I (EDS) A LAERXH R4 i g, FFIEaH T, LUESE Pb ok
FEAM AT, N 3-3-3.

I3 S P T AR R AN R R R BERE IR I, L IR A S5 A 7 3 U R I AR
(] 3-3-1). BHEAEHREERIIN, Wabp b ie bR R A/ NERECE N, JE R R AR, Bk
CERIEBTAL N . 16 P IRy 6mg/L A5, HEMETAR RIETE, VEkRG KB Z, T
RERIRENE, RN TR, RBE L EH A BRI B FAREEA Y, a4k
MR, MIOCEMERR . ERIREHPNA N, PRS2 24045, i 6mgl/L 45
T, R KA.

MBI G S BRI (B 3-3-2), HTEVEIE IR AL £ EAE AN (] PR 40 B AR
o SRS FER  T R I, BT PYMIGHREE Ph 4443 (0, 0.05, 0.6 A1 2mg/L) HIHLEE
P AL 5 BB 1 R OO, X UMK EE P XA S m AR /N . E s iR BE A 43
emg/L T, MEFIBEOGI, i EDS feil i, KIZE AP EE (8 3-3-3 (e fMd),
T 2 S B AR BE I BOR AN AT (B 3-3-3 (e)). BIT, FSE T EAAE IR . AR 3-3-2
HIE 3-3-3 AT LLFE H, 6mg/L Pb JiE ~, Pb = 2ETARAESH U BEFI A0 MBI B, —3B gt N T30
R, R LE B AN A OB o SR UL, VERRANA AT N Ph LR —ANBRRE, RS Pb fE4H AT 41,
MR T B SR A A5 005 3 AN LI B S e 1 V38 A R B 0 N 4 i ) e
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Bl 3-3-1 AR L TR 2 iR 5 F A2 Al

P 3-3-2 S riEE N LS BN AEVE PR A M T I TAR (6mgl/L BYREZAE 1)
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ull Scale 318 cts Cursor. 0.

Kl 3-3-3 S B LR, (2) A1 (b) BIRGAMEEEE DN (o M (D), (o) AZEALKIREIEE.

3.4 $RME T EENLEBREARAFERR

OB A B4 B M U R 2 N SR E B AR 22 5, RN 3 e AE AN A A
A N EA AP ZERA Y, WA —E AP R AR . AT iTRAQ
A7 2= bR ic AR T e LU R 1 B A 253 Br s (RIS IBC R VBORE 8 J BS R, OAh 17 B0 B IR 4
SR, R EFUEKYE . AR 7o AN AR ST TR R RN, AT IRAT AL BRI 25 5E 2 AR
e TSN T HEAR 2 .

4w P iE T Y B LU BCR B AL AT T A NG E R MRS TR E R EE
R ELEL, NG T E R X 2 e R E IR . BRI, AWFFURE T AN ANE Ph IREREE 0,
0.05, 0.6, 2 fl 6mg/L, FF/EILEKEARASHIL, LIRS P AR RN 52 MEAH DG & A
Jii.

N T IREEAE MR TSR, RHRERIT R T IR A E R S, SRR R
F sk, HH8E H BiRIA R Abundance =R HIAE 7 B8 CV%iRZE /N T 20% 08, T AGtit.

PAMH RIS RBAR AT 1.20 BT 0.83 1N ZEREA ML
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AR LA TP Z R A E AL, WK 3-4-1, K 3-4-2, K343, K 34471
*® 345, L S0 HRAX L, RUIMEEIRERN S, THERAEANNMOREEEZ, FRE
BN (R 3-4-1) . Sx AL, DU FRRIANEA AT 1044 (%
BRESEMD, X 104 MEATIZBIIRE (R 3-4-6). AEMIERISRE (% 3-4-8) FIL4HAEE
L (R 3-4-7) 432Rguit, R LR EEAMFEIIGENE 7454 (on binding) 2515 1R
(414 B FZAEYE RIS KRR (20 AN AHRARHIERE (20 4. #1319
A EEIER (17 A MK GRS (16 AS); B E RIS A F ZEAE 14 (48
AN e BTG IS R R R E 1 R R AE LA P Bl id ) — AN S L

SRR L, YA a2 43 35 B3 HIRRIA M E BTAE AN, A E R T gk
ARt S ALY (Peroxiredoxin Q, chloroplastic) LKA FIF Fi & dh (iR 25 19 (30S
ribosomal protein S8, plastid). %A fk Y Peroxiredoxin & —FihREE L AL VIBE, AEs iR
AR, FEAE RIS AL R SRR % % B B P 2T, R (A Cd 5 48 K. Harosoy
i EIRRIE T 1.96 5P, Wbtk iR R A AZRE RO Sy, A S5 DNA B A1k
BN SRR RSN D RE, RN R A A A B KRB . HATRTE T
Wi [ 30S ribosomal protein S8 iR IEIE A WIRIE . ifFRIENIE A Peroxiredoxin Q
A1 30S ribosomal protein S8 43 Al i i/ N A S G R 2 5 DNA B S, $EFH AT Pb 197 52
P

FAN, BATRTIATEF MR IR B T — R 4545 28 Luminal-binding protein,iZ & (H F 75 1Y/
B aH 7 th FRIE R AR AL 1.00 £, 1.08 5. 1.24 fA 1.23 £, ZEAEM TN
JE R e, AT IEAS IR TR B, E3 & R 5T 0 iR AR ke 3 B E P %R
F17E 100pM Cd il FIOFE AR _ERFIE T 2 4550, 18 zn s S 54 o 778 iR #as
B3, Solovyov 1 GilbertPA Y A E AW LLET Zn (076 ROREE, AT AR5 R4 5 52 B 4 & (1
BT . 1MMET, Luminal-binding protein ZEFHE T EIRIES, INERIRESHTE A5G, ATRENK
/DT EER AR R A
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http://baike.baidu.com/item/%E8%9B%8B%E7%99%BD%E8%B4%A8

K 3-4-1 AFEREEHPRE TR 2 R RIL R A g

Horxfte MEREEB N FiEREEA N AL
0.05mg/L vs Omg/L 1 18 19
0.6mg/L vs Omg/L 7 44 51
2mg/L vs Omg/L 20 27 47
6mg/L vs Omg/L 21 65 86

% 3-4-2 Pb ¥ & 0.05mg/L Wl FEME R FRIEES

0.05mg/L vs Omg/L

Accession Protein Name
Mean CV%

Q41739 0.82 14.93 Thiamine thiazole synthase 2, chloroplastic

Q9MB35 1.20 15.79 Peroxiredoxin Q, chloroplastic (Fragment)

Q6QPJ6 1.20 12.83 Peroxiredoxin Q, chloroplastic

A7M998 1.21 6.37 30S ribomal protein S8, plastid

P41372 1.22 12.20 Profilin-1

P80607 1.22 6.97 Alpha-1,4-glucan-protein synthase [UDP-forming]

P00308 1.22 18.50 C-phycocyanin-1 alpha chain

P00165 1.22 15.06 Cytochrome b6

P46488 1.23 17.79 Malate dehydrogenase, glyoxysomal

004130 1.24 17.50 D-3-phphoglycerate dehydrogenase 2, chloroplastic

Q9C8PO 1.25 10.89 Dihydrolipoyllysine-residue acetyltransferase component 5 of pyruvate dehydrogenase complex, chloroplastic

Q02924 1.27 6.50 Allophycocyanin beta chain

AOA330 1.30 16.72 Photystem Il D2 protein

P04353 1.35 4.51 Calmodulin

Q02180 1.35 19.13 C-phycoerythrin class 1 subunit beta

QIXF89 1.36 15.82 Chlorophyll a-b binding protein CP26, chloroplastic

Q02925 1.44 7.44 Phycobilisome 7.8 kDa linker polypeptide, allophycocyanin-associated, core

P00311 1.47 18.33 C-phycocyanin beta chain

QISRZ6 1.58 19.41 Cytolic isocitrate dehydrogenase [NADP]
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% 3-4-3 Pb ¥ 0.6mg/L Wl FEFMMZE R RIEAEHA

0.6mg/L vs Omg/L

Accession Protein Name
Mean CV%

Q41739 0.67 6.83 Thiamine thiazole synthase 2, chloroplastic

P00165 0.79 13.52 Cytochrome b6

AOA361 0.80 18.13 Photystem Il CP47 reaction center protein

P54773 0.81 6.45 Photystem Il 22 kDa protein, chloroplastic

QILY74 0.81 12.76 2-methyl-6-phytyl-1,4-hydroquinone methyltransferase, chloroplastic

B1VKG9 0.81 19.71 Photystem Il CP43 reaction center protein

P93306 0.82 16.65 NADH dehydrogenase [ubiquinone] iron-sulfur protein 2

Q9LZ23 1.21 6.46 ACT domain-containing protein ACR12

P51349 1.21 7.64 60 kDa chaperonin, chloroplastic

050008 1.21 12.23 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase 1

004130 1.21 11.23 D-3-phphoglycerate dehydrogenase 2, chloroplastic

P48495 1.21 17.73 Triephphate isomerase, cytolic

Q62014 1.21 4.99 Enoyl-[acyl-carrier-protein] reductase [NADH] 1, chloroplastic

024047 1.21 17.90 Malate dehydrogenase, cytoplasmic

Q43130 1.22 10.80 Enolase

Q05431 1.22 17.14 L-ascorbate peroxidase 1, cytolic

P49612 1.22 10.08 S-adenylmethionine synthase 1 (Fragment)

Q93vVC7 1.22 15.17 30S ribomal protein S1, chloroplastic

P51378 1.23 8.18 C-phycocyanin alpha chain

Q8LD27 1.23 9.22 Proteasome subunit beta type-6

P40782 1.23 14.18 Cyprin (Fragment)

P43643 1.23 14.02 Elongation factor 1-alpha

Q09G09 1.23 17.41 50S ribomal protein L14, chloroplastic

024030 1.23 12.85 Proteasome subunit alpha type-7

P29409 1.24 15.35 Phphoglycerate kinase, chloroplastic (Fragment)

P10933 1.24 16.89 Ferredoxin—-NADP reductase, leaf isozyme, chloroplastic

QIFLP6 1.25 16.50 Small ubiquitin-related modifier 2

Q39613 1.25 2.51 Peptidyl-proly| cis-trans isomerase

Q9suUI6 1.25 9.84 Photystem | reaction center subunit VI-2, chloroplastic

Q08080 1.25 6.34 Stromal 70 kDa heat shock-related protein, chloroplastic (Fragment)

P93014 1.25 11.63 308 ribomal protein S5, chloroplastic

Q9C8PO 1.25 12.01 Dihydrolipoyllysine-residue acetyltransferase component 5 of pyruvate dehydrogenase complex, chloroplastic

QO9FY3 1.26 17.05 50S ribomal protein L2, chloroplastic

Q9FJA6 1.26 10.18 408 ribomal protein S3-3

P07030 1.26 0.60 Plastocyanin, chloroplastic

QIM1X0 1.27 13.32 Ribome-recycling factor, chloroplastic

Q84P52 1.28 7.25 Gamma aminobutyrate transaminase 3, chloroplastic

P42643 1.30 15.06 14-3-3-like protein GF14 chi

Q2PMVO0 1.31 19.74 ATP synthase subunit beta, chloroplastic

022160 1.31 15.92 Thylakoid lumenal 15 kDa protein 1, chloroplastic

Q9MB35 1.34 16.93 Peroxiredoxin Q, chloroplastic (Fragment)

Q9XJ27 1.34 12.97 30S ribomal protein S9, chloroplastic

Q42699 1.35 15.44 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase

P41372 1.36 10.47 Profilin-1

Q6QPJ6 1.38 15.96 Peroxiredoxin Q, chloroplastic

QIXF89 1.39 8.31 Chlorophyll a-b binding protein CP26, chloroplastic

QILY66 1.40 17.53 508 ribomal protein L1, chloroplastic

P26302 1.46 17.63 Phphoribulokinase, chloroplastic

A7M998 1.49 5.25 30S ribomal protein S8, plastid

P27521 1.56 8.55 Chlorophyll a-b binding protein 4, chloroplastic

Q02925 1.76 6.84 Phycobilisome 7.8 kDa linker polypeptide, allophycocyanin-associated, core
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# 3-4-4 Pb WKJE 2mg/L il R YRR 2 R RIS H

2mg/L vs Omg/L

Accession Protein Name
Mean CV%

P54205 0.53 17.16 Ribule bisphphate carboxylase large chain

P00311 0.55 9.71 C-phycocyanin beta chain

P51378 0.60 10.29 C-phycocyanin alpha chain

P28556 0.62 10.15 Allophycocyanin beta chain

P00316 0.62 12.88 Allophycocyanin alpha chain

P00308 0.65 6.98 C-phycocyanin-1 alpha chain

P51349 0.66 6.01 60 kDa chaperonin, chloroplastic

P00165 0.67 14.22 Cytochrome b6

Q55247 0.67 3.97 Nitrogen regulatory protein P-Il

P51261 0.69 18.67 Allophycocyanin beta chain

B1VKG9 0.71 8.71 Photystem Il CP43 reaction center protein

Q02180 0.72 13.64 C-phycoerythrin class 1 subunit beta

Q02924 0.72 17.45 Allophycocyanin beta chain

P27288 0.74 15.37 R-phycocyanin alpha chain

AOA361 0.75 9.59 Photystem Il CP47 reaction center protein

Q940P8 0.77 15.84 T-complex protein 1 subunit beta

Q02179 0.78 8.90 C-phycoerythrin class 1 subunit alpha

Q7X999 0.80 1.30 Ribule bisphphate carboxylase/oxygenase activase 2, chloroplastic

P26527 0.81 14.33 ATP synthase subunit beta

Q02925 0.82 8.51 Phycobilisome 7.8 kDa linker polypeptide, allophycocyanin-associated, core

004130 1.20 6.04 D-3-phphoglycerate dehydrogenase 2, chloroplastic

050008 1.20 7.12 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase 1

P41372 1.21 6.33 Profilin-1

024030 1.21 10.36 Proteasome subunit alpha type-7

Q43130 1.21 11.75 Enolase

Q39613 1.22 6.10 Peptidyl-prolyl cis-trans isomerase

022518 1.22 11.64 40S ribomal protein SA

Q94BQ2 1.22 7.33 26S protease regulatory subunit 8 homolog B

Q1WIQ6 1.22 13.74 NADP-dependent glyceraldehyde-3-phphate dehydrogenase

P93819 1.23 4.96 Malate dehydrogenase, cytoplasmic 1

Q6QPJ6 1.23 12.76 Peroxiredoxin Q, chloroplastic

A7M998 1.24 8.26 308 ribomal protein S8, plastid

Q84P52 1.24 8.79 Gamma aminobutyrate transaminase 3, chloroplastic

P24067 1.24 8.04 Luminal-binding protein 2

Q42736 1.25 5.79 Pyruvate, phphate dikinase, chloroplastic

Q9sul6 1.26 8.28 Photystem | reaction center subunit VI-2, chloroplastic

P93000 1.28 14.24 Germin-like protein subfamily 2 member 3

Q96558 1.28 12.98 UDP-gluce 6-dehydrogenase 1

Q43299 1.29 6.87 Phphoenolpyruvate carboxylase

P40782 1.30 9.11 Cyprin (Fragment)

P80607 1.30 18.53 Alpha-1,4-glucan-protein synthase [UDP-forming]

Q7FAH2 1.32 4.88 Glyceraldehyde-3-phphate dehydrogenase 2, cytolic

Q9ZPS3 1.35 12.47 Glutamate decarboxylase 4

QO0J8A4 1.36 15.69 Glyceraldehyde-3-phphate dehydrogenase 1, cytolic

024047 1.36 5.24 Malate dehydrogenase, cytoplasmic

Q09054 1.37 15.39 Glyceraldehyde-3-phphate dehydrogenase 2, cytolic

P62736 1.39 11.82 Actin, aortic smooth muscle
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% 3-4-5 Pb ¥R JE 6mg/L Wil FIFMERERRIEEA

Accession

6mg/L vs Omg/L

Protein Name

Mean CV%
P27288 0.18 5.48 R-phycocyanin alpha chain
P51378 0.24 16.09 C-phycocyanin alpha chain
Q02924 0.30 18.96 Allophycocyanin beta chain
P26527 0.36 16.04 ATP synthase subunit beta
P00308 0.38 14.71 C-phycocyanin-1 alpha chain
Q02179 0.39 15.95 C-phycoerythrin class 1 subunit alpha
Q55247 0.42 8.59 Nitrogen regulatory protein P-Il
P62736 0.44 8.39 Actin, aortic smooth muscle
P28556 0.44 8.01 Allophycocyanin beta chain
013419 0.67 3.24 Actin
Q940P8 0.68 10.78 T-complex protein 1 subunit beta
P00165 0.73 9.59 Cytochrome b6
Q9SF16 0.75 12.74 T-complex protein 1 subunit eta
P54773 0.75 15.24 Photystem Il 22 kDa protein, chloroplastic
B1VKG9 0.75 14.14 Photystem Il CP43 reaction center protein
P49361 0.76 17.89 Glycine dehydrogenase (decarboxylating) A, mitochondrial
P37830 0.79 12.17 Gluce-6-phphate 1-dehydrogenase, cytoplasmic isoform
P52032 0.80 16.36 Phpholipid hydroperoxide glutathione peroxidase 1, chloroplastic
P46280 0.81 4.73 Elongation factor Tu, chloroplastic
A8W3D1 0.83 1.95 Cytochrome f
Q9SJB3 0.83 7.92 ATPase 5, plasma membrane-type
QI9SW96 1.21 15.94 Asparagine--tRNA ligase, cytoplasmic 1
P34795 1.21 2.84 Gluce-6-phphate isomerase, cytolic
Q43299 1.22 15.99 Phphoenolpyruvate carboxylase
P35493 1.22 11.19 2,3-bisphphoglycerate-independent phphoglycerate mutase
P08823 1.22 2.40 RuBisCO large subunit-binding protein subunit alpha, chloroplastic (Fragment)
QO09G09 1.23 7.18 50S ribomal protein L14, chloroplastic
QO9FY3 1.23 8.69 50S ribomal protein L2, chloroplastic
P24067 1.23 9.87 Luminal-binding protein 2
064459 1.23 17.88 UTP--gluce-1-phphate uridylyltransferase
QOWNZ5 1.23 18.27 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase 3, chloroplastic
P86387 1.24 11.85 Phpholipase D alpha 1
P49027 1.24 5.63 Guanine nucleotide-binding protein subunit beta-like protein A
C0z361 1.25 16.46 Chaperonin 60 subunit beta 3, chloroplastic
P42896 1.27 10.00 Enolase
Q8L940 1.27 6.32 Pyridoxal 5-phphate synthase subunit PDX1.3
P50346 1.28 8.83 60S acidic ribomal protein PO
P17783 1.28 13.33 Malate dehydrogenase, mitochondrial
Q9FPJ4 1.29 8.65 Ras-related protein RABD2b
P93000 1.29 3.58 Germin-like protein subfamily 2 member 3
Q8LD27 1.30 9.96 Proteasome subunit beta type-6
Q9TO070 1.30 2.20 Cytochrome c oxidase subunit 6a, mitochondrial
Q9SRZ6 1.31 9.06 Cytolic isocitrate dehydrogenase [NADP]
Q9MB35 1.31 14.33 Peroxiredoxin Q, chloroplastic (Fragment)
Q9C8PO 1.31 11.36 Dihydrolipoyllysine-residue acetyltransferase component 5 of pyruvate dehydrogenase complex, chloroplastic
QILUT2 1.32 4.16 S-adenylmethionine synthase 4
AOA337 1.32 14.29 30S ribomal protein S4, chloroplastic
Q05431 1.33 18.63 L-ascorbate peroxidase 1, cytolic
Q6Z014 1.33 10.79 Enoyl-[acyl-carrier-protein] reductase [NADH] 1, chloroplastic
Q43130 1.33 10.19 Enolase
P21240 1.33 7.24 Chaperonin 60 subunit beta 1, chloroplastic
P33444 1.35 17.04 40S ribomal protein S3a
023255 1.35 3.46 Adenylhomocysteinase 1
Q08080 1.35 5.51 Stromal 70 kDa heat shock-related protein, chloroplastic (Fragment)
P48502 1.36 12.67 Cytochrome b-c1 complex subunit 7
Q95H50 1.36 15.65 50S ribomal protein L16, chloroplastic
Q96558 1.37 18.41 UDP-gluce 6-dehydrogenase 1
Q7FAH2 1.38 7.45 Glyceraldehyde-3-phphate dehydrogenase 2, cytolic
P49299 1.38 17.18 Citrate synthase, glyoxysomal
P93819 1.38 17.47 Malate dehydrogenase, cytoplasmic 1
Q9SF40 1.39 15.78 60S ribomal protein L4-1
Q42699 1.39 15.03 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase
048549 1.40 6.02 40S ribomal protein S6-1
Q39043 1.41 15.38 Mediator of RNA polymerase Il transcription subunit 37f
P93014 1.42 13.81 30S ribomal protein S5, chloroplastic
QO0J8A4 1.44 8.73 Glyceraldehyde-3-phphate dehydrogenase 1, cytolic
QILY66 1.44 8.93 50S ribomal protein L1, chloroplastic
Q94JX9 1.44 9.28 Nascent polypeptide-associated complex subunit alpha-like protein 2
024030 1.45 10.78 Proteasome subunit alpha type-7
Q39613 1.46 15.41 Peptidyl-prolyl cis-trans isomerase
Q6QPJ6 1.48 8.80 Peroxiredoxin Q, chloroplastic
024047 1.48 13.98 Malate dehydrogenase, cytoplasmic
Q9ZRX0 1.51 6.19 Translationally-controlled tumor protein homolog
P49612 1.53 16.92 S-adenylmethionine synthase 1 (Fragment)
A7M998 1.56 9.30 30S ribomal protein S8, plastid
Q9sIM4 1.57 12.53 60S ribomal protein L14-1
QILXG1 1.58 12.15 40S ribomal protein S9-1
P43643 1.69 17.53 Elongation factor 1-alpha
Q9ZPS3 1.71 18.48 Glutamate decarboxylase 4
Q84P52 1.74 6.42 Gamma aminobutyrate transaminase 3, chloroplastic
P12357 1.78 8.67 Photystem | reaction center subunit V, chloroplastic
P46299 1.80 17.10 408 ribomal protein S4
P93554 1.88 11.85 Nucleide diphphate kinase 1
Q9FFS8 1.88 15.28 40S ribomal protein S10-2
Q9M885 1.92 15.36 40S ribomal protein S7-2
Q41811 2.16 6.23 Histone H4.3
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*® 3-4-6 LURILE AR

Kt

ID Term Frequency (p-value)
GO0:0043167 ion binding 40 (0.05)
G0:0000166 nucleotide binding 6 (0.02)
G0:0003676 nucleic acid binding 0 (0.00)
G0:0016491 oxidoreductase activity 9 (0.00)
GO0:0005198 structural molecule activity 8 (0.02)
G0:0016740 transferase activity 6 (0.13)
GO0:0005515 protein binding 14 (0.06)
G0:0048037 cofactor binding 9 (0.00)
GO0:0016787 hydrolase activity 7 (0.53)
GO0:0046906 tetrapyrrole binding 6 (0.00)
G0:0016853 isomerase activity 5 (0.00)
G0:0016829 lyase activity 5 (0.03)
G0:0009055 electron carrier activity 4 (0.20)
G0:0008233 peptidase activity 3 (0.62)
G0:0016209 antioxidant activity 3 (0.00)
G0:0005215 transporter activity 2 (0.09)
G0:0001882 nucleoside binding 2 (0.31)
G0:0016597 amino acid binding 2 (0.00)
G0:0019842 vitamin binding 2 (0.26)
G0:0031409 pigment binding 2 (0.05)
G0:0043021 ribonucleoprotein complex binding 1 (0.00)
G0:0030234 enzyme regulator activity 1(0.19)
G0:0016874 ligase activity 1 (0.53)
G0:0045735 nutrient reservoir activity 1 (0.08)
G0:0004871 signal transducer activity 1(0.78)
unclassified 13 (0.03)

Total UniProtkKB ACCs in this JOB = 104
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R 3-4-7 LHRGRE AN E fL 2Rt

ID Term Frequency (p-value)
GO0:0009536  plastid 48 (0.01)
G0:0005737  cytoplasm 43 (0.09)
G0:0016020 membrane 40 (0.00)
G0:0009579  thylakoid 23 (0.07)
GO0:0005840  ribosome 19 (0.01)
G0:0055044  symplast 14 (0.08)
GO0:0005634 nucleus 13 (0.07)
G0:0015935  small ribosomal subunit 9 (0.02)
GO0:0005576 extracellular region 9 (0.02)
G0:0005618  cell wall 8 (0.01)
GO0:0030076 light-harvesting complex 7 (0.01)
G0:0005773  vacuole 7 (0.01)
GO0:0005739 mitochondrion 7 (0.00)
GO0:0005730  nucleolus 6 (0.09)
GO0:0009521 photosystem 5 (0.05)
GO0:0005844 polysome 4 (0.01)
GO0:0005783 endoplasmic reticulum 4 (0.03)
GO0:0042579  microbody 3(0.01)
G0:0043234 protein complex 3 (0.00)
G0:0000502 proteasome complex 3 (0.05)
GO0:0005794 Golgi apparatus 3 (0.06)
GO0:0005856 cytoskeleton 2 (0.00)
G0:0044464  cell part 2 (0.96)
GO0:0032991 macromolecular complex 2 (0.00)
G0:0030684 preribosome 1 (0.03)
GO0:0045277 respiratory chain complex 1 (0.00)
G0:0016469  proton-transporting two-se: 1 (0.18)
G0:0031982  vesicle 1 (0.03)
G0:0043232 intracellular non-membranc1 (0.00)
G0:0043230 extracellular organelle 1 (0.00)
G0:0031252  cell leading edge 1 (0.01)
GO0:0030175  filopodium 1 (0.01)
G0:0045275  respiratory chain complex 1 (0.00)
GO0:0000786 nucleosome 1 (0.00)
G0:0042995  cell projection 1 (0.01)
unclassified 5(0.01)

Total UniProtKB ACCs in this JOB = 104
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Term

Frequency (p-value)

GO:0050896
G0O:0006082
GO:0006412
GO:0015979
GO:0005975
GO:0051186
GO:0009117
GO0:0042254
G0O:0006091
GO:0065003
GO:0050789
G0O:0045333
GO:0006520
GO:0006464
GO0:0032501
G0O:0032502
GO:0006996
G0O:0044238
GO:0051704
GO:0055114
GO:0006457
GO:0006790
GO:0000003
GO:0008152
G0O:0065008
GO:0006396
G0O:0022900
GO:0006081
G0O:0006793
GO:0015031
GO:0006351
G0O:0006508
GO:0006730
GO:0002376
GO:0009057
GO:0009657
GO:0051641
G0O:0006725
GO0:0044255
G0O:0006119
GO:0007005
GO:0009225
G0O:0006807
GO:0009116
G0O:0006810
GO0:0022411
GO:0006766
GO0:0051276
GO:0016458
GO:0009059
G0O:0008150
GO0:0045229
GO:0006818
GO:0006811
GO:0016192
GO:0016049
GO:0016070
GO:0015931
G0:0043412
GO:0006936
GO0:0032989
G0O:0006629
GO:0005976
GO0:0046483
GO:0006259
GO0:0043170
G0O:0006281
GO:0008015
GO:0019748

response to stimulus

organic acid metabolic process
translation

photosynthesis

carbohydrate metabolic process
cofactor metabolic process
nucleotide metabolic process
ribosome biogenesis

generation of precursor metabolites and energy

macromolecular complex assembly
regulation of biological process
cellular respiration

cellular amino acid metabolic process
cellular protein modification process
multicellular organismal process
developmental process

organelle organization

primary metabolic process
multi-organism process
oxidation-reduction process

protein folding

sulfur compound metabolic process
reproduction

metabolic process

regulation of biological quality

RNA processing

electron transport chain

cellular aldehyde metabolic process
phosphorus metabolic process
protein transport

transcription, DNA-templated
proteolysis

one-carbon metabolic process
immune system process
macromolecule catabolic process
plastid organization

cellular localization

cellular aromatic compound metabolic process

cellular lipid metabolic process
oxidative phosphorylation
mitochondrion organization
nucleotide-sugar metabolic process
nitrogen compound metabolic process
nucleoside metabolic process
transport

cellular component disassembly
vitamin metabolic process
chromosome organization

gene silencing

macromolecule biosynthetic process
biological_process

external encapsulating structure organization

hydrogen transport

ion transport
vesicle-mediated transport
cell growth

RNA metabolic process

nucleobase-containing compound transport

macromolecule modification
muscle contraction

cellular component morphogenesis
lipid metabolic process
polysaccharide metabolic process
heterocycle metabolic process
DNA metabolic process
macromolecule metabolic process
DNA repair

blood circulation

secondary metabolic process
unclassified

20 (0.03)
20 (0.08)
19 (0.02)
17 (0.086)
16 (0.03)
16 (0.03)
14 (0.02)
12 (0.01)
12 (0.09)
10 (0.08)
10 (0.02)
10 (0.01)
9 (0.00)
9 (0.06)
9 (0.01)
8 (0.02)
8 (0.03)
7 (0.01)
7 (0.06)
6 (0.02)
6 (0.03)
6 (0.07)
5 (0.07)
5 (0.04)
5 (0.00)
5 (0.00)
4 (0.00)
4 (0.02)
4 (0.02)
3 (0.01)
3(0.41)
3 (0.00)
3 (0.01)
3 (0.00)
3 (0.00)
2 (0.06)
2 (0.11)
2 (0.67)
2 (0.38)
2 (0.67)
2 (0.01)
2 (0.08)
2 (0.69)
2 (0.08)
(0.34)
(0.00)
(0.63)
(0.33)
(0.05)
(0.86)
(0.02)
(0.30)
(0.26)
(0.92)
(0.30)
(0.05)
(0.96)
(0.01)
(0.49)
(0.03)
(0.36)
(0.24)
(0.36)
(0.66)
(0.95)
(0.06)
(0.98)
(0.02)
(0.00)
9 (0.01)

QG G O U O O G P G G G TG G G Y
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CAEYEER DX VR R A 5, 80 B P S a6 o0 T, R SE T VR AR KA 2 S R I
RER, WP EREBOINIRE; L FEPRRS X LIS S RIX . 41 B
SR AT AR AR AL 20T, BFAE TR A AL o RS I E R R

CDFRAG T IE A 17 P B 52 200 108 T 7 « 1 SIS B 3R & K& 1 PO,
1 COF, IXULBF 5 5 Ph B FIIRITHE, S0 AL A st . @it 2 R, b T
PO, > A1 COS™ IR EE, HiiE 1 I T SEG I E FRURIC 7, 8IS ICP-AES IISE, s Btk FE AN
SEMRPEAR Y, W] F T 52

(2) H5E 1 FFRE A BN, PR T PR REAE KBS YR BE 7). dld Ph
SELG, RIE/K Pb WREEN 0.05mlI/L A1 0.1mg/L i, P AIAER A KR EL o R ZH s 4.7%A0
3.5%, Yt MR BEAL A B T M A K 59 80, Wl 1V v Ph IR 800S0 B2 ECe0 24 5.9mg/L,
FEHIR K V 2Kk Ph FRAE (0.1 mg/L) (¥ 59 £i%, T MAS K E S Yt A TR g .

(3) WFAC T BRAE LR B P (M X AR AE . SRXRF 2047 & B, P 32 BEAETF MR - Fr il 2%
R IH A P 25 Ak DA S r e i ik e & 4 Min TG AN Pb oG R B WA U A4S AL, X5
CARERIE T Pb 5 Mn JTRFEF I MARAEA R Pb 2 HHHEIFFX Mn TR, 3
FAEY PR R, FHETEIREER P ARSI E] Mn 255 20 R IR, X MICERY
DX o35 (1 A FE AR 1 I RERE T 52 Ph.

(4) &7 TP RE R EALA] o T At R 20 A R B T v A = Al o 2 1 4 L B A 2
IR e, M BE N AT, D 1R AR T . PR A S TR, Y
JP BT, VS A S B S O 8 2 B R AR I, RV AR A BT . 534t
R T =R E Peroxiredoxin Q. 30S ribomal protein S8 #1 Luminal-binding protein 2 7E4L
YR E T R AEE HEAEH
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