544 % I3riksE (FENXT HUAXUE)  #F5E4R 5511 3
2016 4£ 11 H Chinese Journal of Analytical Chemistry 1698 ~ 1706

DOI: 10. 11895/j. issn. 0253-3820. 160354

INERXBIEREB CRERMLEEEMRIEAN

FEK F X Rk FHER #EE°
wEH Faw FANE!

YO IEE N AN AE R BRI E S =, T 315211) TCTET AR ISR R, TR 315000)

W E LU/NEEEE(Nitzschia closterium f. minutissima ) YE A XS G2, F1) 8 15 R AR €8 335 156 FH VO AR AT - L
B B BB R R B SE T AL T S 3N eE B R G AR IR BE S C FRIC A RE BE AR, A5
R AEEEREC N THRCH 10 KN 4 2966 AR ¢ B BARC, b Z @t H il s 2LAIE (DG-
DG) BEABEEH I (PG) . Bk H M B CHERS (SQDG) 3" C Fric i s i, R A & 31 3 &5 1148 8 K il
ST, B U U BT W B, 7S 8 K 4R B IK BB K (I (173 £24) ng/mg, (473 £41) ng/mg R
(1224+21) ng/mg, bFRICZEAT A H 56.3% |, 38.4% F162.6% ; 1M I H IS 2E 2L g (MGDG) 8% C A0 19
SR S B 2R T IR 10 RIKF(956+51) ng/mg, bRt %k 87.3% , v WL, ARG
TEBERN G R S5 B TR 2251, 0 1 T BT 2 1 ik A A B ol R v X e b R I 25 Y [R) AR ML, 5 R ek
NS CARIC AR IR T & 19 Ec R AL, £1%F DGDG (PG . SQDG, Wi HARIC T 8 KA B A= Y , WX
MGDG, W B BEHFRIC T 10 K AR A: 4,

SR MBI O RUE R BRI A s bR
1 5|

THCBEAE Ve AR S RGN IE 7 TEHEVE A W V8 ) R 2k It 20 1) JB 07 B v 0 4 AL B2 1Y
TERIYY , AR E IR LW S ZFAMAIRIR M EPA DHA 4520 V5 2050 RIS P 2 57
FE A PR R A DL S A 0 TR T SRR X 7 B DL 7 IR O LR R KL B R
K, FEARIAFRRRA L2 SHEAYNE AL, s v S A i 2 SRR A5 AURe i 16 28 4y,
FEE U H I S (MGDG) , SCEFUREH i — g (DGDG ) , At 5% BRA=4% H il — i (SQDG ) Fl
& (PG) X EGEFR NN ARG o RTINS G JE A AN ], DT 357 4 4 ] e B A
IR ESRE . CAEVEEZA A EERR M R AL R A BT R Y (H X SR 58 K 22 %
TACBE P AR IR | F5S I 2E A, A7 DG AR 0% e b oG B AR FH IR TRl AL A BIF 5 i IR AR 0 L

XHRBHRARBES , AL Z R B R R I AR T8, A il 70 4840, A 2 LT C
TR )7 2R 7 AT B A M A SR 2 rh B AR T S O M ) 8 R AR B, C R TRl R
PRICHAR REGEE , T TSR] 7R B2 S 00, S T3 U PE R AL R Y C RS i 8 , A 23 %0 BT Wi
DR AT AR B, TR ZHOR C 2 W THa s Y1 e £ 9 I rb AR R B A2 FR T 9 22 (8]
(B FR R AE 0 H X SRR 9 K 22 2 3 o )57 28 E A9 3 ARG T A 40 4k P b 18 4 [ 67 38 o P A8
b, FEEER R E IR ZE Y[R 2 R AR HEA T BRER M 1 20 BRBOAH (335 - T IR R AR I AT LA e ok 22 20 5
T FBOr R — 2605 By RO R AR e R AR AT R B R R R BR 45 G i o PR BB AR /T LA
PR AE PR AR SERR 2 A AR AR Ak, E A Li 255 FE S 1 C A T R 110 40 R 555 35 9 P B 97 5
YIAn L, 38 33 L S A Bk v 43 T3 ( Orbitrap-MS ) B2 AR 1 3h 4 41 i o3 B I BEAEBR ( PC) BB L
LR (PE) BERRBELEE(PL) FIBEREEEH I (PG ) SRR BT 40 F Z M1 (1 4% AL UL, 1Ml Elizabeth 55 /£ HA
AT HIEHL" C XRGHERR PRI , 30 2k /85 40 ¥ BT 1% R e AR N 2 60% 1) =158 H il (TAG) & 3k

2016-05-06 YtfiF ; 2016-09-08 %57

AR E K AR ESES (No. 31172448 ) ;. HH A1 -+ i 5 4 10 58 & R Uk H ( No. 20133305130001 ) ; #i 7L A SRR = 5 4 01 H
(No. LY15C190004 ) , T BHE B ET H ( No. 2014C10005) 5 Wi VLI H A Q11 H BRI H (No. 2012R10029) 5 T W 1T P #E 2E H R
BT BATS H (No. 2011B81007) ; K Bk sJrIRHIFTRI5T H (No. 20151K182)

% E-mail; xujilin@ nbu. edu. cn




5114 SRS AMEBDCAEINRY C RE IR AL 3R 58 i /T 1699
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FAk

PRI A P 38 3 X R A T C R IR B AR 105 AR A 1 T vk | B AR RS [R) i 2 1 [ Ak L)
PRI A DR R CEE AN R AV TR B9 AR LR , 33 3k 75 28 8 2 % S h AN R iR 2 € FRg IRl for
FhRC A AR . A SZES DA/INEE B ( Nitzschia closterium f. minutissima) W RTG M C Fa g )
37 2% IR o S A €0 T K0 P DO A A - L 37 LT B o 23 B B H A, S T/ NEE T B WD B 1R TR
B CRE AL R A TARIC I s, R ST A W T g 28 A Wb 10 00 14 1) A B X B e AR 1 O I3 1) 5 4R
FEAL T BT AR T
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2.1 {UEEMiKF

UltiMate3000 i =5 RN (G5 0 M 2248, Q-Exactive DUBEAT-H#HL 3738 Bk v 0 WA, Hypersile
Gold Clséijaﬁ*f( 100mm x2.1 mm,1.9 wm), Thermo Scientific Xcaliber BB SRS ( Z£ [E Thermo
Fisher Scientific A H)) ; #4li7K &4t (3 E Millipore A H)) o

FesE [ ZE AT ( Glycerol 2-7C,16:2-16:0) MGDG , ( Glycerol 2-"C,16: 1-16:3) DGDG . ( Glycerol
2-"C,18:0-18:1) PG Fl( Glycerol 2-"C,16:0 ~18:1)SQDG( Z[E Avanti Polar Lipids 2] ) ; FilSLE A iX
4 NG FAE/INEEBE R AR R, H R (2354l , 95 Sigma-Aldrich 24H]) ; NaH'?CO, FINaH" CO,
("CRFEAE99% , K F Sigma A F]) 5 AUERIMRLIEW (£ Sigma-Aldrich A7) 3 KB N
a4l ( L [E Tedia NI DI
2.2 ZTWHE

JINGE BRI R R AR ) LI A AN R SR MK S bR S AR AL RLUE , PR 0. 45 pm i
PR 2T 24 1 55 1o 98 I I AR 3 ok K TR, 1% 3R MR B NMB, 15 5% ( KNO, 100 mg/L, KH,PO, 10 mg/L.,
Fe-citrate + 5H,0 3 mg/L. VB, 6 nug/L.VB,, 0.05 pg/L) ., #IIHEF A 6 x10°cell/mL, 5 37 i
(20+2) °C, G HEBR B 95 1 R 3000 ~4000 Lux, YGRS R 12 b 12 h, BRERSN 3 ¥ SR A ek 4ok &5
T, e RS A K AT S I K i 025 51 30 4 1000 mL ST P, B 600mIL 33, I3 %
2 KRB 15 B, H— KA A, B, C, D, E5 N/NH L FHMA 3 475 5 KRHADA,, B,,
C,, D,, E, 5 4/NAL BAMA 3 P47, RSP EACO,, H THEDC MPRICRER, B & 5
N,30 min, HEAHH TR CO, , 585 , 55— RABHE HIA M 0. 6 ¢ NaH"” CO, (P C JEFE5r 58 99% , £
FESigma 23 7)) PEAT° C N TARIC; 26 KA BN 0. 6g NaH" CO, VEMXTIRL, MEFELI G K
B W HE T 8 B, R 7 1E 3 B RORAE  Fr2e 281838 A N, DIMERP K CO, PRBE . B0 2 RIHEE 1
UL TR A FILA, 41,56 IR B B, 41, LAMCISHE | i 22t 5 Wk, HIOGR B AE 5000 r/min /Y
FAF R R B OARGEE R , T B4 K UE 3 Yk LA L BREEIAR R IR B 1 NaH" CO, A1 NaH" CO, , #FE-80°C
ZU BTG &, SRIGFREL30 mg BA, A 121 &5/ B ER G (V/V) 2EUS R, BT,
B0 I U e R B S BB AT ROR - TS AT
2.3 LC-MS &%t

O3 5% . A UliiMate3000 S A (3%, 3813 Hypersile Gold C (il FEEFT43 85, IR 45°C , i
SIAH A HHEEIK (1:2,V/V) FF4N 0. 01% LiCl /BN BhES AL B i Jot s W ShAH B by Y -5 TN BV T
(1:3,V/V) JFUIn 0. 1% CHOOH fE N BB FAb i i, VERAREEH .0 ~3 min,90% ~50% A; 3 ~
10 min,50% ~0% A; 10 ~20 min,0% A; 20 ~20. 1 min,0% ~90% A; 20.1 ~25 min,90% A. WK
0.2 mL/min,ﬂ:ﬁé%ﬂﬂ 10 uL,ﬁﬁrﬁ#%*ﬁﬁﬁ%ﬁ 0.2 pm i S uR (3% Millipore /A\ﬁ‘l) o

it 254 2R Q-Exactive PURKAT - L 7 038 B =1 3 9 B AN, 4 1/ £ B8 AR (e
Fil:m/z 100 ~ 1300) ¥4 43 BEF 2 50000, [ 3l 25 4% 6l (AGC) HARMH 10e®; SR FH A o s 257 i 25 Y4
(ESI) , W25 H1 6k 3200 V, B AR IR N 280°C , 8 SE (N,) 35 arb, Sl B SUE (N,) 15 arh, S 4L
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TR 350°C ;5 HRI 2 Buil v % m RE S i, Al B S 70 ~ 90 V AREE AR IR I AMR A TR IE
TEIE S TR IETE B m/z 138 ~ 1822, FEE 514 Caffeine . MRFA peptide ( Met-Arg-Phe-Ala) Fll
Ultramark 1621 ( mixture, fluorinated phosphazines) ; 71 F#0 N R IEJEEIA m/z 265 ~ 1880, FEE i/
A Sodium dodecyl sulfate ,Sodium taurocholate 1 Ultramark 1621 ( mixture, fluorinated phosphazines) ,
2.4 HIRAEMEERHEAE

i1 Thermo Scientific Xcaliber FAF#EA T8 70 #7 , 7615/ f B FHRLUT RG24 AP R 208 — s
(MS/MS) Z& {4 T AAFAE F BOMA B I 1] HEAT A2 4 53

TS CARICHY BARAEE S AN PRI TR LA, 75 328 450 (ng/mg 3K . SRR E 1t
INFE A B2 MR 1 Bbric i, MR AR IC R (B C Arid Eisr FRvE S EEZ ) o

3 RS
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Fig. 1  Growth curve of Niizschia closterium f. minutissima
3.2 FEHHECCHIZEMASIERENEESEENTER
3.2.1 FABH CIRELMXABERENEESTER KEUsEm "7 e raWhm TN
P SRR Z A T 206 1 E Rk #E AR T BOE BRI INA & A C A TCHLER , s 2R
FAREFRW R C R SR A BBR 2, DT SE B e TR A VE BB 192 € R R ZFAmid . X R
I C oA CO PR R A HT R B8 C ARl BRI IE2E S RIFRIH C G S BE 2 AR L, E AR [ 64 O BE B
], 7E— 2 i b2 B — R R e NPT S P BRI M T R A B DU SO A VR G, BBk
FLBEH I 8 (MGDG) | ACEFUMEH I — % (DGDG)  #i AL 5 B2 H il — 1 (SQDG) . B IE Ik H i
(PG) (£ 1), HixEgpt " C B BARC(E 2) , B2 CARicgs R, 54h, X 4 kg
TE s i 36 25 H A E R B (81 3)
3.2.2 FABESCHRIEXAERBNEENWER SHCHET IR E " hE 3 ]
L IEIE B TRER  MGDG BARIE RS 7 R Beh [ CoH, O Li | HAB A B T m/z 227. 1098, Hibf kS & A
9N C,ATRES A 1 ~9C #° C #nic I, 5 BUAH N 09 R 1E A Bt m/z 228. 1133, 229. 1148, 230. 1109,
231.1139, 232. 1268, 233. 1299, 234. 1230, 235. 1367 #1 236. 1401; i DGDG ¥ %5 fif F Bk
[CsH, O, Li]", H m/z=389. 1628 , HA ML 34 15C, ATHEA 1 ~15C HE°C Aricd, i BUAHR B4 AE - BE
m/z390. 1670, 391. 1701, 392. 1745, 393. 1664, 394. 1695, 395. 1732, 396. 1769, 397. 1825, 398. 1854,
399. 1884, 400. 1941, 401. 1978, 402.2008, 403.2036 F1404.2119, {EGE T, SQDG AIEE F
Bt H[CH,0,S] Hm/z2=225.0065 , Btk EBAY6C, ATRES A1 ~6CHE" Chric b, H BRI R A 45 AE



H11 4

SRS AMEBDCAEINRY C RE IR AL 3R 58 i /T

1701

F1REERARIN RS AR R

Table 1

Photosynthesis lipids detected in diatom

Monogalactosyl diacylglycerol
(MGDG)
AR RS (sn-1/sn-2)
Fatty acid chain(sn-1/sn-2)

Digalactosyl diacylglycerol
(DGDG)
NRIFREE (sn-1/sn-2)
Fatty acid chain(sn-1/sn-2)

Sulfoquinovosyl diacylglycerol
(SQDG)
R ifR%E (sn-1/sn-2)
Fatty acid chain(sn-1/sn-2)

Phosphatidylglycerol
PG

g Wi TR%% (sn-1/sn-2)
Fatty acid chain(sn-1/sn-2)

16 :3-16 :
16 :3-16 :
20:5-16:
14 :0-20 :
16 :2-16 :
20 :5-16 ¢
14 :1-16 :
16 :2-16 ¢
20 :5-16 ¢
14 :0-16 -
16 :1-16 :
20 :5-16 :
16 :0-16 :

_O = = = = O N WD W

20 :5-16:
16 :2-16 :
16 :1-16 :
20 :5-16:
16 :1-16:
16 :2-16 :
20 :5-16 :

S DO == =N

16 :3-16 :
14:0-14 :
14:0-14 :
14 :0-16 :
14 :0-20 :
16 :1-16 :
16 :0-20 :
16 :0-16 :
18 :1-16:
18 :1-18 :
16 :1-20 :
16 :1-20 :
14 :0-16 :

—_— Rk W O = = = DD = N

16 :1-16 :
18:1-18 :
20 :5-16 :
20:5-16:
22 :6-16:

—_ O = = O

BN C AERAN C A P 4 kR A P ARG I ) E AR T A 152 (ALL kinds of lipids above were detected in the two diatom samples added

with 2C or 3C)
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Fig.2 First stage mass spectra of four photosynthesis lipids labeled with *C stable isotope
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Fig.3 Molecular formulas and characteristic fragments under tandem mass spectrometry of four lipids

a. Molecular formula of MGDG and its characteristic fragment, [ CoHys O4Li]*, with a singly mass-to-charge ratio of

227.1098 ; b. Molecular formula of DGDG and its characteristic fragment, [ C,sHysO,, Li]*, with a singly mass-to-charge rati-

o of 389.1628; c. Molecular formula of SQDG and its characteristic fragment, [ C4Hy0,S]~, with a singly mass-to-charge ra-

tio of 225.0065; d. Molecular formula of PG and its characteristic fragment, [ C;HzO4P]~ with a singly mass-to-charge ratio

of 171.0056.
Bt m/z226.0095, 227.0126, 228. 0170, 229. 0196, 230.0235 Al 231. 0267; PG J& i & 4F A B
[ C,H,O,P] H m/z=171.0056 , e MELEBE A 3C, 1 ~3C nJRERL" C Fric b, HBUAR R (4R AE F B
m/z 172.0089 , 173.0124F1 174.0155, H4MIF5E &L MGDG, DGDG, SQDG Fl PG H)A4=¥)& ikt . #i
JE e A BB H I AT, A A R AR, PR AN B S S 2R T LA R A X
4 LA PERR T BRI RREE R S8 TSR BB i, DRIt , AT DASE b R PR A A REAE 7 B, X C B A
e EAI425 SODG, PG, MGMG H11 DGDG #A75E 4317,

TEA AL G Y A HRRRE 5 B Bl 22 s SRR 21 (Y 28 HEmf e 1k . H TR
A 3B IR 50000 , T AKRHE 6 2 - R B T et gl o] DAARAR % AT R T R AL, 45 A IR
BF ] S50 AT LA A ] — % B B [) 7 88 2 A5 A B Bk 25 1D (9 [l — A 5, DT SR S C R4S 2 A
WY E R ST, VL 16:0-16: 1SQDG SR (&l 4) , fE 0 8 7T, S BOR R ic A i 19 BB 1 &
(TIC) (Kl 4a) ,JEXSPREAIE] 7. 72 min \m/z 791.4960 (&1 4b) 19535 B T #EAT —BTi% 70 Hr (K 4c) R
PZ P 7= A 0 R AE B T R BE (m/z 225. 0065 ) A e P 25 A e AR BB F [ M- H - R,COOH ]~
(m/z 537.2737) FI M=H-R,COOH ] ~(m/z 535.2731) , %2 HiZ Wi}y 16:0 ~ 16: 1SQDG, FH#R Ebric
FESL Y TIC B (] Sa) b Al O B8 B ] 9 i 1 ( 1 5h) 48t 49 C Amicad A RRIE 65 1 Ay B2 L 5
FREI(EIC) (K 6) B 7 A AU B in B A AR e 4RE b He A By 16:0-16: 1SQDG H, Bl 6. 333 x
10° B4 B Fm/z 226. 0095, 227.0126, 228.0170, 229.0196, 230. 0235 #1231. 0267 Y 6 i i FH
AR C FRid £ 16:1 ~16:0 SQDG fIH, B4 2. 703x10° | JE Tt a8 HZ A AR R 4
42.7%
3.3 TPAEHXSEREX"C IMEWEEFEE
FIFH LR 5 1 7 R A 458 C BRid B SQDG 4r F B S, B SQDG #idwic -

() el i, PR RTAR 7 (3133 th AN [R5 32 1 SQDG bric & A8 fL (B 7) o [AIAEt v] ATHAE 55 48 3 280
HYERREbRC AR (K 7) o E 7 AT 0L 2238 F- 15 1 DGDG (PG \SQDG 357 C Aric i) S it 2 B i
Je B IHE NIRRT RS 8 Rk B KA, H 8430 0 (173+24) ng/mg HEM | (473+41) ng/mg
Ry K (1224421) ng/mg BEHT; 1 MGDG #% " C FRic LAY e, Bl ] A9 $E 4 S R T34 IR FE S
10 KL% T (956+51) ng/mg #Ekr,
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100 a S
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=
= 40f
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0 ) ul 1 1 1 1 1 1 l L\
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1001 1225.0065 c
—~ | QI 5 12
S 80 |icatost ESI- MS-MS (°C)
§ 60
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R [M-H-R.COOHT 537 3737 e
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4 T | 5352731 d
1 1 1 1 1 1 1 |
0 250 350 450 550 650 750 850
m/z

B4 G PR RFRICHE AR 16:0-16:1 SQDG Y4524,

a, BB TUIE; b, RT=7.72,m/5791.4960 I—H B R 5 ¢, m/z791.4961 () K FTEIA,
Fig.4 Identification result of 16:0-16:1 SQDG in negative ion mode of unlabeled sample

a, Total ion chromatogram; b, the first stage mass spectra of ion with m/z 791.4960 at 7.72 min;

¢, the second stage mass spectra of ion with m/z 791.4961.

100 a
sok ESI TIC(°C)
60
m/z=791.4961
401 777

20

1

Relative abundance ( %)

i i
0 2 4 6 8 10 12 14 16 18 20 22 24
Retention time ( min)
- 791.4961
100 b (M_H]
S0k ESI- MS(°C)
60
401

0 ll . |

1 | | 1 1
250 350 450 550 650 750 85 900

m/z

Relative abundance (%)

5 SRR AR SRS RS TR (a) AT RT=7.72 min BY—Z5HE 14 (b)

Fig.5 Total ion chromatogram of labeled samples in negative ion mode (a) and the first

stage mass spectra at retention time of 7.72 min (b)

TERRUR FE A S AN A= BRI RE IR 5 0 2% PF T, ik v v LA 3k 4 6 55 5 v ) 28R £ 1 P e B 3R W v

(1 HY CO; iz B 40N , SR 5 TERR TR T B i 7 R R e Ak ™ o, LSRR, fJm KA N g
T PITIHE C ARl ERITE G A E IR IR [T, R I, B BT IR R AR, BECC AR
0 B A ZENR 0 A B NI e S C XA IEPRIC A A TR, ATRE S B AR h P C R
NERZ B R AR M N R A K, T3 AR BN G5 4 ~ 8 K, £ AH [ B I 8] (54T 3 /2 SQDG
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C Stable Isotope Labeled Quantitative Analysis
of Photosynthesis Lipid in Diatom

ZONG Chun-Guang' , LI Shuang'?, XU Ji-Lin*', LI Yan-Rong', ZHONG Ying-Ying®,
YU Xue-Yun®, ZHOU Cheng-Xu', YAN Xiao-Jun'
"(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China)
*( Ningbo Entry-Exit Inspection and Quarantine Office, Ningbo 315000, China)

Abstract The diatom Nitzschia closterium f. minutissima was selected as the object to study the C labeled
extent and speed of photosynthesis lipids by ultra high pressure liquid chromatography coupled with quadrupole
orbitrap high resolution mass spectrometry. The results showed that all four types of lipid were labeled clearly
by C within 10 days in the stationary phase. The total labeled amount by "C of digalactosyl diacylglycerol
(DGDG) , phosphatidylglycerol (PG) and sulfoquinovosyl diacylglycerol (SQDG) increased from entering the
stationary phase to the eighth day, but declined later. And the total labeled amount of DGDG, PG and SQDG
reached the maximum of (173+24) ng/mg, (473+41) ng/mg and (1224+21) ng/mg on the eighth day with
the labeled rate of 56. 3%, 38. 4% and 62. 6% , respectively. The total labeled amount by “C of
monogalactosyl diacylglycerol (MGDG) showed a continued upward trend during the 10 days, and reached
(956+51) ng/mg on the tenth day, with marked rate of 87.3% . It was suggested that the synthesized time of
different lipid was different. Therefore, for studying assimilation mechanism of microalgae lipids by marine
organisms, the lipid content that labeled by " C should reach the maximum. So if for DGDG, PG and SQDG,
we should choose the diatom labeled 8 days by “C to feed the marine organisms. Meanwhile if for MGDG, we
should choose the diatom labeled 10 days by “C to feed the marine organisms.

Keywords Nitzschia closterium f. minutissima; " C stable isotope; Quadrupole orbitrap with high resolution

mass spectrometry ; QQuantitative marker
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