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Abstract: Amino acids are widely present as intermediates in marine nitrogen cycle. However, the
information of amino acid distribution in deep-sea seawater, especially in abyss and hadal zone, is
very limited. In the present study, we determined the concentrations of dissolved free amino acids
(DFAA), dissolved combined amino acids (DCAA) and total hydrolysable amino acids (THAA) in
the seawater from sea surface to hadal zone of the Yap Trench. Their occurrence, vertical variations
and degradation behavior in the Yap Trench were investigated. The results showed that
concentrations of LDFAA, YDCAA and XTHAA ranged from 0.09 to 1.78, 0.99 to 17.69 and 1.18 to
18.01 pmol/L, respectively, in the study area. In the seawater samples from the trench, Glycine (Gly)
was the predominant DFAA, while the DCAA and THAA was dominated by threonine (Thr).
Concentration of chlorophyll a (chl 2) was not significantly correlated with any amino acids (DFAA,
DCAA and THAA) in the euphotic layer. Mean concentrations for DFAA, DCAA and THAA in
different water layers were in the order of: mesopelagic > euphotic > abyssal > bathyal. The
concentrations of DCAA and THAA in sediment-seawater interface were higher than those from
the euphotic to abyssal layer. Stations near the Yap Islands have the older organic matter (OM),
while the organic matter in stations near the Yap Trench axis was relatively fresh above 1000-m
depth. Degradation behavior of OM in the mesopelagic and abyssal layer are affected by transport
of dissolved organic matter with water current. The organic matter in the sediment-seawater
interface are older, especially on the west side of the trench. This is a survey of amino acids (DFAA,
DCAA and THAA) in the Yap Trench, which provides information on the vertical variations and
degradation behavior of amino acids from sea surface to hadal environment, and will be helpful to
understand marine organic nitrogen cycle.

Keywords: amino acids; Yap Trench; vertical variations; diagenetic

1. Introduction

Amino acids are the primary forms of organic nitrogen (ON) in most organisms (including both
terrestrial and marine organisms) [1,2], play crucial roles as intermediates in marine nitrogen cycle
[3,4]. As the fundamental component of protein, amino acids are present in all marine organisms
[5,6], including both of living cells and residues [7,8]. As typical marine labile compounds, amino
acids have attracted great attention of many scientific researchers.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Amino acids can be categorized based on their chemical bond states and physical forms in
seawater [9]. These categories include particulate amino acids (PAA), dissolved free amino acids
(DFAA), dissolved combined amino acids (DCAA) and total hydrolyzed amino acids (THAA =DFAA
+DCAA) [10]. The production of amino acids depends on available light [5,11], so their concentration
in the marine environment will decrease with depth in general [12,13]. For example, it is found that
the concentrations of THAA and PAA decreased from 0.72 to 0.43 umol/L and from 1.71 to 0.28
pmol/g, respectively, with increasing depth in the Southern Yellow Sea and the East China Sea [5,7].
Until now, the research on amino acids in marine environment is mainly focused on the surface
seawater of coastal areas, while the study of the deep sea, especially the trench environment in open
ocean is very limited [14]. In the west Pacific Ocean, previous study found that the concentration of
DFAA in the Yap Trench generally decreased with depth [14]. However, the vertical distribution
profiles of THAA and DCAA in the trench needs further study. In addition, amino acids are highly
labile and easily degraded in seawater [15,16], and the production and consumption of DFAA and
DCAA are closely related to bacteria and phytoplankton [17,18]. Amino acids are often used as
biomarkers to provide information about decomposition and transport of organic carbon in marine
environment [19,20]. For instance, the Asp/Gly ratio and serine (Ser) + Thr (mol%) can be used to
evaluate the sources of diatomaceous and calcareous sources in organic matter [20]. As an important
intermediate, the study of the decomposition and transportation of amino acids will help to
understand the organic nitrogen and carbon cycle in the global oceans.

The Yap Trench is located at the Northwest Pacific Ocean, with the deepest depth of 8527 meters
[21]. Its north part is the junction of the Pacific Plate, the Philippines Plate and the Caroline Plate,
and its south part is between the Philippine Plate and the Caroline Plate, making the trench a unique
area to study deep sea environment [22,23]. However, comparing the deepest Mariana Trench, there
is relatively lack of attention and research on the Yap Trench. The “V-shape” structure of the Yap
Trench enables it to have a weak convergence and sedimentation particle accumulation environment
(i.e. funnel effect), which may become an accumulation place of amino acids and marine organism
excreta [21,24,25]. The unique deep ocean currents may affect the distribution and composition of
amino acids in its abyssal and hadal environment, and further affect the degradation of organic
matter [3,26]. With the development of deep sea research method, more and more parameters in the
Yap Trench were analyzed and their spatiotemporal distribution characteristics were studied
[21,26,27]. However, the vertical distribution and degradation feature of amino acids in the trench
seawater, especially DCAA and THAA, are still unclear. In addition, more research is necessary to
investigate the impact of the funnel effect and bottom water current of the Yap Trench on the source
and degradation of amino acids.

The overall objectives of the present study were to: (1) investigate the occurrence of amino acids
in the seawater from the Yap Trench; (2) evaluate vertical variations of amino acids in the trench; (3)
assess the different degradation behavior of various amino acids in the trench environment. This
study will be helpful to better understand deep sea organic carbon and nitrogen cycle, especially in
the abyss and hadal area.

2. Materials and Methods

2.1. Chemicals and reagents

Fourteen amino acids were selected as target analytes, including 2 acidic amino acids (aspartic
acid (ASP) and glutamic acid (Glu)), 2 basic amino acids (arginine (Arg) and histidine (His)) and 10
neutral amino acids (serine (Ser), glycine (Gly), threonine (Thr), alanine (Ala), tyrosine (Tyr), valine
(Val), methionine (Met), phenylalanine (Phe), isoleucine (Ile) and leucine (Leu)). All amino acid
standards were obtained from Sigma (St. Louis, MO, USA). High-performance liquid
chromatography (HPLC) grade acetonitrile, sodium acetate solution, tetrahydrofuran (THF) and
methanol are from CNW (Germany). The derivatization reagents o-phthalaldehyde (OPA) and 3-
mercaptopropionic acid (MPA) were also from Sigma. Ultra-pure water used in this study was


https://doi.org/10.20944/preprints202401.0716.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 January 2024 do0i:10.20944/preprints202401.0716.v1

produced by a Milli-Q purification system (Millipore Elix10, USA). Glass fiber filters (GFF, Whatman,
OD 47 mm, 0.45 um) were supplied by Whatman (Maidstone, England).

2.2. Sampling stations

Four CTD stations and five dive stations were selected in the Yap Trench (Figure 1). Detailed
information on the sampling sites was listed in Table S1. The No.37 ocean cruises was conducted
aboard the R/V Xiangyanghong 09, carrying “Jiaolong” manned submersible, in the Northern Yap
Trench from May 13 to May 23, 2016. Seawater samples were collected from the four CTD stations in
the study area through the shipborne seabird CTD equipment. Five diving stations have been set up
at the sediment-seawater interface of the Yap Trench. SBE-911 plus CTD (Seabird Electronics), carried
and controlled by “[iaolong” manned submersible, collected the overlying water from sediment-
seawater interface of the five stations. All the collected seawater samples were filtered by 0.45 pm
glass fiber filters (Whatman GF/F) immediately on board, and stored in sample bottles at -20 °C until
extraction. Temperature (T), salinity (S) and dissolved oxygen (DO) concentration were measured
synchronously during seawater sampling. The pH and concentration of chlorophyll a (chl a) of the
seawater samples were determined by spectrophotometric method and fluorescence
spectrophotometric method, respectively [28,29]. The parameters related to temperature (T), pH,
salinity (S), dissolved oxygen (DO) concentration and chlorophyll a (chl 4 for the euphotic layer) were
shown in Table S2 and Figure S1.
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Figure 1. Map showing the sampling sites in the Yap Trench. PHS: the Philippine Sea plate; PAC: the
Pacific plate; CP: the Caroline plate; MT: the Mariana Trench; YT: the Yap Trench; PT: the Palau plate;
CR: the Caroline Ridge.

2.3. Pretreatment and analysis of seawater samples

The analysis of amino acid concentrations was based on o-phthaldialdehyde-3-
mercaptopropionic acid derivatization method [30]. Hydrolysis was required before THAA analysis.
Specifically, the filtered seawater sample was added to an ampoule containing 6 mol/L HCI, sealed
with flame in the nitrogen environment, and then the seawater sample was hydrolyzed at 110 °C for
22 h. After evaporation of the hydrolysate, the dried residue was dissolved in Milli-Q water for
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derivatization. The DFAA was directly derivatized without hydrolysis by the derivative reagent for
19 minutes.

Amino acids were analyzed by high-performance liquid chromatography (HPLC). The HPLC
was a Waters 2695 system equipped with a quaternary pump, an online degasser, an auto sampler,
a column heater and an €2475 fluorescence detector. 20 pL derivative samples were injected into the
HPLC for qualitative and quantitative analysis. Amino acids separation was achieved on a ZORBAX
Eclipse AAA column (150 x 3.0 mm, 5 um; Agilent). The gradient elution of the mobile phase, are
shown in Table S3, including 0.05-mol/L sodium acetate buffer solution (A) and acetonitrile:
methanol: Milli-Q (V/V/V) = 1:1:1 mixture (B). Specific instrumental parameters are provided in Text
S1.

2.4. Diagenetic indicator

Diagenetic indicator (DI) was used to indicate the degradation degree of amino acids in the
seawater. The DI was calculated based on the principal component analysis (PCA) by the following

equation [31]:
DI = Z var; — AVGy,y,
. STDyar,
1

where vari is the mole percentage of individual amino acid in our data set; AVGvari and STDvari are its
mean and standard deviation in all samples, respectively, and fac.coefi is the factor coefficient for
individual amino acid. In seawater, the more positive the DI value is, the fresher the organic matter
is, indicating the amino acids mainly come from newly generated organic matter. On the contrary,
the more negative the DI value is, the older the organic matter is, suggesting the amino acids have
greater degradation.

X fac. coef;

2.5. Quality assurance and control

Amino acid concentrations were calculated through the calibration curves constructed by
analysis of standards solutions. The calibration curves displayed strong linearity with R? values
greater than 0.999. The blank sample was analyzed to monitor the background contamination, and
all target amino acids were not detected in the blank samples. Each seawater sample had three
replicates and the relative standard deviation was less than 7%. The detection limit of target amino
acids ranged from 30 to 90 fmol. The mean recoveries of amino acids in all samples were in the range
of 78.4% to 118.6%.

2.6. Statistical analysis

Normality of the data was evaluated by Shapiro-Wilk test before further statistical analysis.
Mann-Whitney U test was used to study the relationships between different groups. Spearman’s rank
correlation analysis was performed to investigate the possible correlations between different
individual amino acid. Origin 2022 were employed for linear correlation analysis. PCA was
performed by the mole percentage of amino acids as the original data matrix. Statistical analyses were
analyzed using IBM SPSS Statistics (version, 25) with a statistical significance threshold of p < 0.05.
Spatial maps for broadscale trench topography were drawn using ArcGIS mapping software.

3. Results and discussion

3.1. Compositions and concentrations of amino acids

All fourteen target amino acids were detected in the seawater from the Yap Trench. The ZTHAA
concentrations were in the range of 1.18 to 18.01 umol/L, with the mean value of 2.67 umol/L (Table
54). Overall, the ZDFAA concentrations in seawater (0.09 to 1.78 umol/L) were lower than that of
EDCAA (0.99 to 17.69 umol/L) (p < 0.05, Figure 2). This may be because DFAA have fast turnover
rates in seawater and can be directly consumed by various microbe or adsorbed on particles to reduce
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their concentrations in the environment [32-34]. A significant positive correlation was found between
the concentrations of THAA and DCAA (p <0.05, n=70). This result was in line with previous studies
that DCAA is the main control factor of THAA concentration change [10,35].
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Figure 2. Box and whisker plots of DFAA, DCAA and THAA in the seawater from the Yap Trench. *
means significant (p < 0.05).

Gly (nd to 0.52 pmol/L) was the most abundant in DFAA, which contributed 19.13% to ZDFAA
in the seawater from the Yap Trench on average (Figure 3 and Table S4). Series studies have found
similar results in other sea areas, in which Gly was also a main component of DFAA [1,35,36]. For
example, Gly had the greatest contribution to the total concentration of DFAA in spring and fall
seawater samples from the Gray's Reef National Marine Sanctuary [36]. Gly was the main product of
photorespiration and was released from large marine zooplankton and algae cells [37,38]. In addition,
Gly was more difficult to decompose than other amino acids in the process of microbial
decomposition and zooplankton digestion [39,40]. Then, with the degradation of amino acids, the
molar percentage of Gly increased [31,41]. Therefore, the molar percentages of Gly are often used to
indicate the degree of degradation of amino acids. Thr was another dominant amino acid with similar
concentration ranges (nd to 3.65 and 0.01 to 3.66 umol/L) in DCAA and THAA in the seawater, which
accounted for 15.40% and 13.68% of the LDCAA and YTHAA, respectively (Figure 3 and Table 54).
This result is also consistent with previous studies [3,42]. Gly and Thr are easier to accumulate in the
cell wall, while amino acids in the cell plasma are easier to be degraded [43], because the cell wall is
relatively strong and is preserved during sinking and decomposition [31]. Then the protected amino
acids are more difficult to be degraded.

do0i:10.20944/preprints202401.0716.v1
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Figure 3. Mean molar fraction of individual amino acids in DFAA, DCAA and THAA in the seawater
from the Yap Trench.

The comparison of DFAA, DCAA and THAA concentrations in seawater from different marine
environments was listed in Table S5. In general, concentrations of DFAA (0.46+0.33 umol/L) in the
waters from the Yap Trench were higher than those in the Izmir Bay, (0.23+0.17 and 0.11+0.11 pmol/L
for Inner bays and outer bay, respectively) and the East China Sea (0.35+0.17 pmol/L) [9,35], but lower
than those detected in the South Yellow Sea (0.94+0.08 pumol/L) [1]. The concentrations levels
(2.20+2.04 and 2.67+2.05 umol/L, respectively) of DCAA and THAA in the Yap Trench were similar,
higher than those in the South Yellow Sea (1.18+0.35 and 1.91+0.28 umol/L, respectively) [44] and the
Izmir Bay (0.76+0.40 and 0.99+0.50 pmol/L, respectively) [9]. Overall, the concentration of DFAA in
the water of the Yap Trench was at a medium level, while the concentrations of DCAA and THAA
were at relatively high levels. This may be attributed to different sampling times [45]. The sampling
time of this study is just the period of generally high primary productivity. In fact, previous studies
have found that the concentrations of THAA and DCAA in summer seawater are significantly higher
than those in autumn and winter [2,3]. Moreover, the transportation of other water bodies and funnel
effects also increased the concentration of THAA and DCAA in the study area (see below for details).

Proportion for acidic, neutral and basic amino acids in the seawater from the Yap Trench were
summarized in Figure 4. Percentages of acidic, neutral and basic amino acids in the DFAA, DCAA
and THAA were different. The results showed that the percentage of neutral amino acids (> 50%) in
the DFAA, DCAA and THAA was the highest, except for the DFAA in seawater of station CTDO1.
This result is consistent with previous studies that neutral amino acids occupied the largest fraction
of amino acid in seawater [9,44]. High fraction of neutral amino acids may be related to their source
of phytoplankton [3,4]. Some relatively stable neutral amino acids (such as Ser, Gly and Thr) have
been proved to exist in the siliceous exoskeleton and cell walls of diatoms with much higher
abundance than those in cell plasma and membrane [15,43,46]. Algae will release more Ser, Gly and
Thr from cells into seawater through cell rupture to increase their concentration after cell death and
sinking [14,47].

do0i:10.20944/preprints202401.0716.v1
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Figure 4. The percentage content of acid, neutral and basic amino acids in the seawater of the Yap

Trench.
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3.2. Vertical variations of amino acids

The vertical distributions of DFAA, DCAA and THAA concentrations in the seawater of the Yap
Trench are similar. As shown in Figure 5a, the highest concentrations of DFAA, DCAA and THAA
appear in the euphotic layer. This could be explained by the fact that amino acids were from
phytoplankton in the euphotic zone through primary production [46,48]. Mean concentrations for
DFAA, DCAA and THAA varied with depth in the euphotic layer (Table S6). The mean
concentrations of DFAA, DCAA and THAA in different water layers followed the order: mesopelagic
zone > euphotic zone > abyssal zone > bathyal zone. The concentration of amino acids below the
mesopelagic layer began to decrease gradually, and the changes in the bathyal layer and abyssal layer
were relatively flat. In general, the variation trend of amino acid concentrations in the four CTD
stations is basically consistent and decreases with depth.
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Figure 5. The vertical variations of concentrations of DFAA, DCAA and THAA in the seawater from
the Yap Trench.

The vertical distributions of relevant environmental factors are shown in Figure S1, which may
affect the distribution of organisms and the concentration of amino acids in different water layers
[3,36]. In the four stations of the trench, the temperature and pH tended to decrease with depth, while
the salinity had a slight increase trend with depth. Concentration of dissolved oxygen first decreased
and then increased with depth, reaching its minimum value in the mesopelagic layer. Among these
factors, only a positive linear relationship between DCAA and salinity was found in this study
(Figure S1, p < 0.05). Similar results were observed in the Mississippi River and the Gray's Reef
National Marine Sanctuary [4,36]. This linear relationship implies that sea salinity has important
impact on the vertical distribution of DCAA in the water bodies.

3.2.1. Amino acids in euphotic layer

Mean concentrations among DFAA, DCAA and THAA in the euphotic layer were different
(Table S6). It was found that the maximum concentrations of DCAA and THAA occurred at 125 m
depth, while the maximum concentration of DFAA appeared at 50 m. As shown in Figure 5b, the
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maximum concentrations of DFAA, DCAA and THAA in the four CTD stations appeared in the
euphotic layer (1.78, 6.15 and 6.63 pmol/L, respectively). This might be because amino acids mainly
come from plankton [3,49], while the high value areas of amino acids and chl a2 were only limited to
the euphotic layer [2]. However, the concentration changes of amino acids (DFAA, DCAA and
THAA) in the euphotic layer were complex and affected by many factors [14,35]. There were no
significant correlations between concentrations of chl 4 and any amino acids (DFAA, DCAA and
THAA) in this study. This result was inconsistent with other research [5,50,51], indicating that impact
of plankton biomass on amino acids was very limited in the euphotic layer of the Yap Trench [35].
Amino acids and chl a are labile components in seawater with high turnover rates [44,52], and their
concentrations are affected by various processes, such as phytoplankton production, biodegradation
and ocean current [3,35]. In addition, it was found that the concentrations of DFAA, DCAA and
THAA in the euphotic layer changed rapidly with depth and had a wide range. Because plankton is
not only the producer of amino acids in the seawater, but also their consumer [47], complicated
variations of production and consumption of amino acids caused concentrations of amino acids could
not be directly correlated with the biomass (reflected by concentration of chl a) of phytoplankton in
the euphotic seawater of the study area.

3.2.2. Amino acids in the mesopelagic to abyssal layer

Phytoplankton cannot carry out photosynthesis due to light limitation below 200 m depth.
However, the highest mean concentrations of DFAA, DCAA and THAA occurred in the mesopelagic
layer of the four CTD stations (0.52, 2.12 and 2.65 pmol/L, respectively Table S6). The concentration
of amino acids in the mesopelagic seawater was affected by the degradation of dead organisms, the
sinking of organic matters and microbial activity [53,54]. On the other side, prokaryotic biomass
decreased with depth [55], resulting in a much lower consumption and degradation rate of amino
acids by microorganisms in the mesopelagic layer than in the euphotic layer. Studies have reported
that up to 91% of amino acids were degraded in the Equatorial Pacific euphotic zone [46]. Moreover,
compared to the euphotic layer, lower oxygen and lower temperature in the mesopelagic layer also
reduce microbial activity, thereby decreasing the direct utilization rate of amino acids [40,56].
Previous research has proven that low temperature (< 2°C) seemed to decrease the uptake of amino
acids [17]. A previous study reported higher concentrations of amino acids (such as Ala and Ser) were
found in deep water of the East Japan Sea, suggesting that bacteria from the mesopelagic waters
contributed significantly to amino acids [19]. Our results show that Ala+Ser had a higher
concentration in the mesopelagic seawater, accounting for 22.98%, 11.81%, and 13.89% of DFAA,
DCAA, and THAA, respectively. These proportions were generally consistent with previous research
results, with Ala+Ser accounting for 19% of THAA in seawater samples from the East Frisian islands
[54].

Interestingly, the mean concentrations of DFAA, DCAA and THAA in the bathypelagic layer
were lower than those in the abyssal layer of the trench, which might be attributed to the funnel effect
and transportation of amino acids from other water bodies. In fact, the velocity of horizontal flow
decreased with increasing water depth in typical V-shaped terrain of trenches [57,58], resulting in a
large accumulation of organic matter in deeper water (abyssal layer) [21,27]. Moreover, the seawater
of the abyssal layer in the Yap Trench come from the Submerged Water around the Antarctic [59]. A
large amount of organic matter has been accumulated in the abyssal seawater of the Pacific Ocean
under the action of the thermohaline circulation. Then, the organic matter in the abyssal layer were
degraded by heterotrophic microorganisms to increase concentrations of amino acids [60]. Studies
have found that the activity of heterotrophic microorganisms in deep trenches was significantly
enhanced compared to shallow reference site [61], resulting in more effective decomposition of
organic matter and release of amino acids. On the other hand, water bodies in the abyssal layer may
be in progress vertical exchange with water bodies at the sediment-seawater interface. The water
body at the sediment-seawater interface was rich in amino acids (see below for details), resulting in
higher concentrations for amino acids in the abyssal layer than in the bathypelagic layer.
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3.2.3. Amino acids in the sediment-seawater interface

The mean concentrations of DCAA and THAA (4.76 and 5.25 pmol/L, respectively, Table 56) in
the seawater of the five diving station were higher than those in the seawater from the CTD stations,
which might be ascribed to the sediment resuspension. The resuspension of sediment increased the
vertical exchange capacity of pore water, resulting in the release of amino acids to overlying seawater,
thus increasing the concentration of amino acids at the sediment-seawater interface [62,63]. Series
previous studies have found that sediment resuspension (Abiotic factors) had the greatest impact on
dissolved amino acids dynamic process in the Mississippi River Plume [4]. The significant
contribution of resuspended material to THAA pools has been confirmed because the existence of a
positive correlation between THAA and suspended particulate matter (SPM) was found in the
seawater samples from the East Frisian islands [54]. Pore water directly and indirectly affected the
concentration and composition of THAA, which is an important source of amino acids in water
column [64]. Since the concentration of solute in sediment pore water and overlying water was
different, solute could diffuse across the sediment-seawater interface to overlying water [13]. This
diffusion process resulted in higher concentrations of DCAA and THAA in the seawater of the five
diving stations close to the sediment than in the seawater of the CTD stations. The concentrations
(17.69 and 18.01 pmol/L for Divel09, respectively) of DCAA and THAA on the west of the trench
were all higher than that (1.29 and 1.49 umol/L for Divell3, respectively) on the east at sediment-
seawater interface of the trench. Similar result was also found at the sediment-seawater interface in
the Yap Trench [14]. This phenomenon could be attributed to the action of the Coriolis force, the
sediment on the western trench wall was washed away by the bottom water facing south, forming a
resuspension of the surface sediment [14,63]. Resuspension of sediment released some amino acids
into the seawater, increasing the concentration of amino acids on the seawater at the sediment-
seawater interface at the west of the trench.

3.3. Sources and degradation of amino acids

Correlation analysis of various amino acids can be used to extrapolate quantitative similarities
and differences of individual amino acids [3]. Spearman rank correlation was performed between
individual amino acids in the seawater (Table S7). As the predominant DFAA, concentration of Gly
was significantly negatively correlated with concentrations of Glu and Asp (p < 0.01). This negative
correlation suggested that these amino acids might have different dynamic behavior in seawater [3].
In fact, the fundamental chemical properties of these amino acids were different because Gly was a
neutral amino acid, while Glu and Asp were acidic amino acids. Gly is mainly related to structural
substances and constitute degradation products of other amino acids (such as Asp and Glu) [15,65],
but Glu tends to convert into non-protein amino acids and indicate freshness of POM (particulate
organic matter) [66,67]. Therefore, the degradation of POM leaded to an increase in the contribution
of Gly and a decrease in the contribution of Glu [62]. Moreover, some researchers have found that
the contribution of Asp decreased during the degradation of organic matter [68,69]. Overall, Gly
exhibits different dynamic behaviors from Asp and Glu in seawater [62]. Thr, as a main amino acid
in DCAA and THAA, was significantly positively correlated with 5 amino acids (Ala, Arg, Gly, His
and Ser) in DCAA and 7 amino acids (Ala, Arg, Asp, Glu, Gly, His and Ser) in THAA (p <0.01). The
positive correlationships indicated that these amino acids might be affected by similar mechanisms
of biogeochemical alteration [1]. For instance, Ser and Thr have been confirmed to exist in diatom cell
wall [43] and are enriched in diatom mediated silicification proteins [70]. This kind of coexistence
might help them share similar biochemical processes and then formed a positive relationship. All of
the above amino acids belong to the aliphatic group except for His, which can directly participate in
cellular metabolic processes [71]. Among them, Thr, Gly and Ser can be easily transformed into each
other in plant catabolism [72]. Therefore, it is reasonable to find positive relationships between
concentrations of Thr and Gly and Ser.

PCA was further used to characterize the relationships among various amino acids. As shown
in Figure 6, principal components 1 (PC1) for DFAA, DCAA and THAA explained 37.7%, 47.6% and
44.1% of the respective total variance, respectively. PC1 for DFAA exhibited high positive loadings
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for Ala, Tyr and Ser, and high negative loadings for acidic amino acids (Asp and Glu) (Table S8). This
result revealed that the degradation processes of Ala, Tyr and Ser were exactly opposite to that of
Asp and Glu. By contrast, PC1 for DCAA and THAA had positive high loading of Ala, Arg, Gly and
Thr, and had negative loadings for Leu, Met and Val. These relationships indicated that the amino
acids with approximate principal component loadings might share similar sources and degradation
behavior in the Yap Trench [35]. In general, principal component loadings of individual amino acid
may directly affect the DI value [31,42]. Because amino acids are the main source of carbon and
nitrogen for microorganisms [44,73], some amino acids are accumulated in organism must lead to the
consumption of others through selective utilization by microbes [35,74]. For instance, ornithine can
be transferred to the plastid and re-participate in the synthesis of Arg during the nitrogen cycle [75].
Glu was a metabolite of His in animals, which undergoes four enzymatic steps involving histidine
ammonia-lyase, urocanatehydratase, imidazole propionase, and formimidoylglutamase [72].

PC3 (10.7%)
PC3 (8.9%)

1.0

I
n

0.0

PC3 (12.5%)

Figure 6. Loading plot for DFAA, DCAA and THAA in the seawater from the Yap Trench.

Based on the PC1 data, DI values of the seawater of the four CTD stations and the five dive
stations were calculated. The DI values for the DFAA, DCAA and THAA were in the range of -0.73
to 1.52, -1.17 to 1.94 and -1.32 to 1.87, respectively (Table S9). Mean DI value for DFAA, DCAA and
THAA were variable in different layers of the seawater from the Yap Trench (Figure 7). The DI values
for DFAA, DCAA and THAA of the seawater in stations CTD01 and CTDO02 presented negative
values, while they were generally positive in the seawater of stations CTD03 and CTDO04 in the
euphotic and mesopelagic layers. These comparative relationships implied that the seawater from
the euphotic and mesopelagic layers of stations CTD01 and CTDO02 had the older organic matter,
while the organic matter in stations CTD03 and CTD04 (near Yap Trench axis) was relatively fresh
[31,35]. The stations CTDO01 and CTDO02 near the Yap Islands might be affected by input of old
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terrestrial organic matter. On the other side, Gly was stored within the refractory cell wall of diatoms,
the molar percentage of Gly increases during the decay process of diatoms [40]. Therefore, the molar
percentage of Gly can reflect the degree of organic matter degradation partially. In fact, the Gly molar
percent of DCAA (mean 10.5% and 10.7%, respectively) in the seawater (above 1000m) of stations
CTDO01 and CTDO02 were higher than those in the seawater of stations CTD03 and CTD04 (mean 5.1%
and 3.5%, respectively). These results indicated that the degradation degree of organic matter in the
seawater of stations CTDO01 and CTDO02 were relatively higher than that of stations CTD03 and
CTDO04. Unlike the euphotic and mesopelagic layers, the DI value of DFAA was exactly opposite to
the DI value of DCAA and THAA in the seawater below 1000 m depth. These results indicated that
seawater stratification at 1000 m depth impeded the vertical mixing process of seawater. Therefore,
the dissolved organic matter in the deep layer of the trench might originate from the release of settled
particulate organic matter to seawater and the transport of dissolved organic matter by water
currents. Some previous studies have shown that the overlying water of the sediments and the
seawater of the abyssal layer in the Yap Trench come from the bathypelagic seawater and submerged
seawater around the Antarctic, respectively [59,76,77]. The deep water in the Yap Trench was a part
of the west bar of the Lower Circumpolar Deep Water (LCPW) [26]. However, identifying the specific
sources and degradation of organic matter in deep environments is extremely difficult and requires
further exploration. More work is still necessary in the future.

CTDO1 -DFAA

- CTDO02
Euphotic CTD03 B DCAA

cTD04 | L1 THAA

croot |

CTDO02
CTDO03

CTDO04

CTDO01

CTDO02
CTDO03

CTDO04

CTDO02

CTDO03
Dive 109

Dive 110
S-S Dive 111
Dive 112

Dive 113

Mesopelagic

Bathyal

Abyssal

-1.5 -1.0

Figure 7. Mean DI values of DFAA, DCAA and THAA in different layers of the seawater in the Yap
Trench. S-S represents sediment-seawater interface.

The DI values of the seawater samples from the five diving stations were generally negative,
with the minimum negative value (-1.32) for THAA appearing at station Dive 109, which could be
explained by the effect of sediment resuspension and the LCPW. Negative DI values may be related
to degradation of amino acids and old organic matter, and consistent results have previously been
reported of the seawater from the Mississippi River and the St. Lawrence system (Canada) [4,64]. The
sediment resuspension caused the diffusion of old organic matter in long-term pore water towards
the sediment-seawater interface [13]. Under the influence of Coriolis force, the sediments in the
western trench wall were severely scoured by the bottom water facing south [14,63]. This increased
the resuspension of sediment in the western trench wall, resulting in an increase in the concentration
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of old organic matter in the abyss and hadal zone of the trench. Therefore, it is reasonable the
minimum negative value (-1.32) for THAA appeared in station Dive 109 near the western trench.
Moreover, the deep water in the Yap Trench originated in the westward propagating the LCPW [26].
The estimated net transport capacity of LCPW entering the Philippine Basin through the Yap Trench
is 0.4 x 106 m3/s [78]. After a long period of transportation, the old and highly degraded organic matter
carried by LCPW was transported to the sediment-seawater interface of the trench, resulting in
negative DI values. In the seawater sample from the sediment-seawater interface, the molar
percentage of Gly was positively correlated with DI for the DFAA, DCAA and THAA (p < 0.05),
indicating that Gly in the Yap Trench originated from the new production of phytoplankton. Because
Gly was considered to be more difficult to decompose than other amino acids during the degradation
process of algae [39,40].

4. Conclusions

This study investigated the occurrence, vertical variations and degradation behavior of THAA,
DFAA and DCAA in the seawater from the Yap Trench. Gly was the predominant DFAA in the
seawater samples, while Thr was more abundant in the DCAA and THAA. Concentration of DFAA
in the seawater of the Yap Trench seawater was equivalent to level around the world, while the levels
of both DCAA and THAA were relatively high. The mean concentration of amino acids in the
seawater from the Yap Trench followed the order: mesopelagic > euphotic > abyssal > bathypelagic.
Compared to the CTD stations, the mean concentrations of DCAA and THAA in the seawater of the
diving stations were higher. Above 1000-m depth, organic matter in the seawater from stations
CTDO01 and CTDO02 was older, while the organic matter in the seawater from stations CTD03 and
CTD04 was relatively fresh. The sources of amino acids in the mesopelagic and abyssal layer of the
trench were related to transport of dissolved organic matter by water current. Compare to the
seawater from the CTD stations, the seawater from the sediment-seawater interface had older organic
matter, especially in the western side of the trench, attributed to the sediment resuspension and the
LCPW transport. Further studies on sources and degradation of amino acids as they move with deep
water mass in the Yap Trench are necessary.
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