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i E LU/NHTAZEIE#E (Niteschia closterium) 323 AEY), 76 96 h SUPEREME L6 444 F , BB R R M 1Y
180#REHH AT R (WAF ) , 43 HT/INET H 3201 B0 A PN S SR A 0T 35 e i 28 k. 25 SR R I I o B 7 Bk i) 348 o
Yo BRA (Cul) FMILHRE WAF (1% F1 3% ) HIN & MR A R AR & w2 L a3 M 7Em RE WAF(5% 7%
1 10% ) 20 N SRR TCHH AR fh ka3 | 20 402 D) S22 S R AIC S T v ) e 3 e kT SR L 0 IR B WA 2 (19
3%) T, P A X B o B b A (B G gL T R WAF (5% 7% F1 10% ) T, 28 168 35 5 AR vk & AH
AR WAF WEJE T, MU o 15 0 357 6 25 15 75 Ao ) Py B8 00 1T 8 o 7 R 4 808 1) A8 A6 T 45 I S A
I, AT 2 B0/ INE A ZETE 3 N 14 5B LR X 180 #RII 3 B E A U e AL BT | R A A M 35
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Effects of oil spill on the relative abundances of
amino acids in Nitzschia closterium

LIU Yu'?™ LI Na' LIU Yuxin' LOU Yad;'

(1. College of Environmental Sciencé and Engineering, Dalian Maritime University, Dalian, 116026, China;

2. Environmental Information Institute, Dalian Maritime University, Dalian, 116026, China)

Abstract: Niizschia closterium: (Vs closterium) was selected as the test organism to study the toxicity
effects of 180 # fuel oil water accommodated fractions ( WAF) during the exposure time of 96 h in
the present study. The relative abundance of amino acids in the cells of N. closterium were measured.
The results showed that the relative abundance of alanine (Ala) and histidine (His) increased with
increasing culture time in the control group and low WAF concentrations ( 1% and 3% ). However,
the change of Ala-was not obvious in the high WAF concentrations (5%, 7% and 10%) , and the
abundance of His first decreased and then increased. The relative abundance of cysteine ( Cys) in
the control group and low WAF concentrations (1% and 3% ) decreased with the increase of culture
time, while variation trend was opposite in the hich WAF concentrations (5%, 7% and 10% ) .The
relative abundance of proline ( Pro) increased with increasing culture time in all the WAF
concentrations, and the change of aspartic acid ( Asp) was just opposite to the trend of Pro. The

study shows that the main amino acids in N. closterium are sensitive to the 180 # fuel oil WAF,
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which can serve as the new approach to monitor the marine pollution caused by the oil spill.

Keywords : amino acid, Nitzschia closterium, WAF, oil spill.

Bt v s T A B R A A T I X T A T AR R S L R OG T A S ek i
TG B FEPERON BIFSY, AR v S B 3B A RORE G T 7 et X A e 1) 2k B 1, 4
RS RS I PR O AE AT RIS YY) T 96h-EC, BEPERN ; 7 MR HRIT 0 4L i 1 4 K 3h
T1FASERL ; A TS TR B 1 -k 2R R S A B A e T A 3 T 43 BG4 #E M it
FMR FEFE THMAE R AR a & N EC, S S BORDE0 A= BRA AL 48 45 1Y 4R 5T, SR T X
SESHTFAN KR LA I Y6 Vi ) e A B AR AL

TIFFE 8 WA T 2 50 Wi Y 07 90F AL 00 A2 PN 1 JB ) 5 G 23 DAL T sz ke 24 0 A g g R A R
B BB 2 2 11 R S A G I B R AN AL S AR A AP R SR AR T R AR A R R Y
PEFHY B HURTAEDT T 8 ol ok e 2 12 21 o L 091 B e W e 30 60y A S B R 201 L, & IR 8 11 Ay o R 1
B T R BERR A U3 P A A 2t R TR R %) — A B 2 PR 3R U 2 2 W 1N B E T 7 A AT
15 Y B R T B — LAY, YT RS2 B vl 75 eI A R e A0 RS AR G b AR &R TR 1 S g
FRGEAEME 0 A AR P RS | S50 A v 4 T e 5 2o A 22 B 5 ) SR S M BRBE TR 1) A RN 1K
PR DY 308 38 100 Y i R VRV T 2 R R 5 S RS I T SR AR R Vi T TR e MR R PILBE L  1 JE

Ui OV AR S R B R TS 205 R A B W EE b | BROR TRV A BT KA R Y
AR5 (water accommodated fraction, WAF) "' 2 F 325 52 i A= W) 4 i85 PR IR A S 36 26 1 180 #9%% K}
MBI (WA ) M 15 3, R 58 HO /N H 228 e i) S R s M ROW Sl i GC-MS I g /N H 2298 i
T PN R SE TR AR B S Ak, 118 180 #IR kMM WA Xt fal i ey 2 36 18 45 Ak i) PRS0, , E W) 4R R
SLREPEXT 4 L P R A8 Ak 1) A AL LA oA S X P2 i A= Ity >k 1) A8 3 S (i — T o A T 93 A2

1 #BS 7 ( Materials and methods)

1.1 Bk

S FH /NGB A 22 0E i B S PERR BRI P AR AL KR FRTE NN Conway & FRICFNZEAE 2 1 K
R VK H IR B R PR A R SR, pHi= 8, 3R R 35%0) FEJGTEWIN 12 1212 D, G REERE 3000 Ix, I
FE(20 = 1)°C, B H BEYLIRHHIEIOFRE 3 4 YR E WA SEI0 AR, T3 24028 2x10° mL™
1.2 SEE 5k

180 #AKH 73 T ( WAE) il 45 - 180# FARHM: /K = 1:9 BEIHiHE 24 h 5, ##& 4 h, RHATITW20k
BT ZWAR A C R BB X AR 5 2V BERS BE, 20 0 1% (0.03 mg-L™') 3% (0.09 mg-L™") 5%
(0.164 mg-L™") 7% (0.230.mg-1."") .10%(0.295 mg-L™") , LA FAE4143 5% & 3 41747,

1.3 5

FILFRBRUE S, 4l =98% ( Sigma Aldrich) , B ( HPLC , Tedia) , 4 Hl k¢ (HPLC, [ 25 4E H k21
FIABRAT) , LR K (HPLC, Tedia) , P EE( HPLC , Tedia) , MEIE (aladdin) |, VA% BESE (aladdin) | 5 1%
B4 (aladdin) .

1.4 IR

S AR 24 h XSS 1) Whatman GF/F £ 4E 38 IR & /N H 22 T8 36 W, A 60 °C LA
HET 48 b, T ) (AR s A5 0 2 Wi e A5 1.

YRR B MR PR vE i 1 AR i 40 mg BT pyrex iA5 W, A 2 mL 6 mol - L™ YRR, [m]
BErep N1 min, S84 B A 02 SR B, 110°C K 24 h.

ASLE A ] GC-MS( Thermo Fisher Scientific ) 343 T & FEMR , 15 Z FE R AT A= AL B AH XTI A8 N 18
FE,O-F N EERR (NPP) BT VL AT . ) & SR AR I i s B B R i AR S A 2 mL 5 F 5 N B (1)
1 mol- L' AL 100 CHEAL 1 h, B ZIEJE 60 CIRFE ST, ¥ 515 M IR i, AR ACHT I Bk
A 60 CHBEAL 30 min, S 58 2 e R 20, P 2 mL &G, ITAE] 6 em BERZATH (A
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4 mm,200—400 H ) B 2% T 24 AL 7], W 20 VR AR AR 200 T IR AN N, Bk ik 1)
A9 ,200 mL 22 2156 8 2.
1.5 GC-MS Z#r

1.4 TR 1 mL S EEEREE T DA 20 AL He (99.999% 46 B2 ) 1E A 283 (18 52 it
AR T 1.2 mLemin™") (9 DB-5MS E 4454 (60 mx0.25 mmx0.25 mm) I T4r B AA. T A B8 Hy
280 °C.LAHLFHLES (ED) BCHEF T 4307, 9F HAE 70 eV AU FRER T IREE MS 15

A 3 X v i 0 2 T A B 16 R R A O B AT | DA 33k B0 B4 At (] 4 Ry s v ] R B 4% R
LT A= 1y H 08 A EL A RS ) AR A 0 AT RR | SRS L A8, W LAAS 31045 A SR A AR G 5

2 5 5718 (Results and discussion)

2.1 WAF XI/INg H 2288 A K 2 )
/NHT A 250 R R AN MR B T e A K A B N BB R (D 1), #4540 B2 A0 i 2% 3 12
BRI, I A BRI 2B WAF Y BE A FH T3S K, 96 h 4514 T Xt /INGi H 22T B i i 22 430
5.73% 12.85% ,14.78% .18.65% 34.90%.WAF fIlHk B (1% F1l 3% ) 20 HA7 W tub fie ok 38 4 A A R ke 3
WAF B (5% 7% 10% ) %) 35 20 il 5L A 11 ] 7 FH1. Morales-Loo F1 Goutz""*! 1A 2y 7K A= BRES o (19 47 ih ¢
SALA PRI REXT B AR A — S, A1 ] — S SR A 1) A T IR T 32 MR AR i AR K WA &
W SE (5% 7% 10% ) KRG E T I 3 A K AU WAF IR (1% M1 3% ) b B 2% 1F R i -4
Az K 85.069% .01 5 2511 A5 5 1 o ] 7 A1 DR SH 40 HBOROX /N T A 28 T v A0 L B B RS R, 7F WAF
(<1.0 mg- L) MRMEBEVE TR, 6/ INEn H 25T A (i F A 4 R i 95 @ Wk B ( =5.0 mg - L") Ul fifi 35

YA A A A2 B, S5 AR S B A5 R AR
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Fig.1  Cell-density of N. closterium in each of WAF concentrations at different times

2.2 /NE A ZEE BT AN X S o b

7596 h SVETEPESCE & Gl GC-MS 1/ H 22 s th LG 16 MREFEMR (1 2) , 705l
N (Ala) H 2K (Gly) SR (Val) 522K (Leu) 558 2K (Tle) 2R (Pro) \ K& &R
(Asp) IRZMR (Thre) (22288 (Ser) FEZAMR (Met) AR (Glu) KN EM (Phe) SEPEETL (Cys)
IR (Lys) A2 (His) 28 (Tyr) AN 20 KRR IR R 2 B iR 12
R 55 7 i G HER AR X 5 fa LUy, TP Oy 2 B R A . E R A6 2 5T 1 7 R rh 4% i B
R AL, 300 R 28R A 28 IR M58 SR ot B e, A I 2R | PP 2 T 2L 2 R 2 I 1 5 B K.
ER PRI T 3 A 2 Fh A A RSB AR, b 3 AR LU ER R KA R
MR AT RAPRR AN IR N 3,2 BRI e LU IR AR AT R R AN TR 280 5. 1R T e MR S Vi
RIERRM A — 2 2290, ELAS TR S Al 2 10 ol R LR LS A 22 51, IO M B A 37 07 vk LA
JURIE, B LA ) 2 S IR A S Ay 22 57
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B2 96 h PEREVESLE T /INET H 2208 B FERR 2 MR 52 ] ( Box-plot )
(BT HEL AR RER/ME, JrHER S 25% 2] 75% BUE R, J5HE N B B L0 T8, 250 508 FEWE, S0P (E)
Fig.2 Composition of amino acids in N. closterium acute toxicity experiment with boxes plots at 96 h
(The upper and lower whiskers indicate maximum and minimum values, the boxes show the 25% and 75% percentile range,

and the line inside the boxes shows the median. The empty dots show outlier values, and the solid dots average values)

R 1T FNEL 3 AT Bl 15 55 sf () A | X6 HRZH 1) TR R AR OS5 Tt 11.01 %38 N 22 48.80% , 5 155+
A RAFRYZRPE R (R =0.9526) . WAF I BEAL (19 1 3% ) PN &BR AT & fe g A 3 i , 58537
A R AR P56 & (R*=0.9969 Fl R =0.8751) fH/& WAF EREELL (7% M 10% ) , N Z R A X &
BT PR AT WAF R 2 2H B AR X & 1 ELAE A WAR 2073 1 | P22 R B A R 12 4 R0 T % e
B35 5 5 (R RE G 5 f 2 PR A S Pl 5] 4 R0, 7606 BRATAT WAF (IR BE4L (1% F1 3% ) |, P bt 22 AH
Xof 55 i B TR AL DT80N, 1 WAF (&9 22 (5% (7% 10% ) , W] 5540k BE #a A0 Sz R I 2R 5 1
A T 3 I TR T, ] S a2 e R %ot R 2 HP P R R JOE SR AR X A i 3
AHIZ , PR BR I A R M 1) T2 e 2R 1) A B AR, 7 WA IRV B 2544, HOML Rt 5 06 BB 2 AR 0. i 7
WAF B EER , 22 X i3 K, TR 2l AT 1 S AR A A 3 AN U &8, s st P9 (15 7T 22 vl T I i
PR A I, BRI AT AN TR WA 88 0 ST ] 5 e s A L R 22 R PR 15 LB A A B % fh 81 5
AT, IR R AV B WAR AL 2 AH 0 25 s B 72 e RIS s K (R* =0.8112).

FT 14 FhEIERRARE M2 7 R AR OC R B

Table 1 Regression equation and correlation coefficient of 4 amino acids

. NEIR Ala & #2 Pro
Pt
WAF St P HERH S e RA
Regression equation R? Regression equation R?
Curl ¥=0.4907"x-0.5337 R*=0.9526 y=0.0673 x+.9963 R*=0.9320
1% ¥=0.258 x+0.2218 R*=0.9969 ¥y=0.0911 x+.4953 R*=0.9217
3% y=0.1669 x+5.8956 R*= 0.8751 ¥=0.1019 x -.3106 R*=0.9581
5% y=0.0827 x+2.6101 R*= 0.9502 ¥=0.0526 x+.7647 R*=0.9984
7% y=0.0134 x+7.5184 R*=0.2147 y=0.047 x+4.5645 R*=0.8907
10% y=-0.0042 x+6.2494 R*=0.0112 y=0.039 x+4.7216 R*=0.8112
SR RAHAM Asp LR Cys
WA SR R A LM B R
Regression equation R? Regression equation R?
Curl y=-0.0742 x+8.0553 R*=0.9621 y=-0.1722 x+21.133 R*=0.9036
1% y=-0.0342 x+7.0060 R*=0.8363 y = —0.1421 x+18.467 R*=0.8645
3% y=-0.067 x+9.14970 R*=0.9614 y=-0.1601 x+23.329 R?=0.9936
5% y=-0.0796 x+11.229 R*=0.7687 y=0.0783 x+12.128 R*=0.7740
7% y=-0.0436 x+8.6833 R*=0.8925 ¥y=0.0825 x + 11.303 R*=0.9031
10% y=-0.0775 x+9.9677 R*=0.9185 y=0.0645 x+9.984 R*=0.9542
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H1 11 9 AT, FEXT HRZH T WAF IV BE 20 (19 R 3% ) | 2H 2 R 9 RE AT % ek BB IS [R] A2 T AR 7 vy
& WAF (5% 7% 1 10% ) T , 2 BRI AR &5t Bl 15 R s 1] 38 0 S Se i Tk e 3. ol T 21 R
A AR R, 78 AT b A A R A A S-BERR AN, P S-BERRAZ R B A i R
T A R SR A L — | HBo HAD R EERR S 5 O, A W R T, 2H AR X 5 i A A X 7
IERREFRIS T, AT AE R B AR & B B, AR 5 B, AR J5 WG 3R, Bl AR i 32 s o, A
111 2R A KA., (AR 5 1 T

40 His Cacul 2Aa1% ©33%
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Fig.9 Relative abundance of His in each of WAF concentrations at different time

3 %51 ( Conclusion)

FEANTRI AR FE 180 #0RNH WAF Bha R, #R5E /I A 22T 2 Pk s P 5256 23 A & IRAE T Y 8 /D
A ZE T A AR = 0 (R B IR ) ) 340, 76X B2 ARV B WAF 4 (1% 1 3% ) N2
TR AF T 25 55 1 SN B) S E A D6, T 78 2 WS WAF 20 v P9 20 e A X 2 TG B S 28 b 8 1 4% Wk 3
JETF, B 25 0 (R385 0 Al S A X 5 1 i R A% S R A X et AR A 5 T R A Sz e X R I R
FE WAF (1% 1 3% ) 28 v, 2 e 201 0 ARG B 2 Bl 5% 5 EF () 384 00 10 /0N, 177 75 MR B WAF (5% . 7% F1I
10%) 4143, W S5 e B R SRR 3k BR AL RIMIG e B WAF (1% A1 3% ) 24150 F , 20 % R AR G5 B B st 1)
BT R T R R FE WAF 2H (5% 7% 10% ) , B35 55 i (6] 38 0 52 S B AR 5 o s ) i 3 T 454518, 7
T TR AT BN 22 Tl A A R i R AN R AR (R R, SR = 2 1) D PR ] B8 2 ph T Bl
2 Yok T AR P S LR 5 IS AR R R AN [R) AR 2516 1T A A il 7 G A 25 W T 4 R 1) St 858, (TRl vl Ay
HE— 2D RS i AR (R 1 1 AL 25 e .
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