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R — R E I AL AR A Y, KA
Y S ER I A e s, BAEEENASE
SCUPL — e ol REEEGERR T RENE, Chdkfkh
AR AERR O BEAR, EAL M A7 4R, Rl S 45 P LN
FH 24090, 2945 100000~10000000 A [ (1) 4
fir, Horb, B ATUGR B R 10000~12000F1),
T T A SO EE . Tk B A R R 00 A ) 2R
R, BRI A R R HEA R IRETE, A
J R ZNEI DAETE T )5 A sy Ak i v, A B
R BB & IR ZIE I AEAEST. Allen¥E AW
INH, REZETEH S5 A ZE A R 20 A %
e A B BRIl PR, PR, RS REE T EOCE
) W W5 R B 2 L

RIGEETAEYWEREEILHENEFRTE,
WE2EM RS FHENELAEITTRENSS, W

HE AR, MR & — M AR, AR ER 1
RESE AN MO, S 9 i I NADH- O 1 i 2 45 38
JE i (cytosolic NADH-dependent nitrate reductase,
NR)IAJFN A FRER ™1, SR iz BInt g A, ik
BL T WA S 00 A0 R AL IR AR Y I i TR R I i i
(cyanobacterium-like ferredoxin-dependent nitrite
reductase, Fd-NiR)ifJ5 ek G, SRS
Y, i (glutamine synthetase, GS) fll &% & MR & .
(glutamate synthase, GOGAT)PMEAE K2 IR 4k 4
SEmR A H A & A AP Hockin S5 AR &
FIBT2H 2 7 i R B, 0 AW R O R Rk 2 i B
(Thalassiosira pseudonana) e % & 4 1 F NR i
Fd-NiR % 25 [ T ], 1M IR & [ (urease) & & 2 JH 5,
ARGt D] 2 A 20 R A LA —— PR R A R A
[RIEF, % fife FN — ¥R R 1 21 (tricarboxylic acid cycle,
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TCATE I ) A OC Bl 1) b 98 A PR i 258 5 Hoc e Gl
AR TTRE. el L, BRI R A AR
Vi T e S e AR P 8 9 S R, AT R 9 3 Y T
HARBE AL B9 T 5LA.

= A8 5 % (Phaeodactylum tricornutum Bohlin)
JE—FOP SR, N4 C I FE". = M8
T8 P S S I W BT AN — 1 filk 0% iR (eicosapentaenoic
acid, EPA)FIA B 3, J& 8 2 Ay K 7= IR 21T
R — P AE AR W R TR A I b kL, BT LAk 2
() RF 5 e BE DG T IX — Py Fh 1) Allen® AP0V 3,
PRk Z 2 58— fMmTE AR AL . Osborne Al
Geider™ A hy, R PRI 5 = /48 15 B 40 A9 A1k 4
BURE DG, RS i 0 BEARAT 1T = fA 48 4 e 10 A s i
Mg S AR RN AR I PR A AR 2R, R 2L AR & i A 21% F%
2N 12%, ¥R FIBE s & B0 50 N 73% F16% 2 =
#79%FM8%*. Feit, Yang®E NP2 E B, 18 A MGk
JCEMERREI AT, = MAmfs i S mEn
FRL KR ke A AR b, BRI, HOBER A T = i
FRBENE BT AR WA

2 S FH WA 6313 5 3% B A (liquid - chromatog-
raphy-tandem mass spectrometry, LC-MS/MS)F1%{ 5
{1k ik ik (digital gene expression analysis, DGE) 4%
ST TR E R A S T = e B O AL i
SRR, BIR T =AM EEAE B S AR
BAR AL, RIBTA R, TERBEZ AT =M
FREERDOCAER TR, Te B B3, Mimisar 73
P XSGR T2 T EATTEN T
ESLAE AN

1 MRSk

(1) WS8R E. = MHETE % (Phaeod-
actylum tricornutum Bohlin) A A% 5256 25 {377 W) BEFl,
FFH£218 K 15 3R AT TR 5 52 2, S HRSR E Ry 24
umol photons m™> s, JEHE W H12 h/12 hOG IR/
W), HiFRARIR L 8 (20x1)°C. }E9R8 d, K F3hiE
JH3YK. 4000 g=5.0>5 minli£E.

FH TR AN T K POV S e B 1 B A, B AE
1E ‘# (Normal) 1 76 20 (N7) B JC T £/2 N\ T3 7K 35 7 4k
o, KZEEE 3248 h(N 48 h)FTLEI(N™ 1 week). 4000 g
05 minlfiUE . AR, —80 CAH A+ 1.

(i) #pitEcsARKNE. BFH1 O IER
(Normal) FIl TG 20 (N7 35 97 04 4 i 147 40 e i t-%5, 90

FEMOGEE. FIFOG: 0 545 (Leica DM2500, & [E)F1
M ER T EONR SEAT A0 M5, R R4 -TT LA3 e
H(UV-1800, &, H )W E B8 WOL R (K
730 nm), %l W' BE RN AL E 0 AR I 22 R 40 e
GRS

(i) Seh RIS, ARBEIRAE T
. % B8 Thayer #1 Bjorkman'®"! )2 Enriquez 25 A\ P8 i1 57
e, JERSAEE M. K —80 °C i A7 1Y 41 it = 17 7 HP i
PR 1, vy, ATJLIR, UK 30 min, 3000 g0
5 min(4°C), WA B3, AUUED A 46, HE M2
W, A L. BiEWH0.22 umiE g, Brfa
BRAE B AGRRAS 1 7.

FIABE A Co S AHA: (4.6 mmx250 mm)FY & &
WA (I R S (Agilent 1200, EE)FEATO R, 7
HHAIEACK) . B(F ) . C(ZHE)FID(L R L),
J#H: 0~15 min, I (15%A, 30%B, 55%C, 0%D)3| 1l
(0%A, 15%B, 85%C, 0%D)Z& S ; 15~17 min, 1l
BT (15%A, 15%B, 35%C, 35%D)&PEREE: 17~40 min,
MEIV(0%A, 30%B, 0%C, T0%D)ZEMEREE. FEil N
50°C, #ii#0.75 mL min', 443 nmil (0 K. G E
SRR i 5 2 R4 R ol [ 36 [ Sigma-Aldrich
8 E)L 0 A R e R € 2R R o ) DA TR AR, 22 ] 0 T
TS MR BE By bn o it . R b o it 4t 8 S S i
i A SRR T

(iv) MR, e E 06 & 442 B
Lin%E NPV ik, JEm s e, A TR) 4b B 4 20 it i
£ J75 (4000 g, 20°C, 5 min), JHImaging PAM(Heinz
Walz GmbH, 7&E)FHITIE. 5 Se7EmE 4b i 1 15
min, RJ5 1 FImaging PAMAR {48 il h 2% 52 6L,
H il 65 i 2. B SE b 33417

(V) BrfeRikikatr.  SRNAMTRIzoli
& (Gibco BRL, )&, $-IOTT kA% M) & iU
P Ar. RIS AL RNAMDGESCF Y H 7. 5 E
de LorgerilZs APY )5k, MRNAZEL I A Bk ik 34,
A ILcDNAR S — %5 — 2% 55, cDNAM |- SolexadZ 3k,
HEAT PCRY™ B8 Al /7. 1 3 22355 #E #4 4 Hiseq
Cluster Generation Kit(Illumina, 3%[E)#l1Hiseq 20003
JF o B (Ilumina, 32 [F), £ ZAYAE & lumina Hiseq
2000(3& [E)#11llumina Fluidics Systems &2 5%.

I 77 %4 5 IDI(http://genome.jgi.doe.gov/Phatr2/
Phatr2.download.ftp.html) H ] Phaeodactylum tricor-
nutum W) Annotation H' f%) Filtered Models(“best”) H
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Transcripts 15 8 HXF. XF 45 b1 S8 1153 A Fl b v
1k (RPKM(reads per kilobase of exon model per million
mapped reads)$ 7%, F FHIDE6FK {4 i 1725 5 3 [H
K|, 3 FGene OntologyfIKEGG(Kyoto encyclope-
dia of genes and genomes) #4171 FE.

(Vi) HEESRE  —80°C i 77 i 3 480 A BIF 6k v,
i 1%~15%(w/w) PVPP(polyvinyl-polypyrrolidone),
50% (w/w) A SRb, IR AT, Bk AR, A
U (5% (w/v) SDS(sodium dodecyl sulfate), 10%(v/v)
H, 5%0vw) B-Fit L EE, 1%(v/v) 8 H B 65
(complete protease inhibitor cocktail), 65 mmol L™
Tris-HCI, pH 6.8)#%%), 4°CHCE 1 h, S a+#E3hJLIK.
8000 gi5.0>30 min(4°C), EHAMMUTIE, LiFMA4
fEARFL10% (w/v) =4 £ R (trichloroacetic acid, TCA)
F BRI, EWUTEE. 8000 gBS.0>30 min(4C), %
i L3, UUUE 1009 P9 BG4 31k, I 80% AT Bl 1 ¥
1R, 23S FHRUTTE@C), -80°CHkfi# 1.

(Vi) LC-MS/MSHE [ % FldE AR A E 5. 42
I 2 T 83 % B8 Zhang % NP 05 L b AT . =8
ST EERTHMAS mol LR Z (125 mmol L™
IR A%, pH 8), 90 CHf#20 min, FRJ5 M HAL E VK
. ZWEBradford ™' ik AT 1 E R

B H PR 25 W A 8 95 BB 8% (dithiothreitol,
DTT) (1 mol L™' DTT, #%f#F 125 mmol L5 ik & 4%
i), AHEH10 mmol L™, 37°C/KIA1 hik JH4E 1 —
Tk, AL B 0.5 mol L'l £ WERE, it
T125 mmol LBk E 4% ), & HE }50 mmol L™,
i Ab ik B 30 min, AR e AL B R R R R 2
1 mol L', % M8 8 [« JBE b (910 12 30(w/w) Fs I g 2
Il (Promega, 35 [H), 37°C/KIA12 hikA7 B S .
T B R 28 0k SO0 (PR 24V 1 %), 12000 g, 250>
15 min(4°C), E4570 uLor%e LI, BRI,

iR I 5 (6520b QTOF, Agilent, 2£H), ¥ I
A Tl e A BB PR o A R R VROA €6 33% R 48 H (Agilent
1200 HPLC system, 2£#(2.1 mmx150 mm ) #H 4%,
Zorbax SB-C18, £[H), i 60 uL. 2 RRPER IR
SNAIA0.1% R i #E 24 7K ) FITB(0.1% F R 1 2 ) S
M Blonder 25 A BY 0y J7 8. KA E K 0~5 min,
3%B; 5~120 min, 3%~50%BZ 6 ; 120~150 min,
95%B. Jii# ~0.2 mL min”', #:EA#IF2x107 bar.
Z JIKE A S 5 51T B 1k, MBS R 3.5 kV,
TR AR B A 350°C.
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(vill) &% %08 4> M. A F MassHunter soft-
ware(JR 4B03.01, Agilent, 3 [E)ZRBCEHE, Frf M
MS-MS & % i# i Spectrum Mill MS Proteomics
Workbench %% 4 (Jit 4~ A.03.03, Agilent, 3% [E)A4b 3,
JEHMREAE, iRt E. ISR E R
NCBI diatom%(#f& /% (20134E4 H 30 H 503r), 1% IREH
oy KF 151498, NCBUF B 5 #4 4L 4 UniProt/7 %,
IR H .

(ix) B4 #r. JE % 4 (9-(diethyl ami-
no)benzo[a]phenoxazin-5(5H)-one, Nile red)4e{n 2 if
Liv AP . di s B 8] Ix10°40 8 mL™, $%
18985 LI N5 pL Nile red? ¥ (0.1 mg mL ™' Pl
WWOIRE, WiAb [ N7 min, FH2¢%4 66 E 1T
(HITACHI F-4500, HZ)7E480 nm ik, & HHLH
K H570 nm. G IAE OGO T, HBOGHIERE
X C AU =S e}

A 2¢ (4,4-difluro-1,3,5,7-tetramethyl-4-bora-
3a,4adiaza-s-indacene, BODIPY) %t %, 2 i Cooper &5
A PO vE . AR BE R Ix10°40 i mL™", %8990
UL N0 L BODIPY A # (0.5 mg mL™" — FI L)
W (dimethyl sulfoxide, DMSO)AW)IE A, WAk 5 7
min, F965 606 TFHITACHI F-4500, HAN)7E
488 nm MK, KSEWERK 510 nm. G @40 TR
WOETOR TS, HPOCHE R A B AU WA I .

2 4t

21 BRSEFESFTF EmBfsltkdE. o

# PO B SRR

I8 MR A T B35 0 = f 48 A A Kl
LUNE 1) Fr . LR B R 146.5(10° 418 mL™).
3248 hA UG, 15 5555 A0 40 M 4 274.42(10°
A mL™)AI871.62(10° 40 mL™), iMiBkAE K F= 1Y
20 e B oM 229.13(10* 41T Al mL™") F1410.37(10* 41 g
mL™). R =MW IR ARSI 4K, H
JE A G

FEE R G Ra G B ME 1(b)FIR. ERE
FEMT, AWEEMN G Ralf& 5 N11.88+
0.327129.69+1.47(107 ng ZHff1~"). HLA48 hf5, 2Fh
O E SR R FES7.1420.708116.47+ 1.56(107°
ng MY BLR1EE, FREF]5.43+0.155112.49+
0.26(10” ng 4ifL"). MRERERGRMKS T, B
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B1 A&~ nii?%m#FT*ﬁl%%Jf‘éE‘.’éﬂ’Jttt’m ORIOCESH. ) @
MU EE; (b) AFERERMMEER a F5; () HEHSE Normal: 1E#H
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F/Fy: PS IEAER O 774k v(11): PS 1T SEpRlt 17 i

Figure 1 Cell density, pigment contents, and photosynthesis data of P.
tricornutum under different culture conditions. (a) Cell density; (b) fu-
coxanthin and chlorophyll a contents; (c) photosynthesis data. Normal:
normal cultured P. tricornutum; N: nitrogen-starved cultured P. tricor-
nutum; N 48 h: 48 h nitrogen-starved cultured P. tricornutum; N™ 1 w:
one week nitrogen-starved cultured P. tricornutum; F/F,: maximum
quantum yield of PSII; Y(II): effective PSII quantum yield

a’%)%z,%un,\ A, I H s B R ] AR 4k

Fe RGPS )P i T 7= o (YT ) M 7 e
K& TP (F/F,)ME ()R, IEH R F: 0 = M 18
F§EF /F 8 470.226+0.008, 48 h/% 18 G & A #iZ (4
T F& 5 0.049£0.006 F10.010+0.009. 1F % 55 3% A9 = A
e YT )E H0.186+0.006, % 35 550 T HO.
2N SEN TR, AR TR MEARK
SR, QIR SCITR, A RBOEE R AE K EURA
TR, 5CERBEEMN T R BN,

2.2 BRESRIE T = fR B TR

FIr A B9 7152 B (reads) B2 4% ZNCBI sequence
read archive(SRA)(accession number SRP035546). IF
WESE . BRE48 hATLE B = ff 4 T8 AR b P EE XS b
Hreads® 4 7] 8448103, 9802782F111131845. 754k,
245 DL FIACR B HAT AR Y2 B SO S 2 25
B S A48 hﬂ@ﬁnnﬁmﬂﬁ\%%%ﬁ%lﬂ,
SR RS AT 3074 2 5 Rk . K a9
i o B AT A S B AU mRN A, 40 5 1R I ik 42
j'ﬁ/*lﬁf)%ﬁﬁqjﬁ’a TEER A AP B AR

FRAE 2R, KEGGﬁﬂ‘f BRI, VE R R

BEE

(]
6-BF & R 18

1,6-Z B B8 R ¥
[ |
3-%% BB H B

1,3-Z B B H b &’

ES FITIRRB
m X v
& 88 R B i % — &
=
BRI R €—R BB -CoA

B 2 RREEEFRFEET = MB IR Rk 7. BIorEk—
AFE TR, AFEATARRM L A AR AR, R AT AR BV AR IR
FIF TR SORT B, HEITRAE TR

Figure 2 A comparison of changes in transcript levels of normal cul-
tured and nitrogen-starved P. tricornutum. Each box represents an iso-
form, and multiple rows show that there is more than one enzyme de-
tected responsible for the step. Gray boxes show that transcript increased
in nitrogen-starved P. tricornutum, white boxes show a decreased tran-
script level
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FF I 7 R SIE K A S 4 T A mRINA R Jiin. 22 & i g
AR HTFIH, TRIAEAH SC A mRNARE AN, {BL-F- 40 i 78
BEAE SRS o3 G, i LA 2 5 4eohr Ak 4
ZME T I FEIRGE AF R B L FIDNAS BUASE %

A VRO I % oK, WDl RER
FI (4 Lhcal)FPS 11 2 1 (41Psb M)& ] TR J5 X |
Tt 4iiE 6 Eb6/fE G RE — 45 (Pet ORI RS
BTE SR AN BT A M A B 1 1 DGE 4,
K5 @RS RIS R PO e 45 RA—2, Hik
it 2 AR K — i

2.3 BRSNS E M B e

LC-MS/MS 41 % 5 1 1043 LA L= 19 BH 44 28 11999
A 1550 RLERY 3744, Horp, fESRA AN A 80
¥, 109"~ . 7EUniProt (http://www.uniprot.org/)®
i REHIIRE, I T IUA RIS (EI3). i E 3T
DLEWM, ARAIBMERREIEA HHENEA
(predicted proteins), TEEUHEEHIA R, Hi&EA
Sl AW, N e (I AW I S S |
45078 T AR O Y 2 A R Ak,

o B -RIN-TIRETACP

=P F/RUABA
=B ORHEBER
= tEEzR

- ZREBEN
B =5i=10%

(1) Hommityl. XEdmERrREAEAD,
W T f AH G B B 0 R, B M R TT 2SI
(cytosolic class II aldolase, UniProt4i5B7G4R3), fifi
W3- R H I 1 I & 8 (cytosolic  glyceraldehyde-3-
phosphate dehydrogenase, QOM7R3) Ik IR H 1 FR 15k I
(phosphoglycerate kinase, B7G6HO0). ixX L& [ifj 7F Gk & 4
farp FR T 1.88~3.5 145 (K D).

TCATEIA M R B I TE B A S TR T I
Thita#. H A7 R & fiff (citrate synthase, B7G9PS)
EFT1.964%, &3k /KE B (aconitate hydratase,

iz 4.59%
6.88%

ENES
35.32%

IR IRFIREA BRI
5.5% et

BOEM
12.39%
v ik
RS yopem amam O

275%  "10.00% 1.83%

B3 ZERFAEAEEDE

Figure 3 Functional categories of differentially expressed proteins

B4 poping . shEm EREARHAHELOR, TREARBLT LR

Figure 4 Representation of the changes in the abundance of proteins associated with central carbon metabolism in P. tricornutum brought on under
the condition of nitrogen starvation. Increases are shown by thick arrows and decreases by dashed arrows
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Table 1 Differential expression proteins involved in carbon metabolism in P. tricornutum under the condition of nitrogen starvation
compared with normal culture condition ¥

UniProt HF 2 ATEL
B7G4R3 B 11 2SmE 4 (cytosolic class 1T aldolase) 1.88+0.00
Q9M7R3 Mk 3-Ba H MR i S (Cytosolic glyceraldehyde-3-phosphate dehydrogenase) 1.92+0.06
B7G6HO Wl H M PR (phosphoglycerate kinase) 3.51+2.81
B5Y5C8 J5E W Ui (short-chain alcohol dehydrogenase) 2.12+0.20
B7S4B2 Z BN A i (alcohol dehydrogenase) 6.27+0.39
B7G9P5 PSR 3 Wl (citrate synthase) 1.96+0.00
B7FUR4 5 327K 4 i (aconitate hydratase) 5.90+0.29
B7GEGY9 LSRRI A i (L-malate dehydrogenase) 3.52+1.48
B7GE51 UDP-ij % Hi - FE R R L i (UDP-glucose-pyrophosphorylase) NDZ
KO0QZNO {8 25 11 (hypothetical protein) 1.66+0.60
Q945G8 IR B (carbonic anhydrase) 1.30+0.18
B7FNUO BRER T B (carbonic anhydrase) 2.80+0.00
QI9TK52 % BB B RR PR fL i KV JE (ribulose bisphosphate carboxylase large chain) 1.95+0.04
H1ASCT A fﬁ:’@?ﬁﬁiﬁ% Jiff A IV 2 (ribulose-1,5-bisphosphate carboxylase/oxygenase large 1.4340.12
subunit, partial (chloroplast))
F5GW69 VAL fﬁ:@?ﬁﬁiﬁ% Jiff A IV 2 (ribulose-1,5-bisphosphate carboxylase/oxygenase large 1924125
subunit, partial (chloroplast))
FSGW20 AL ﬁ?:@éﬁ?%ﬁ ALKV % (ribulose-1,5-bisphosphate  carboxylase/oxygenase large 3.1740.93
subunit (chloroplast))
AOTOE2 % ﬁlﬂﬂ?:%@;ﬁ% fifi KAV 3 (ribulose-1,5-bisphosphate carboxylase/oxygenase small 23450.25
subunit)
Q9M7P7 WA H- M R (phosphoglycerate kinase) 2.06+0.57
Q84XB5 SR 1,6- _WBREE 45 A (fructose- 1,6-bisphosphate aldolase precursor) 1.91+0.17
Q84X64 SR 1,6- W B2 R 4 BT 4 (fructose- 1,6-biphosphate aldolase precursor) NDN
B7G5Q1 3-WE AR HIHmE I AU (gly ceraldehyde-3-phosphate dehydrogenase precursor) 2.03+0.17
QYLE93 W FR VI S5 A4 fiff (triosephosphate isomerase) 2.42+0.21
B7FUU0 At (transketolase) 4.03+0.52
B5YSFO R BE AR (phosphoribulokinase) 2.82+0.45

a) #4r LC-MS/MS %5 5. UniProt: http://www.ebi.uniprot.org/ index.shtml [ & [ 4 5; NDZ: 1E# K531 P. tricornutum " AA

#|; NDN: BrAEEFE 1R P. tricornutum W R A 3

B7FUR4) b 7+5.901%, L-3F F 82 i & i (L-malate de-
hydrogenase, B7TGEG9) [ 7}3.52f%. 54k, 215K
WP A DG 1 B L FE SR ELSR I T B BAESR T
RIRICHEI (Calvin cycle) H AR & T, N
1 240 R FE B e 0

(i) SeBENmeERAYER. MtEams
B R - 4t E alcHE M (protein fucoxanthin chloro-
phyll a/c protein, UWB7G503, B7TFQE1%%), PST M
WPS I M2 K a0 KNl 56 85 M (photosystem 11
chlorophyll A core antenna apoprotein, AOTOB2)F1PS
I CP43 M- &% & it 4 3 25 [ (photosystem I CP43
chlorophyll apoprotein, P49472), LA NPS 1 HPS I
f2 B H L IF FE IV (photosystem I reaction center
subunit IV, AOTOF3)7E A& BT T I (F%2). HF1Li#

H 2K Y £k 408 B 11 -NADP3A Ji il (ferredoxin-NADP
reductase, B7GCTS)F1 it A fift - Ji 14 i 4R Ak b J il
(plastoquinol-plastocyanin reductase, B5Y3C9)7EHk Al
WP (KR2). SeEEMMXER D, A FHT
TEPS T M PS 1 2 i) f% 32 ) 40 i (0 K bolf 52 & 1K
(cytochrome b6/f complex)fJ 14~415r, FEBRAFIFT
AR M.

2 B8 -1-2F 1 2,1- 24 5L A 7 i (glutamate-1-
semialdehyde 2,1-aminomutase, B7G134), i
M2 R A YA R — A BB (R S ), TEBRA ST T
B EF M. B F # & B8 (magnesium-chelatase,
AOTOBS) 1 & BLAR [A] #a %, W RITHK B EH LW T
BEHE .

(i) BRBACE. AR AY1G MORH SC Y JLAS G B
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R2 BRABF/EEEFAGTLEEARBRRBEXERREER "

Table 2 Differential expression proteins involved in photosynthesis and lipid metabolism in P. tricornutum under the condition of nitro-

gen starvation compared with normal culture condition

UniProt FEH 2R
AT
B7G503 A E LR R alc M (protein fucoxanthin chlorophyll a/c protein) 2.31£0.33
B7FQE1 N R4 E a/c H A (protein fucoxanthin chlorophyll a/c protein) 2.06+0.08
B7FSP4 A E MR alc T H (protein fucoxanthin chlorophyll a/c protein) 1.91+0.32
B7GAS4 A E AR R alc M (protein fucoxanthin chlorophyll a/c protein) 1.80+0.43
B7GBK7 EWHTE MR ZE alc T H (protein fucoxanthin chlorophyll a/c protein) 1.85x0.00
B7GS8ES5 AR R M52 a/c M (fucoxanthin chlorophyll a/c protein, deviant) 3.43+1.26
AOTOB2 FRG N MR E o F0 KRB 4H3ETE 1 (photosystem  TI chlorophyll A core antenna ~ 2.95+0.89
apoprotein)
P49472 HERG N CP43 -4t it % M (photosystem 1T CP43 chlorophyll apoprotein) 2.51+0.09
Q84XB9 TR T 1 BT (oxygen-evolving enhancer protein 1 precursor, partial) 3.82+0.10
B7FZ94 T4A I8 T [ 3(oxygen-evolving enhancer protein 3) NDN
AOTOC6 M2 c-550(cytochrome c-550) NDN
H2EV21 Y6 Z45: 11 # 4 D2(photosystem 1T protein D2 (chloroplast)) 2.75+0.89
AO0T0G9 Y Z 58 11 Je i H0 3 H D1(photosystem 1T reaction center protein D1) 2.38+0.08
AOTOM1 Y6 &4 1 I F(photosystem I protein F) 2.09+0.48
AOTOBS YLt b6(Cytochrome b6) 1.30£0.16
B7G6S9 HEM FE H (predicted protein) 1.1520.15
Q41075 ATP 4 ifiy%(ATP synthase gamma chain, chloroplastic) 3.8+0.90
AOTOF3 RS T B HLIEHE IV (photosystem T reaction center subunit IV) 2.06+0.31
B7GCT8 BREUA H H-NADP i£ )51 (ferredoxin-NADP reductase) 1.750.01
B5Y3C9 JRARHR - T % 2 4804k 38 JFU i (plastoquinol-plastocyanin reductase) 2.38+0.00
B7G386 i E ALY i (peroxidase activity) 1.68+0.00
Q6Y682 38 kD #ZAHHIA-HH R 41(38 KD ribosome-associated protein) 4.09+0.00
Jig AR
B7G754 LML A 4k (acetyl-CoA carboxylase) 1.71£0.04
B7GEB5 SR L (biotin carboxylase) 3.00+1.06
B7GCMO 3-SR - [ 32k A TR 14 138 )R (3-oxoacyl-[acyl-carrier-protein] synthase) 4.70+2.97
B7GDAS 3R-F Pk AL - [k KL 38 AR 2K 1 16 /K i (3R -hydroxyacyl-[acyl carrier protein] dehydrase) NDZ
B7FYKO K45 2 WEi#E A A (long chain acyl-CoA synthetase) NDZ
KORDMO 1B € % F (THAOC_34158Hypothetical protein THAOC_34158) NDN

a) #4r LC-MS/MS 25 4). UniProt: http://www.ebi.uniprot.org/index.shtml H i 2 4 4i 5 ; NDZ: 1EH 5532089 P. tricornutum WP A KGN

F|; NDN: SE 5555 1 B0 P. tricornutum W A& K F)

50 2 1 4 B A ¥R 1L B (acetyl-CoA  carboxylase,
B7G7S4), 3- 4 Mk 3k -[ W J% 4% (K % 1116 5 g
(3-oxoacyl-[acyl-carrier-protein] synthase, B7GCMO)
1 3R- ¥4 1ok H [ Mk 5 2 4K 25 1 1 7K 1 (3R-hydrox-
yacyl-[acyl carrier protein] dehydrase, B7GDAS)E it
U b TR i A I b B A I R R —
5E 7R I (hypothetical protein, KORDMO) i (2). g
JoT 5 FRURH G Tt 4 b 98 K oK A i1 T 0T T R e | kS gk
RAE g AR R Tt

(iv) S A BAE G GRS e
(helicase, KOR8Y4HIB7FRA43)H 2 RMH iR Mt 1 1k 5%
% #% i (polynucleotide adenylyltransferase, KOTEB9)
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FE S AT (R S1). X 24 il 2 E mRNA 1) A% 24,
X 5 DGE 9 &5 S — . B8R 41 70 (1 B7G715,
B7FTIO &5 ) F1 ¥ 1% 4 K [A F (translation elongation
factor, 1 AOTOK6, BSLEIOZ:) T i, & BH 3 /i fiy
mRNA % A 9% #15. 5 #4 [l (isomerase, U1B7FX39,
B7FQT345)#4hn, 43F 1158 H (chaperones, B7G4P7
MBTFQ72)X Il 45, Jf H 158 A G R4 4
KW TR, TTRE S Bk — L0 75 B 2 A0 i A
A TR 32 & IE fd 2 [ (ubiquitin extension
protein, B7FYO02) 34 il & B 25 1 [ A n i) . 76 S %
FMF, |OARRERA R T 2SR ENFH. 0
S AE T LA R T A, O B B A
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O T A 5 4 R 3R W40 M B AR 4 4 (eyto-
skeleton components, UIASIJP15, BSY3W755)fI4e (s
A& 2H 43 (chromosome components, {lIB7FWRS, B7G2A5
EVIEBR A ST FE(F6S2). Ye o e 4 il gt Ak,
SHAEA TS AT HEAT A1 4 AR

(V) E5etzEd. 22 5F5H%S
s EA S EWR R L T2, 24~ H A hedgehogz
R 6 1 19 2 1 (BSY414 FIBTFY V4) 76 Bl 0 i 18 (%
S3). ¥ %4123 F (ammonium transmembrane trans-
porter, B7TGOY4)7E B A SE T HhN T 11.4845%(F84). 1
A ERYLR 5 5 B A (iron starvation-induced protein,
BTFYL2)TESRE SR FBCA KM B, 1 IREFEEIIAA
fiff, K5 2 3% A R & hU i (argininosuccinate synthase,
B5Y3V3)7E i A 4 i bt e A R 21 (R S4). B,

S eI R A E AR T BE
Ak, RIAFETTEEMIE RS 2 CEEIE.

2.4 BRRSKME St b A R i

[ 55 71 M Nile red HIBODIPY Yt {7 i) = Ff #6345 %
FIFAXT 28 HEAE. Nile red s (009 1E & K95 19 — f 46 15
PR e VG M 14.33+3.17(au.), BEAKEFR48 hfl
15 2090 T15026.21+0.82F172.67+1.72(a.u.). 7]
Y AE SR A S T IR AL &R, El6(a)~(c) Fi7n A Nile
red L 0 1Y — Mt TE BE AN M. Nile red % 219 57 (lipid
body)TF W Wik & T & HRREE Y 3 (0. Ba s
Fr VR = FA ke 48 B 10 i T WY Sk L T 8 5% 3R R 5 (48
hi K, X 5 AR 6 (E e — B,

BODIPY 505/5154% (A1) = f #45 B A A X240

(@) 8o

HERVRHAE (a.u.)
SN W Ao
o © & © ©

o

350
300 F
s 250}
% 200
@ 150
100}
50 F
0

{H 5 Nile redZ (o %) 41 it & BUAH A A R 2. Kl 6(d)~(f)
JJT 7~ I BODIPY 4L {0 1) = fi #3641 ifd. BODIPY %%
6 19 i T 7E 156 R T R AR i Sk e . B
REME T R8T B A8 1k 5 Nile red s {4 20 g — 3. W Fh
e 7 i R FE B RS R BR B R, X5 R
T4 2 A 45 T — 3.

3 e

3.1 GRS P SR B A TEEeR
TR

EEHAZREN, HREEYA B —1K
A R -1-2 2, 1- 2 B AR A B (glutamate-1-
semialdehyde 2,1-aminomutase, B7G134)7E & 41
THE T, SBZARTEN TR, GESEE
BER AP — 451 (B 1(b). StafEMRER, 4
FEPS TIPS T 2511, FE40 M B mT NI, nhag ¢
T e G5 B, — A AE T i A0 6 SN T PR AE A
ZAE TR BEAR(E 1 (e)). TR h 5 ik [ %
A, D6 I M A R AR AS B8 Sk JCHLAR 19 3 JR 2 4t
7o L 1Y g B A 5 (AN ATPFINADPHZ) B Hy itk
AN R R SCEARR TR, NERITTLUEH, =
FAM R PEAE BRIV S R IR SR A B LA 8 1 B 2
T, k5 i &R RN T M A R AR — By (A
1(c)). Yang® NPVR B, BRI = £ 48 5 w8 A% i b
IR 3-22 In] S+ ¥4 88 (plastidic ribulose-phosphate
3-epimerase) [, FHIGCHE ke [ 8 78 045 1 B B A
HE. BRI, ARSCRA LRI — R A AR L, iR EA
SCH SIS 25 AN TR F Yang % A, [HoA YangZe A2

(b)

Normal N-48 h

70
60 [
N-1w

Normal N-48 h N-1w

Bl 5 Nile red/BODIPY 4 (0 1) = i R T8 BE A AHXTTEIGAE. (a) Nile red Jeaiy = MABHE BEAVFIXTEOLIE; (b) BODIPY Y@ i) = ftE e i X
POGIH. Normal: IEFHEFR: N™48: BRAIEFR 48 h; N™ 1 week: BRARIFE 1 ]

Figure 5 Relative fluorescence intensity of Nile red/ BODIPY stained P. tricornutum. (a) Relative fluorescence intensity of Nile red stained P. tri-
cornutum;, (b) relative fluorescence intensity of BODIPY stained P. tricornutum. Normal: normal cultured P. tricornutum; N~ 48 h: 48 h nitro-
gen-starved cultured P. tricornutum; N 1 w: one week nitrogen-starved cultured P. tricornutum
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Bl 6 Nile red/BODIPY Y41 = ffi#8F5#:. (a) Nile red Y+ IYIEH K57 00 = fI#EF5 3, (b) Nile red YRy ELAIGFE 48 h 1) = fHETE#E; (c) Nile
red P pIERAENRGTR 1| A =FAEHNE; (d) BODIPY JefiyiE® B0 = MA1ET53; () BODIPY J@AyEialETE 48 h MI=MBHEE, O

BODIPY ZL i a G 77 1 A0 = fMkTe i

Figure 6 P. tricornutum cells stained by Nile red/BODIPY. (a) Normal cultured P. tricornutum stained by Nile red; (b) 48 h nitrogen-starved cultured
P. tricornutum stained by Nile red; (c) one week nitrogen-starved cultured P. tricornutum stained by Nile red; (d) normal cultured P. tricornutum
stained by BODIPY; (e) 48 h nitrogen-starved cultured P. tricornutum stained by BODIPY; (f) One week nitrogen-starved cultured P. tricornutum

stained by BODIPY

& LA A R 2 LU AE 9 e EOR R Bk A S5 00 T SR 1 B
1254k

AR 6 A 78 A0 2 32 A2 1 5 IR DGE 43
KPS EARAMGS RIS 2 —3. A0A
S, M A R AT A B Y AR T R4 A
BB A AR b S R A RN T R A PR A
VP2 E TR BE 551 T R B RNA, H 2B A BHPE AL
wE, FEAEAS R — M FEGEA . Plum-
ley Al Schmidt™™ ¥4 % 18 40 BR 1 4% 175 F 36 B A&
(Chlamydomonas reinhardtii)  BUHE Y6 E B & S ARG
o, A EAA R TR, (SR mRNA S Y
Jn. e ST — SRR R S AR AR, BN, Hi S
DR I 42 i (betaine aldehyde dehydrogenase, BADH)
HHEPREZEMOFES, HEWEET EX
(Spinacia oleracea L.)M i BADHAYmMRNA & & 1
In3~4455% Huan%s A\UOVR B, W& (Ulva prolifera)
FE = R0 FRNAS B 5 F . Zhouds A\ %€
P 5T 4232 (Pyropia yezoensis)TE T 52t K 85 11 &
i W] W B AR . Hockin 48 A MRS B o 20 ¥ B 5
(Thalassiosira pseudonana)t H AL I H LI, 5
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A2 5 nhgk R KT G R 8 E 2 Uk T R
1.5~2.51%, PS I AOLARCEM TR, fEASCH, Jbd
AN 2 A A BOH 6 Y 2 L TE B RS T
ENRE, U E AR T IR A R Y R
(7 BUIE: N ORLSIT 8 VAR

3.2 BRI T A mRERIR A R

HE AR R, RGP EEEANS
ok A B AFR fL i (acetyl-CoA carboxylase, B7G7S4) . 3-
AR T -[ B 2 K B ]38 5 B (3-oxoacyl-[acyl-
carrier-protein] synthase, B7GCMO)#13R-55 i FE-[ Bk
LR AR 1K B (3R-hydroxyacyl-[acyl carrier pro-
tein] dehydrase, BTGDAR)TESR AT i (322). HILIA
RN A AR SRS FUE. Anwr T, RS A TCA
TEIASCHY 2R 1 A it 1 T 1.88~5.901% (3R 1), Hitthk
T ff FITCATE A G T 5r . HEREE i AN TCATE IR iy ik
R BT R A= 1) G AR AL O B i) v ) 7 4 2 2 Tk it Tl A
FIRERY (W ATP4). Nile red FIBODIPY 4t (i 4% 5 3%
B, SR = AR 48 B I P BT K (& 6).

TEBR A ST o 55 AE ) R 23 3 b 22 4 I Bl 3



A EAR RS TC A o1, i S 4 v 3l LA
TE 1 T2 A7 A 1Y) Peng 8 N YR 4 R ST
(Arabidopsis)TE R A Tt E2N S 5B LY A
JLHE PR 7 SR 7K 7, Wang S5 A 78 316 B AR i o
Z A B BRIE G 7R 9 A= 0 A A, Millerd A 0135
SHE T A BETE B RS E T IR A A 6 3 IR A 3k I
PA, R DL B ok 4 o B A R 0 R B AE 2 R
W47, Palmucci®E A8 % PR, ik i 0 HG Al £l ok A Bk
RAEAET N5 MG W B8 = 34, DA i T % L ik
IKACA Wy B 2 W B RN SR T, X B R A AT
T =AY A5 AL 38 T 4 i N BB B AR R R R
HockinZs AUV B, 15 {200 v i o A AR RU 4 1F T
T ff AN TCAME A AR G 1 L, E%A LR &
AR O il B4 A5 £k, P I O A1 R 25 VA % 95 AE KPR
M N IHAERRAE AT, B AN 18 B EUS T 4R % A7
NEMFIR. A SCHURFIESE 3 Won, 400 50 s iR &
RS, IR R Hras Bk I, B A TR R IT 4R
R, JF HBEE B IR R 3.

3.3 BRSNSt A i Rtk

A4k

HH A S MDGES TR, Bk 1T &5k
U (TCATEFR) R IE A, 7 2 LR f 4% 5% 1R, (2
BF N H, WS M (transketolase). [ T — L0575 il
ZAh, EEREESE M. FIA SO, SRS T E
5T 9 B A R T 2 IR BB AL, B B E
() R it R 05 B R S AR AL EUR. QAT T i, &R E
BRI FERE R, MIBTENIE T A MRNA,
IR RS . TEERESR M FRNARAEY &
BRI Tad R hn o, 26 30 22 A% T IR R 1 Ik AL i
# I (polynucleotide adenylyltransferase, KOTEB9) |
W, HEEA G TR, Wb #ETKREF
(translation elongation factor, AOTOK6) T ¥ (FS1).

553k

B, YangZE ANPERIANZ R HFRLS A EN
(putative polyadenylate binding protein) i, fij 1/{~%E
K K7 (putative elongation factor) [ 1, A {85 K&
. 5 = AR EARRL, R B AR A A
AR A RN RE2.20%, 2B B A R
ST B 1.8~3.14%, WTBEULEA &5 1 & T B Ak
IO X U A A 3 S g,

A1 IS 2R s S PR G e s S /B R Vi =
Tl di g iR, FERTEPEREAR, X 0] REBY kY (o 4
TEW T M BIRIR, I8 B I AT A 22 03 S0
#. 21 H A hedgehogSZ 1A 1 M 1 £ L FE Bl AU AT .
Hedgehog 3 15 IR 7E 2 8 (Drosophila)h & 8, Jf H
HA WA e oh g™ R = Mmdeie i
MY, Ligs AP e g A Em. B
f) hedgehog 37 1A Ay ik ¢ Hf A7 76 A7 1 25 7E 42 4K 48 .
HockinZs A UOVL B, B g % % vh 2 5 IR 3h iR
Jir Ay SV i TR 26 39 1717 3 i Ay 4 1) i il TR 5 15 i it
(nitrate reductase, NR) | MV [ig £5 34 J5 iff (NADPH-NiR
FFd-NiR)ZEAR T N IH T 2.5~9.56%. AR SCAYIF 5T 45
R kBB AL, (HR IS R s
%5 H (ammonium transmembrane transporter, B7G0Y4)
FEGR AT B T 11,4845, 4 A rh s ) g 5 i R
BRI S B JHL R i e R PR B

4 &k

AR S = S (R T A T 9T 4G SR R
FEBRESAF T, SN AR IR SCHE PRI PE T, HoAlh
At R UNBEEE . TCATE ARG A EIH. 55
SRR BB AR TE R AN TR], T 8 A0 M A D0 FREE R
ARG R, X PP st A7 T2 =X 0] eSS N T 46 fa Py Ag
AR SRR, VR IR I AL P AR IR RR R, B
% A0 T 20— A A R BE R A SR A AL X Ak
THRBE RS TR A B B S
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Changes in central carbon metabolism of Phaeodactylum tricornutum
are beneficial for lipid accumulation under nitrogen starvation
conditions

ZHAO PeiPei'?, GU WenHui', WU SongCui'?, XIE XiuJun', ZHAO YuPeng’, HUANG AiYou',
HUAN Li'?, PAN GuangHua® & WANG GuangCe'

! Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
% College of Earth Sciences, University of Chinese Academy of Sciences, Beijing 100049, China;
? College of Marine Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China

Phaeodactylum tricornutum is an important diatom that is rich in fatty acids. Information on its whole genome is publicly available.
Here, we studied the proteome, transcriptome, and physiology of this organism in normal culture and under nitrogen starvation
conditions. Our results showed that protein metabolism, the cytoskeleton, chromatin, and other bioprocesses including signal
transduction changed dramatically when nitrogen was unavailable. Under the nitrogen starvation condition, photosynthesis and the
Calvin cycle were down-regulated, while glycolysis, the TCA cycle, and lipid biosynthesis were up-regulated compared with the
normal culture control. We suggest that the up-regulated glycolysis and TCA cycle may provide large amounts of substrates and
energy for lipid biosynthesis. Nile red and BODIPY staining of P. tricornutum revealed that the lipid bodies were enlarged in the
nitrogen-starved cells compared with the controls. These findings indicate that limited availability of nitrogen can stimulate the
accumulation of lipids in P. tricornutum.
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