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Fig. 3 GO enrichment analysis of the chronic toxicity treatment groups
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23 REBUESMRERRKIAER KEGG pathway I BP0 AN TR, Sk ARG
BEESH AT 4 5 BN AR . RA AR =2 R
XIRFAE AL BRI R RIKE A BT B WRER-BERE . NEER] . BRI
KEGG &40 (K15, K 6), W2 Fhaptbabsis] i T I8 A s R A A E 220 H A IR
BB RRE, FENEREOACHE . PUERIAEY A GE RO 2 AEEAE 2
FeEb iy, I A SRR A, 120 MBI MME AR R R, g, S
TR RIAISCHAT 2 2500 MR BRI T R PRACIRASRS BT 12 J01 9 S i B AR A



i SN /AN | S 9 oxx &

—log10 (Fisher' exact test pvalue)
0 05 10 15 20 25 3.0

_
2

NN B- LR LA AR A

Fatty acid beta-oxidation using acyl-CoA

ok AR EDI R R

Carbohydrate denvauve metabolic process

WAL A DRTED D A i

Carbohydrate derivative biosynthetic process

A 2 T2
Intracellular protein transport.
HES S
Vesicle-mediated transport
HALG i R

Nitrogen compound metabolic process

p ekl ) A A AT

Wi Biological process

::) Photosystem I reaction center 1.82
=
S fEshae
% E‘ Membrane co’at L71
23 R LB RS A 147
5= Clathrin adaptor complex .
=
= COPIE{IAhE
3 COPI vesicle coat 1.38
FOESE A AL U R 2.88

Acyl-CoA dehydrogenase activity

AR ISEETE, fEH] TCH-
Oxidoreductase activity, acting on the CH-

2.15

JCHL R A 1.79

g Inorganic diphosphatase activity :

g R TR
% é Glutamine-fructose-6-phosphate 1.62
=
M-LE wKE R 1.62
X Bt Carbohydrate derivative binding

z BB TAE

= Magnesium ion bimlililf:g 1.46

B RM- A A MG
Glutamate-ammonia ligase activity

PR IRIES AR S

Flavin adenine dinucleotide binding

1.38
1.31

—log10 (Fisher' exact test pvalue)

(®) 0 05 10 15 20 25
po—— T T T T 1

2 [EU

§ Protein folding 1.6

o

& mRNAR PR

3 mRNA catabolic process 1.54

‘&

2 BRI E

.Cg Carbon fixation 145

i AN SRR ) A G R

b Cellular amino acid biosynthetic process 1.38

B -

it ATP/K A& 3 738 56 1.30

ATP hydrolysis coupled proton transport B
2 JEFEHTVALATPRE, VI 2.16

% E § Proton-transporting V-type ATPase, V1 domain °

E]
23 ¢ W
=0 s Cytoplasm

R I A L A

Phosphoglycerate mutase activity

Sr T AR T

Intramolecular transferase activity

L 4 RS 1 R
Calmodulin-dependent protein kinase activity
LR 145

Calmodulin binding

T 22 R 9 AR R R 1

Protein serine/threonine phosphatase activity

R N B (LR A

Phosphoenolpyruvate carboxylase activity

STt
Molecular function

4 RMEHHELESE GO BRSNS

Fig. 4 GO enrichment analysis in the acute toxicity treatment groups
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Fig. 6 KEGG pathway enrichment analysis in the acute toxicity treatment groups

F2 AMESEBHENMEEXNERRIZER
Tab.2 DEPs associated with the stress response from petroleum hydrocarbon pollution

EED 2R EqEPiEi b1 2/1 HEFR 2/1 P8 3/1 31 P1E
Protein accession Protein description 2/1 Ratio 2/1 P value 3/1 Ratio 3/1 P value
i 2 P450
18479135 Cytochrome P450 0.199 7 0.0122 0.4552 0.0612

PR E 70 (M)

908309951 Heat shock protein 70 (chloroplast) 1.18 0.762 2.148 2 0.0106
MRTEER, W

220971590 Heat shock protein, partial 1.668 8 0.009 92 14015 0.026 6

397614868 W ZE THAOC 16293 14271 0.017 1.037 0.68

Hypothetical protein THAOC_16293

e BHNEA ID: B APNE AN B WHIG TR AL B 0 B 22 5 5 5OR Pyvalues BT ANFUARIEREIEAL A S
ot BEZH B0 2 57 A KORT P values
Notes: The first column is the protein ID; The second column is the protein description; The third and fourth columns are the fold difference and P

value between the chronic toxicity treatment group and the control; The fifth and sixth columns are the multiple difference and P value between the acute
toxicity treatment group and the control group.
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Proteomics of Skeletonema costatum under contaminated stress by
petroleum hydrocarbons

CHEN Caizhen', XU Cuiya', YANG Fang', CHEN Yufeng', XU Yibin', ZHENG Shenghua', JIANG
Liangrong®, LUO Donglian'"
(1. Key Laboratory of Cultivation and High-Value Utilization of Marine Organisms in Fujian Province,
Fisheries Research Institute of Fujian, Xiamen 361013, China;
2. Xiamen University, Xiamen 361005, China)

Abstract: [Objective] To investigate the changes in the proteome of Skeletonema costatum under pollution
stress caused by petroleum hydrocarbons. [Methods] This study employed Isobaric Tag for Relative and Abso-
lute Quantitation (iTRAQ) in combination with Reverse-Phase Liquid Chromatography-Mass Spectrometry
(RPLC-MS) to analyze the differential proteomic changes in Skeletonema costatum resulting from chronic and
acute toxicity treatments with petroleum hydrocarbons. [Results] Compared with the control group, 112 and
169 differentially expressed proteins (DEPs) were identified in the chronic and acute toxicity treatment groups,
respectively. There were 40 overlapping DEPs between the two groups, with 20 of these proteins localized to
the chloroplasts. The upregulated DEPs shared five common significantly enriched (P<0.05) Gene Ontology
(GO) terms: carbohydrate derivative metabolic process, carbohydrate derivative biosynthetic process, inorganic
diphosphatase activity, glutamine-fructose-6-phosphate transaminase (isomerization) activity, and carbohydrate
derivative binding. However, no common significantly enriched pathways were found. The downregulated
DEPs shared two common significantly enriched (P<0.05) GO terms: ATP hydrolysis coupled to proton trans-
port and proton-translocating ATPase, V1 domain. Additionally, two common significantly enriched (P<0.05)
pathways were identified: ductal acid secretion pathway and antibiotic biosynthesis pathway. The heat shock
protein (protein ID: 220971 590), which is related to toxicity response, was significantly upregulated (P<0.05)
after both chronic and acute toxicity treatments. [Conclusion] The DEPs identified in Skeletonema costatum
under petroleum hydrocarbon pollution stress are related to the stress response mechanisms of petroleum hydro-
carbons. This study lays the foundation for understanding the toxicological mechanisms of petroleum hydrocar-
bons at the molecular level.

Key words: petroleum hydrocarbon; Skeletonema costatum; pollution stress; proteomics; differentially

expressed protein
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