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Abstract:  Sera from yellow croaker (Pseudosciaena crocea), which were collected from the cage-farming area of Xiangshan Bay in 
China during recovery process after the super typhoon “Krosa,” were studied by Ultra Performance Liquid Chromatography- 
Quadrupole-Time of Flight Mass Spectrometry (UPLC/Q-TOF-MS) using electron spraying ionization with positive and negative 
modes, in an effort to find potential metabolic biomarkers and reveal their physiological changes. After the UPLC/Q-TOF-MS 
analysis, Principal Components Analysis (PCA) and Orthogonal Projection to Latent Structures Discriminant Analysis (O-PLS-DA) 
were achieved using SIMCA-P for marker selection and identification. According to the data, the main biomarkers were identified as 
phosphatidylcholine and lysophosphatidylcholine. The others were characterized as cortol and taurocholate. In the whole half a month 
period of the study, lysophosphatidylcholine, phosphatidylcholine with higher unsaturated acyl chains (n > 9) and taurocholate 
showed time-dependent increasing trends, whereas phosphatidylcholine with lower unsaturated acyl chains (n < 8) and cortol showed 
decreasing trends. These changes in metabolic biomarker are attributed to corticoid regulation of lipid in Pseudosciaena crocea during 
recovery process after typhoon 
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1  Introduction 
 

The finfish aquaculture, especially the cage-farming 
aquaculture, is in the face of great natural hazards such as 
typhoon in southeast coast of China. Owning to the intense 
rainfall, typhoon will cause radical changes in marine 
environment, such as stratification of salinity, temperature, 
dissolved oxygen, and decrease of pH. Severe typhoon may 
significantly alter the wind power, ocean current and lead to 
the physiological challenge for fish aquaculture. Sometimes, 
high mortalities will be resulted in after the typhoon 
approached. In recent years, some studies on the influence of 
typhoon on fish ecological behavior have been reported[1–3]; 
however, the knowledge of principal mechanism about the 
fish response to typhoon has not been explained clearly 

because simulation experiments could not be achieved due to 
the complex factors of typhoon. 

Some hormones, such as glucocorticoids and 
catecholamines, have been used as sensitive biomarkers in the 
stress response of fishes[4–7], but their concentrations in fishes 
are so low that their variations are subjected to many 
uncontrolled factors, such as individual size, gender 
difference, and handling methods[4]. Metabonomics is a 
systems approach for studying in vivo metabolic profiles, 
which promises to provide information on the metabolite 
changes in an organ, biofluid, or whole organism brought on 
by external or internal stressors[8,9]. It can be used as a 
screening tool for metabolic responses of mankind, animals, 
and plants to external environmental stressors[10–13]. 
Applications have also been successfully realized in 
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metabolic responses of fish physiology, development and 
disease to environmental cultivating condition, chronic 
temperature stress, other pollutant effects, and so on[14–19], but 
to the best of our knowledge, the metabonomic analysis about 
complex physiology and metabolism responding to radical 
environmental changes of typhoon has not been reported. 

Typhoon Krosa was a category 4 super typhoon occurred in 
October 2007, which was headed with heavy rains to coast of 
Zhejiang and Fujian province of China. Just soon after the 
typhoon move away, the serum samples of cage-farming 
yellow croaker (Pseudosciaena crocea), which was the most 
important cultured finfish species in Zhejiang coastal area, 
had been collected in the course of fifteen successive days. In 
this study, the profiles of metabolite in serum samples of 
yellow croaker were investigated using Ultra Performance 
Liquid Chromatography-Electrospray ionization-Quadrupole- 
Time of Flight Mass Spectrometry (UPLC-Q-TOF MS) with 
multivariate data analyses to elucidate the lipid metabolic 
changes in fish serum during the recovery process after the 
typhoon Krosa. The knowledge of biochemical changes will 
be propitious to alleviate physiological stress of finfish 
effectively. 
 
2  Experimental 
 
2.1  Instruments and reagents  

 
Acetonitrile, isopropanol, and formic acid (LCMS grade) 

were purchased from Sigma-Aldrich (St. Louis, MO). Lipid 
standard samples (purity > 99%) were obtained from Avanti 
Polar Lipids, Inc. (Alabaster, AL). Leucine-enkephalin (purity 
> 98%) and all the other standard samples were purchased 
from Sigma-Aldrich (St. Louis, MO). Distilled water was 
filtered through Milli-Q system (Millipore, MA). 

 
2.2  Sample collection 
 

After the super typhoon Krosa on October 7, 2007, 7–10 
cage-farming yellow croakers (Pseudosciaena crocea) (1.5 
year old), which were healthy apparently, were collected from 
the cage-farming area of Xiangshan Harbour in China on 
October 9, October 12, October 15, and October 22 
successively. Before bait feeding, 1.0 mL blood of each fish 
was phlebotomized and stored at 4 °C for about 3–4 h. Then, 
the blood was centrifuged at 3000 g for 10 min at 4 °C, and 
the serum was stored at –80 °C until analysis. 

 
2.3  Sample preparation 
 

The sera were thawed at room temperature before the 
analysis. Acetonitrile (1000 μL) was added to the serum (300 
μL) and shaken vigorously, then the mixture was stored at 4 
°C for 10 min, centrifuged at 10000 g for 10 min at 4 °C. The 

supernatant (1100 μL) was lyophilized. 
 

2.4  Chromatography conditions 
 

Chromatographic separation was performed on a 100 mm × 
2.1 mm ACQUITY UPLC BEH 1.7 μm C18 analytical column 
(Waters, Milford, MA) using a ACQUITY Ultra Performance 
Liquid Chromatography (UPLC) system (Waters, Milford 
MA). The column was maintained at 50 °C and eluted with a 
gradient of 5%–40% B over 1.5 min, followed by a gradient 
over 8.5 min to 92% B ,which was hold for 4 min, then over 1 
min to 100% B and hold for 5 min before re-equilibration, 
where A was consisted of 0.1% formic acid in water/ 
isopropanol (80:20, V/V) and B was consisted of 0.1% formic 
acid in acetonitrile/isopropanol (80:20, V/V). The total 
gradient duration was 20 min at a flow rate of 0.35 mL min–1. 
The sera samples were diluted in 1000 μL of 1:4 distilled 
water/acetonitrile; a 5-μL aliquot of each sample was injected 
into the column, and the flow rate out of the column was split 
25% into the mass spectrometry. 

 
2.5  Mass spectrometry conditions 
 

Mass spectrometry was performed on a Quadrupole-Time- 
of-Flight Mass Spectrometry (Q-TOF Premier) (Waters, 
Milford MA) operating with V flight mode in both negative 
and positive ion electrospray modes. The nebulization gas was 
set to 400 L h–1 at 300 °C, the cone gas was set to 50 L h–1, 
and the source temperature was set to 100 °C. The capillary 
voltage and the cone voltage were set to 2.5 kV and 55 V, 
respectively. Full scan analysis was performed with the mass 
spectrometer set at 5 eV collision energy. MSMS analysis was 
performed at 30 eV collision energy. The scan range was from 
m/z 100 to 1000. All the analyses were done by using the lock 
spray to ensure accuracy and reproducibility; leucine- 
enkephalin was used as the lock mass at a concentration of 50 
μg L–1 and a flow rate of 15 μL min–1, generating an [M + H]+ 
ion at 556.2771 Da in ESI+ mode and an [M – H]– ion at 
554.2615 Da in ESI– mode. 

 
2.6  Data analysis 
 

The serum metabolic profiles acquired by UPLC-Q-TOF- 
MS measurements were analyzed using MarkerLynx 4.1 
software (Waters). This application detects, integrates, and 
normalizes the peak intensities to the sum of peaks within the 
sample. Pareto-scaled MarkerLynx matrices including the 
peak number (based on the retention time and m/z), sample 
name, and the normalized peak intensity were exported and 
analyzed by principal components analysis (PCA) and 
orthogonal projection to latent structures discriminant analysis 
(OPLS-DA) using SIMCA-P + 11.5 (Umetrics AB, Umetric, 
Sweden)[20,21]. The statistical analysis was performed by SPSS 
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13.0 version (SPSS, Inc., Chicago, IL). 
 
3 Results and discussion 
 
3.1  Metabolic fingerprinting 
 

Reversed-phase chromatography is usually used to separate 
serum metabolites of mankind; water and acetonitrile, 
consisted of formic acid or ammonium acetate, were used as 
mobile phase[20,22]. Considering many lipid classes with low 
polarity in the sera of cage-farming fishes, 20% isopropanol 
had been added into the mobile phase to lower its polarity. 
Hence, the serum metabolites of cage-farming yellow croakers 
showed good peak shape and resolution on the ACQUITY 
UPLC BEH C18 analytical column (Fig.1). 

Both positive and negative total ion chromatograms (TIC) 
are given in Fig.1. According to peak areas data, totally 1236 
peaks of positive ions (ESI+) and 809 peaks of negative ions 
(ESI–) were detected by Micromass MarkerLynx using the 
same acquiring method from 0.5 to 17 min of retention times, 
and then the normalized data were analyzed by PCA. PCA is a 
projection method used for overviewing and explaining 

“clustering” and trends within multivariate data. The resulting 
score plot highlights clustering or pattern formations in a 
two-dimensional space, which provides a view of the 
similarities and dissimilarities between the samples[23]. In the 
PCA score plots for the first and the third components, the 
Pseudosciaena crocea samples showed a trend of 
time-dependent cluster formations both in ESI+ (Fig.2A) and 
ESI– scan modes (Fig.2B).  

Therefore, we try to determine which ions contribute to the 
difference in the cluster separation, and the analysis was 
focused on the differentiation between the first sampling 
group (Group 1) and the last sampling group (Group 4). 
Pattern recognition based on supervised projection techniques 
OPLS-DA was accomplished using the LCMS data as 
X-matrix and the group information as dummy Y-variables. 
Seven-fold cross-validation (CV) was used to estimate the 
relevant number of components in the OPLS-DA model and 
resulted in one predictive and one orthogonal (1 + 1) 
components in both positive and negative ion scan modes. The 
parameter Q2 = 0.958 and 0.929 stood for predictive ability; 
the total explained variance R2(X) = 0.484 and 0.511, R2(Y) = 
0.973 and 0.951, in positive and negative ion scan modes,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1  Typical total ion chromatograms obtained from serum samples of cage-farming Pseudosciaena crocea 

(A)ESI+ scan; (B) ESI– scan  
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig.2  Principal components analysis (PCA) score plot of Pseudosciaena crocea for the first and the third components 
(A) ESI+ scan; (B) ESI– scan. Samples collected on October 9; Samples collected on October 12; Samples collected on October 15; Samples collected on October 22  
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respectively, indicated good qualities of these models (Fig.3, 
A1 and B1). Permutation tests help assess overfitting by 
randomly permuting class labels and refitting a new model 
with the same number of components as the original model. 
An overfit model will have similar R2 and Q2 to that of the 
randomly permuted data. Well-fit models will have higher R2 
and Q2 values than that of the permuted data, whereas the 
intercepts of Q2 will be less than or equal to zero[24]. Further 
model validations with the number of permutations equaling 
to 200 generated intercepts of R2 = 0.636 and 0.666, Q2 = 
−0.084 and –0.142 (Fig.3, A2 and B2), in positive and 
negative ion scan modes, respectively. Figure3-A2 and B2 
demonstrated that the original models have the highest R2 and 

Q2 values whereas intercepts of Q2 are both less than zero, 
suggesting that the original model is not overfitted. 

After OPLS-DA analysis of group 1 and group 4 of 
Pseudosciaena crocea in both ion scan modes, the loading 
S-plots showed ions with the highest confidence and greatest 
contribution to separation between the two groups (Fig.3, A3 
and B3). According to the parameter VIP (Variable 
Importance in the Projection) and P value of independent t test 
(< 0.01), the first 20 significant metabolites related to the 
group separation were selected as potential biomarkers from 
the S-plots (Table 1). These plasma metabolites had high 
correlations with the recovery process of Pseudosciaena 
crocea. They were of importance for classification.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3  Qrthogonal projection to latent structures discriminant analysis (OPLS-DA) analysis in the first and the fourth groups of Pseudosciaena 

crocea samples 
(A) ESI+ scan; (B) ESI- scan 1. OPLS-DA score plot; 2. Loadings in S-Plot format for the fourth group; 3. Validate model plot by permutation test 
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Table 1  Potential biomarkers found in the first and the fourth groups of Pseudosciaena crocea samples obtained with O-PLS-DA analysis in 
S-Plot format for the fourth group 

Tr (min)_m/z VIP Correlation Covariance p value＃ Factor of Chan Identification result 

ESI+ 
13.83_806.5730 10.588 –0.906 –0.343 7.25 × 10–17 1.55 PC (16:0/22:6), [M + H]+ 
13.41_780.5579 7.939 –0.835 –0.257 1.83 × 10–12 1.40 PC (16:0/20:5), [M + H]+ 
11.75_852.5573 7.646  0.845  0.248 8.20 × 10–13 1.96 PC (20:5/22:6), [M + H]+ 
6.96_568.3386 7.289  0.789  0.236 3.70 × 10–10 4.73 LPC (22:6), [M + H]+ 
15.21_792.5885 5.528 –0.818 –0.179 9.23 × 10–8 1.73 PC (p-16:0/22:5), [M + H]+ 
14.73_782.5675 5.244 –0.870 –0.170 3.45 × 10–8 1.62 PC (16:0/20:4), [M + H]+ 

11.49_826.5397 4.186  0.861  0.136 9.00 × 10–14 3.79 PC (18:4/22:6), [M + H]+ 
12.42_854.5681 4.122  0.763  0.133 9.22 × 10–10 1.67 PC (20:4/22:6), [M + H]+ 
12.07_878.5711 3.932  0.457  0.127 9.93 × 10–3 1.38 PC (22:6/22:6), [M + H]+ 
9.14_524.3695 3.522  0.700  0.114 1.61 × 10–5 1.98 LPC (18:0), [M + H]+ 
8.08_522.3543 3.502  0.809  0.113 3.62 × 10–11 2.08 LPC (18:1), [M + H]+ 
12.66_804.5529 3.464 –0.510 –0.112 3.62 × 10–3 1.36 PC (16:1/22,:6), [M + H]+ 
7.79_496.3383 3.372  0.489  0.109 1.60 × 10–3 1.61 LPC (16:0), [M + H]+ 
15.11_732.5562 3.210 –0.716 –0.104 1.95 × 10–5 2.14 PC (18:1/14:0) [M + H]+ 
15.87_663.4612 3.209 –0.773 –0.104 1.32 × 10–5 2.89 Unknown 
12.28_394.3456 3.160 –0.815 –0.102 4.60 × 10–8 1.68 Unknown 
14.59_808.5856 3.022 –0.832 –0.098 4.80 × 10–11 1.48 PC (18:0/20:5), [M + H]+ 
14.63_766.5762 3.014 –0.803 –0.098 3.20 × 10–7 1.75 PC (p-16:0/20:4), [M + H]+ 
15.28_808.5853 2.912 –0.584 –0.094 1.38 × 10–3 1.63 PC (16:0/22:5), [M + H]+ 
6.31_542.3234 2.899  0.818  0.094 2.40 × 10–14 4.96 LPC (20:5), [M + H]+ 

ESI– 
6.78_552.3079 8.207  0.896  0.351 3.92 × 10–15 3.11 LPC (22:6), [M – CH3]- 
13.71_850.5614 4.673 –0.794 –0.200 5.81 × 10–10 1.63 PC (16:0/22:6), [M + HCOOH – H]-

7.93_506.3218 4.486  0.857  0.192 3.24 × 10–13 1.93 LPC (18:1), [M – CH3]- 
13.25_824.5465 4.277 –0.839 –0.183 9.37 × 10–12 1.57 PC (16:0/20:5), [M + HCOOH – H]-

13.73_790.5374 4.177 –0.918 –0.178 3.75 × 10–17 2.00 PC (16:0/22:6), [M – CH3]- 
6.15_526.2912 4.077  0.891  0.174 2.46 × 10–14 3.73 LPC (20:5), [M – CH3]- 
13.25_764.5241 3.745 –0.882 –0.160 2.17 × 10–8 1.75 PC (16:0/20:5), [M – CH3]- 
6.77_612.3323 3.688  0.858  0.158 1.15 × 10–12 4.30 LPC (22:6), [M + HCOOH – H]-

9.71_367.2503 3.620 –0.898 –0.155 2.84 × 10–9 1.90 cortol, [M – H]- 
2.69_514.2826 3.105  0.342  0.133 4.59 × 10–4 7.18 taurocholate, [M – H]- 
14.93_836.6038 3.096 –0.780 –0.132 2.72 × 10–6 1.77 PC (p-16:0/22:5), [M + HCOOH – H]
6.93_528.3070 3.055  0.876  0.131 5.20 × 10–14 3.60 LPC (20:4), [M – CH3]- 
14.48_826.5614 3.042 –0.822 –0.130 3.53 × 10–11 1.58 PC (16:0/20:4), [M + HCOOH – H]-

14.51_766.5383 2.798 –0.895 –0.120 6.91 × 10–16 1.91 PC (16:0/20:4), [M – CH3]- 
7.31_554.3249 2.518  0.918  0.108 4.70 × 10–14 6.04 LPC (22:5), [M – CH3]- 
14.91_776.5615 2.423 –0.799 –0.104 2.40 × 10–11 1.76 (p-16:0/22:5), [M – CH3]- 
11.66_896.5464 2.360  0.670  0.101 3.02 × 10–6 1.37 PC (20:5/22:6), [M + HCOOH – H]-

12.59_848.5456 2.303 –0.603 –0.098 8.24 × 10–4 1.46 PC (16:1/C22:6), [M + HCOOH – H]
8.99_508.3391 2.288  0.442  0.098 1.00 × 10–2 1.40 LPC (18:0), [M – CH3]- 
0.86_268.7715 2.263 –0.797 –0.097 2.60 × 10–6 1.48 Unknown 

# P value of Independent T test. 

 
3.2  Metabolite identification 

 
The extract masses and elemental composition of the above 

potential metabolites could be obtained from Q-TOF MS, and 
the errors were all less than 5 mg L–1. Furthermore, by 
comparing the retention times and MS/MS behaviors of 
metabolites with the data from databases of LIPID MAPS 
(http://www.lipidmaps.org), HMDB (http://www.hmdb.ca), 
and METLINE (http://metlin.Scripps.edu), it was easy to 
elucidate the putative structure of the metabolite. The 

metabolites were corresponding to the results obtained with 
the reference compounds that were biologically relevant and 
commercially available. The chemical identities of the 
putative biomarkers were confirmed using UPLC-MS/MS 
analyses, which compared the retention time and the specific 
fragmentation patterns of the metabolites in the sera with 
those of the purchased reference compounds. 

For glycerol phospholipids of most of 20 significant 
metabolites, all the compounds were identified with the 
database search associated with special fragmentation patterns 
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in the mass spectra. Taking a PC as an example, [M + H]+ 
was m/z 806.5730 and the retention time was at 13.83 min. 
The verification was carried out as follows. First, the precise 
molecular weight (MW) was determined by comparing the 
two TICs (total ion chromatogram) from ESI+ (Fig.1A) and 
ESI– (Fig.1B). [M + H]+ ion (m/z 806.57), [M + Na]+ ion (m/z 
828.56), [M – CH3]– ion (m/z 790.54) and [M + HCOOH – 
H]– (m/z 850.564) were observed in the low collision spectrum 
with MSE data collection mode (Fig.4). Therefore, the MW of 
this biomarker was considered to be 805.56 and the accurate 
m/z of [M + H]+ was measured through the Q-TOF premier 
MS system (806.5730). Subsequently, a database search of the 
monoisotopic precursor mass was done using the HMDB, and 
24 possible matches of [M + H] + within the error of 0.01 Da 
were produced. These database matches are phosphatidyl- 
choline (PC) and will produce different diagnostic fragments 
associated with their different acyl-structures. To confirm the 
structure of this marker, the MS/MS experiment was carried 
out. The high collision spectrum in MSE data collection mode 
of this marker is shown in Fig.5. The group of fragmentation 
ions at m/z 104.1089, 184.0851 in positive scan mode and at 
m/z 168.0213 in negative scan mode was generated from the 
head of phosphocholine, indicating that this metabolite was a 
phosphocholine, which was consistent with the previous 
publication[22]. Besides, the ions at m/z 255.2149 and 327.2206 
in negative scan mode suggested that the two fatty acyl groups 
at the sn-1 and sn-2 positions of the glycerol were 22:6 and 
16:0. Furthermore, the abundance of the ion at m/z 327.2206 
was higher than that of the ion at m/z 255.2149. According to 
the rule that the collision-induced dissociation of carboxylate 
anion at the sn-2 is always easier than at the sn-1[25], so in this 
study, it could be concluded that fatty acyl (22:6) group was 
located at sn-2 and fatty acyl (16:0) group was linked to sn-1, 
as. As a result, the biomarker was finally identified as PC 
(16:0/22:6).  

Using the above method, the most characteristic metabolites, 
which had high correlations with the recovery process of 
Pseudosciaena crocea after typhoon, were identified. Totally, 
13 PCs, 7 lysophosphatidylcholines (LPC), cortol and 
taurocholic acid were identified. Besides, three metabolites 
had not been identified exactly (Table 1). 

 
3.3  Potential metabolic biomarker changes in 

Pseudosciaena crocea during recovery process after 
typhoon 

 
The positive correlation and covariance of a type of 

metabolite, listed in Table 1, suggested that the number of this 
kind of metabolite was increased and that with negative 
correlation and covariance data was decreased in fish sera 
from group 1 to group 4. Therefore, as shown in Table 1, the 
relative abundance of all LPCs, PCs with higher unsaturated 
acyl chains (n > 9) and taurocholic acid was significantly 

elevated in group 4; all the PCs with lower unsaturated acyl 
chains (n < 8) and cortol were reduced. The other PCs, the 
total unsaturation degree of fatty acyl chains equals to 8 or 9, 
were not present in the first 20 significant metabolites, 
suggesting that their relative abundance showed no obvious 
changes from group 1–4. 

Cortisol, a traditional metabolic biomarker of 
environmental stress, did not show significant change during 
the recovery process of Pseudosciaena crocea after typhoon 
in this experiment. Meanwhile, some groups of metabolites, 
which were closely related with lipid metabolism, showed 
obvious changes in MS relative abundance. Both the increase 
in LPC and taurocholate and accumulation of high 
unsaturation of PC showed that the Pseudosciaena crocea had 
the function of self-recovery and protection of organs (such as 
liver) from damnification and surface inflammation caused by 
typhoon. The decrease in the amount of cortol suggested that 
the recovery of metabolite rate accelerated. Besides, using the 
fatty acids as energy in the recovery process resulted in the 
reduction of low unsaturation of PC. Above all, the metabolic 
biomarker changes showed the changes in lipid metabolism, 
which were adjusted by corticoids during the recovery process  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4  ESI-MS spectra of compound with retention time at 13.83 min 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5  ESI-MS2 spectra of [M – CH3]– (m/z 790.54) and [M + H]+ 

(m/z 806.57) 
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of Pseudosciaena crocea after typhoon. These results were 
obtained by studying several potential biomarkers together, 
which could not be reached by traditional markers. 
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