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Glycerolipid remodeling of Phaeodactylum tricornutum in
response to nitrogen stress
YANG Miao**®* WANG Hai-Tao® XUE Song"

(1. Marine Bioengineering Group, Dalian Institute of Chemical Physics, Chinese Academy of Sciences,
Dalian, Liaoning 116023, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)
(3. Schoal of Life Science and Biotechnology, Dalian University of Technology, Dalian, Liaoning 116024, China)

Abstract: [Background] Phaeodactylum tricornutum has emerged as a potential producer for
biofuel feedstocks. Under stress conditions, the glycerolipids of P. tricornutum could be
reconstructed to adapt to alterations of external environmental factors, concomitant with
accumulation of triacylglycerols (TAGs), which can be converted to biofuels. Thus, mechanistic
studies of glycerolipid remodeling in P. tricornutum under nitrogen stress are essential for
deciphering mechanism of TAG biosynthesis and accumulation. [Objective] In order to confirm the
origin of the accumulated acyl groups of TAG and the fate of the decreased acyl groups of multiple
polar lipids, the alterations of fatty acids and glycerolipid components were studied in detail for P.
tricornutum under nitrogen repletion and depletion conditions, which could provide insights into the
response mechanism of glycerolipid of this alga subjected to nitrogen stress. [Methods] The fatty
acids and glycerolipid components were determined qualitatively and quantitatively for P.
tricornutum using high performance thin layer chromatography coupled with gas chromatography.
[Results] Although the total content of glycerolipids remained unaltered under both nitrogen
repletion and depletion conditions in P. tricornutum, the content of the individual glycerolipid class
and the respective fatty acyl compositions varied notably. A prominent decrease in content of each
polar glycerolipid was observed, accompanied by an increase in TAG amount, up to 57.8 mg/g, in
stress-induced P. tricornutum. Based on variations of the contents of the fatty acyl groups comprising
those glycerolipids, it was concluded that the lipid remodeling took place in multiple pathways. First,
the saturated and monounsaturated fatty acids of TAG were significantly produced. In particular, a
majority of 16:0 was concentrated into TAG through the de novo synthesis pathway and most of
16:1n7 was assembled into TAG through turnover of polar glycerolipids. In addition, a portion of
EPA derived from polar glycerolipids were recycled into TAG as an acyl donor. Second, the
polyunsaturated fatty acids degraded at expense of notable reductions of polar lipid components, i.e.,
16:2n4, 16:3n4 and EPA. [Conclusion] When the TAG of nitrogen-deprived P. tricornutum
accumulated up to 57.8 mg/g, the accumulated acyl groups of TAG derived from both the de novo
synthesis pathway and the polar lipid turnover pathway and the contributions of each pathway were
48% and 52%, respectively. In addition, there were 54% of the decreased acyl groups of polar lipids
to be incorporated into TAG and the other 46% of those entered into degradation reactions in P.
tricornutum under nitrogen stress.

K eywords: Phaeodactylum tricornutum, Nitrogen stress, Glycerolipid, Triacylglycerol (TAG), Fatty acid
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Table 1 The growth performance and photosynthetic
activity of P. tricornutum in response to nitrogen stress

Growth condition ODego Fu/Fm pPS
N* 0.637+0.047 0.768+0.006 0.465+0.010°
N- 0.451+0.008  0.697+0.004  0.341+0.007

T N EEFREIREM N GERIR AR A B
o 3T bR 2. T [ — B = e 25
3% (P<0.05).

Note: N*: The nitrogen repletion condition; N: The nitrogen
depletion condition. Data were all expressed as average of 3 biologica
replicatestSD. ™ Statistical significant differences—one-way analysis
of variance (ANOVA), P-value<0.05.
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Figurel Thedglycerolipid phenotypes of P. tricornutumin response to nitrogen starvation

TE: A FUMHAXT = MR ss . BePERR S HmlR S 5 B ZUMMA XAl s & i A5, N

HE IR N

BRI IRAE. T RUER R 3 ARV BRI VbR n s, " W — S5 2 7122 57 .3 (P<0.05). PL: Bk

Note: A: Effects of nitrogen stress on contents of glycolipid, polar lipid and glycerolipid in P. tricornutum; B: Effects of nitrogen stress on
contents of the individual glycerolipid in P. tricornutum. N*: Nitrogen repletion condition; N™: Nitrogen depletion condition. Data were all
expressed as average of 3 biological replicatestSD. *: Statistical significant differences—one-way analysis of variance (ANOVA),

P-value<0.05. PL: Phospholipid.
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Figure2 Thepolar lipid phenotypes of P. tricornutum in response to nitrogen stress
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EFR A 3LV F B NP bR R 2. " W — 5808 22 7122 5 .35 (P<0.05).

Note: A: Effects of nitrogen starvation on the fatty acid contents of MGDG in P. cornutum; B: Effects of nitrogen stress on the fatty acid
contents of DGDG in P. cornutum; C: Effects of nitrogen stress on the fatty acid contents of SQDG in P. cornutum; D: Effects of nitrogen
stress on the fatty acid contents of phospholipid in P. cornutum. N*: Nitrogen repletion condition; N™: Nitrogen depletion condition. Data
were all expressed as average of 3 biological replicatestSD. *: Statistical significant differences—one-way analysis of variance (ANOVA),
P-value<0.05.
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Figure 3 The TAG phenotypes of P. tricornutum in
response to nitrogen stress
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replicatestSD. ~: Statistical significant differences—one-way
analysis of variance (ANOVA), P-value<0.05.
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Figure 4 The fatty acid phenotypes of P. tricornutum in
response to nitrogen stress
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Note: N*: Nitrogen repletion condition; N: Nitrogen depletion
condition. Data were all expressed as average of 3 biological

replicatestSD. ~: Statistical significant differences—one-way
analysis of variance (ANOVA), P-value<0.05.
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AL -CoA BYBEHE-ACP, #EML LR AR AT I i &
A BTERYE P C 33k CrPDAT H1 CrDGAT IHF5E15 )
ESZPYA il 1 S B A B R 23 B — Bk L
NG5 LB FE 5L bk podd UERH TR PGD1 BEAF
SEPEK R IE MGDG 1 sn-1 (i IEBERE 18:1n9, [A]
B BESE L) 18:1n9-CoA B, 18:1n9-ACP JE i
—$55 TAG AR, B, SEIEREHA
BT A TAG Rl T kA iz,
TR UE T IEARIEILBE (L . (HR X AR AR 45
B DT IR AEE H B T R 45 (A FR B ) sl
HRAIOERE , IRESE SRR,

R AR R, BRRATR & R A e R
W, A IR R K Z R A BN AT, 40
16:0, 18:0, 18:1 Z1%8 sl iR i
PERSTE R AEEHE ] N A5 PUFA, TSI FIBEA
2:LL TAG MR, Uil TAG FRRLRAY PUFA Sk A
TARPERS AL, I AT LU TAG HhERY
SFA Fl MUFA & SRAGTHRINA J& K gt
Xt TAG & A TTEREE, 11 TAG HFLR) PUFA %
S DU AT AR A TR 38 S5 4540 g 1 ok 3 5 1k

YERIXT TAG A T ok, EA43crh, Zka
JEEEAN N TAG B4 nEY 16:0 KEB/ MM G, i
AEBAK B AR (R 2), i A SR RE
16:0 AU/ B e T TAG B4R A FH G sk i
KNk PL>SQDG>MGDG., HA 4114 H TAG F1 2
1) 16:0 WA 84%, HA 16%6 0 A itk
NREVEAIER . [RIREHL, DA SRR 16:1n7 X
TAG FAVERI BT /N MGDG>PL>SQDG,
TAG LR 16:1n7 HAT 25%% A kA RER,
AR PE R %% Ak STk EE W 5538 75%. J341, TAG H
HEINAY EPA 4k A AR RS LAk, s i
A B RS I/ D s EPA &b B 19%H T4
L TAG (HIE 4115845 1), X5 EPA [ TAG
(3L 3 Rl T I FE S A0 i R kB i S R R 2
AT NAD(P)H J% ATP, T (5-47 40 it 6 2 45 Ak
i, i A AR H s D B A BPA WR AT 4
fEfEH . TAG H EPA (5345 EPA 9 H 73 L
29%Ft = 2 27%, XL T AR EPA 1] TAG
ARSIV E . AR, B4 TAG HIf
JG DHA B1Z, X5 Popko %R 5e 4 R—5,
H e 40 A s ) DHA 238 & 42 T 40 . DHA &
EPA 7 L Xt PR35 Jolp a6 R 7 2600l 2 B g g 7 285 SRR
i), DB RN PURA St 254 Al AL il oA
[F], T A ik —2 e

0

* 2 AMEBRHBHTMALERRIRMEREL =MA1BIE
% TAG SR STRk1ER

Table 2 The contribution of de novo synthesis pathway
and polar lipid recycling pathway to TAG biosynthesisin P.
tricornutum under nitrogen stress

P

MA A W APERE AL
JEWiER De novo synthesis Polar lipid recycling
Fatty i A BUBTHR Frht A B DTk
acid Content  Contribution  Content  Contribution
(mg/g) (%) (mg/g) (%)
14:0 111 52 1.01 48
16:0 14.15 84 2.68 16
16:1n7 6.40 25 19.07 75
18:1n9 1.90 100 0.00 0
EPA 0.00 0 2.30 100
Total 23.56 48 25.06 52
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Zi PRk, ZMNE)E = MWmTe Y SFA (R
& 16:.0)7E B ML E AR R & TAG 4Lk i 4
i, AR R AR Bl R D, XS
SCHET BRI KA B L 0] TAG & i 5l
3365 356 P AR BE R DL BRE 1 i 0 2 145 ek,
MUFA 16:1n7 75 3 41 L0 B TR 2H A Hh 348 o o 22
BERT TAG hHEERINGE, 52X 2%
PENGHIZNR IR & & i M R, X e T
H 16:1n7 [ TAG Hyiisl, RIBMERR A mE LS 1k
X TAG A MUHAEEMEMN, X 53 AHEE T ER
RN AT L, FPNEJE = MBI TAG &
RRVE A DSk B i S ME S AL (R 2), HiAs A sailk
FESY 51K 48%F1 52%, #10y 1:1, Horp MSk& niissr
FEOEA T 16:0, WtEIEE S 2ok A MGDG
FIPL 19 16:1n7, iSIFE—H 5k AR R EPA
32 FEMBERMERES PUFA BY% (G

TUCHEAE 22 Bl 38 4514 18—~ 31 220 L R AE
SRR B R, JUHOEA SOBEIE Y PUFA ZKF
T 1282 BRI SE AR 1 PUFA TE A
B A EE L, R E N A
Him —Ee B TA K TAG, KA RS AL/ I
IR RV E R, R T oA,

A, B 3 d ERMENE SRS T
46.5 mg/g (FHE 138 H), Hrh 4% bal T
TAG, 46%ik1T T/ fi(F Il 2 &Il 3 1),
HH i PERR ) PUFA S idi/b T 59%, [i/ba: EPA
YERBEIEAMAE LR TAG A1, FERa gt
ZHEE MGDG H ) PUFA 4 16:2n4.16:3n4 J2 EPA
FERWA S5 TR AR T e -

Légeret SR W] , 314 A BT S A DB
RS Z A1 MGDG snl-18:3/sn2-16:4 REjif it
— Pl R 28 5 1 G B B e b B H v R (DAG
sn1-18:3/sn2-16:4) , i % b B Z A 1l TAG
sn1-18:3/sn2-16:4/sn3-18:3, TAG (145 3 AN ik
JiF PE 8¢ DGTS, XEenftoesh Fh 2 A At
JIE 8 3 H I B 2R e B 1) TAG AYSE AL IR TIEE .

A PENE MGDG. DGDG F1 PL F{ESELH 43
EPA 76 ZUMA 5 35 18 2D X S (iR 72 A i
T TAG, %5 Popko 2Py 45 —8., FILTEA
il R =45 T UL EPA 0 PUFA MU 2
TAG 193 It 58 AR HokE S 2 i F 5 % AR B ot ad
AL —A R

HWAMASCH = fMiTs Ll 16:2n4, 16:3n4 Fil
EPA b E 1% PUFA i k4B T e, —ftts e
IXFl PUFA RIS i 5Pk o0 S B0 EUNHA T SFA 1Y
HoyHEIN, BELERg T PUFA/ISFA B9HLEE/N, 150
FEE P 2L B2 A ) 35 17 Pk RETE BT PR 45 1 i IE B
PRSI, Z I FRA ARG 138 1 (Homeoviscous
adaptation)™ , ZARHIFFE 4% 2 WX 2 = MAE 15
HIH R X UM ) — ORI

FUCHEAE U AE T A e 7 e iy 2 — A~ Bl A AR
L3 72323 TAG 1EAR B RN EBE A RS Y &
. A SRR, B TAG TR B S PERS Y
AR DA OC 5 MR i 200 6 g s T A X 32 B2 1 AR
b, TAG HIFR 250 AR R B, J WA N X
TAG B R M TTHk B B A8k o A SO = i Fa
RWA 2d JE K PSI i7" 38 Fy/Fm HEELT
9%, TAG &2 HA 57.8 mglg, FHHALTREIIA
BB, ABFREE RN T AW ERETE R A
a BB TAG FURMEE sTikiEA, otk
FEIR 52%, A Sl = M TE R X ILAR iR
TR, R T RE K RN
BNENR AL BN TAG FLEMK H oTikE, b
FE Y T Z W E R KR R IR TAG
AL R i P il 2 1), XS IR T
it AR RS X TAG AR B0 B S LA H g
M 1, FE AR i I RS AR b i R HE R AR
mEBMMFR R ZED TE SR TAG MAMAR
BBUa A B s 22 e 3, ST R U
BTN TAG A UK IR B AR RR e i o7 A58 A
2, DR R UM N [R] A A PG T s e g AL
RIS 25 SA
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i LT, MR TR = MetEEE TAG
1o 57.8 mg/g B, FLEM TAG BEEE A 48%k
EU\%AEJZ 5200k HAAPERRSE 1k ;s T AMNE S
/b A AR S th A 5A%EE LN TAG, 46%%K
AT . —AWTR R R A EAER, —
REfEE TAG MIAIK, %’—ﬁﬁﬁﬁﬁ‘ﬁéﬁ—
E KT PUFA ﬂé?’ﬁﬁwﬂiﬂﬁﬂﬁﬂéﬁmmu XL
X F A S Tl Ak AR B s & PURA HE R0
RAGEEMNEYIRER . WAL, S8iE2
A5 SN C T HOR BE S e THIh TR X 2145 48
A i B AR e e A5 R, AR HE R
AR BSR -
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