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ABSTRACT  

Six sediment cores collected from various water depths and sampling locations along the western 

margin of the Bay of Bengal (BOB) were investigated for the total hydrolysable amino acids 

(THAA) and D-amino acids (D-AA) to understand their distribution, digenetic alteration and 

bacterial contribution to organic matter (OM). Irrespective of their location, THAA concentrations 

and yields generally decreased and Mol % glycine increased with increasing water depth indicating 

that OM was degraded during its transit through the water column. Amino acid based degradation 

index (DI) indicated that OM of the surface sediments of shallow stations, BOB-1 to BOB-3 was 

relatively fresher than that of deeper stations, BOB-4, BOB-5 and BOB-6. The concentrations and 

Mol % of the D-AA varied from 0.04 to 0.76 µmol gdw-1 and 0.3 to 8.5 Mol %, respectively. 

Contribution of bacterial peptidoglycan amino acids to THAA (% THAApep/THAA) ranged between 

4.0 and 55.0 %. Both % THAApep/THAA and Mol % D-AAs were significantly (p<0.01) higher in 

the surface sediments and decreased with sediment core depth. Based on the D-AA yields, bacterial 

OM accounted for 1.5 to 15.6 % of TOC, and 3.7 to 50.0 % of TN of the sediments of BOB. 
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1. Introduction 

Marine sediments are important in global organic matter (OM) production, re-mineralization and 

burial. Large proportion of newly produced and imported euphotic OM settles at the water-sediment 

interface. Burial of organic carbon in the sediments is estimated to be between 126 and 160 Mt C yr-1 

(Berner, 1982; Hedges and Keil, 1995; Baumgart et al., 2010; Bourgoin and Tremblay, 2010). High 

sedimentation rates and biological productivity in the overlying water column influence burial of 

organic carbon (Cowie and Hedges, 1992; Burdige, 2007). OM buried in the marine sediments forms 

a major link between the "active" surface pools of carbon and inactive and/or slow cycling carbon 

pools (Burdige, 2007). In the open ocean, OM is mostly of marine origin, however influence of 

terrestrial OM due to advection from the shelf to deep sediments and aerial transport of aeolian 

particles has been observed (Hedges and Keil, 1995; de Haas et al., 2002).  

Amino acids, the building blocks of proteins, are the major forms of nitrogen in both terrestrial 

and marine organisms. These compounds are the important constituents of living and dead OM 

(Cowie and Hedges, 1992), and represent a significant fraction of bioactive OM preserved in the 

marine sediments (Keil et al., 2000; Vandewiele et al., 2009). Moreover, natural occurrence and 

geochemical behavior of amino acids have been evaluated in several types of samples (Cowie and 

Hedges, 1992; Gupta and Kawahata, 2000; Vandewiele et al., 2009). The contribution of amino acids 

carbon to total organic carbon and amino acid nitrogen to total nitrogen and relative proportion of 

individual amino acids and abundance of non-protein amino acids are useful diagenetic indicators 

(Cowie and Hedges, 1994; Dauwe et al., 1999; Davis et al., 2009).  

Heterotrophic microorganisms play an important role in the ecological and biogeochemical 

processes in the marine sediments. In marine sediments, heterotrophic activity account for most of 

OM re-mineralization (Jorgensen, 2000). Besides selectively utilizing the bioreactive OM including 

amino acids, bacteria contribute to the pool of living and non-living sediment OM in the form of 

bacterial cell walls and other bacterial macromolecules (Veuger et al., 2006; Lomstein et al., 2009). 

Bacterial biomass is rich in D-AAs (Jorgensen et al., 1999). D-AAs are the principal constituents of 

peptidoglycan, a structural biopolymer of bacterial membranes (Schleifer and Kandler, 1972). 

Peptidoglycan consists of alternate β-1, 4-linked N-acetylglucosamine and N-acetylmuramic acid 

strands cross linked by short peptide chains, which contains D-AAs alanine, aspartic acid, glutamic 

acid and serine. Peptidoglycan has been observed in dissolved, particulate and sedimentary OM from 

freshwater, estuarine, and open ocean environment (McCarthy et al., 1998; Dittmer et al., 2001; 

Jones et al., 2005; Lomstein et al., 2006). Cell wall peptidoglycan is relatively less accessible to 
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biodegradation than bulk OM (Tanoue et al., 1995; Nagata et al., 1998). Thus, D-AAs and other 

macromolecules derived from bacteria accumulate during degradation and thereby contribute 

significantly to detrital OM (Pedersen et al., 2001; Grutters et al., 2002; Lomstein et al., 2006; Kaiser 

and Benner, 2008). Eventually, bacteria may contribute significantly to the pool of organic carbon 

and nitrogen. Bacterial biomarkers such as D-AAs and muramic acid have been used to estimate 

bacterial contribution to bulk OM. However, this approach is subjected to several uncertainties due 

to the diversity of bacteria and the reactivity of bacterial biomarkers (Kaiser and Benner, 2008; 

Tremblay and Benner, 2009; Bourgoin and Tremblay, 2010). 

The aim of the present study was to provide a better understanding of the distribution, nature, and 

degradation state of OM of the sediment of the BOB. In order to achieve this objective, sediment 

cores were collected from various locations and water depths. These sediment cores were analyzed 

for THAA and D-AA concentration and composition. Further, the D-AAs were also used to estimate 

bacterial-C and N contribution to the total organic C and N. 

2. Materials and Methods 

2.1. Study area 

The BOB is one of the largest fresh water input sites of the world ocean (Fig. 1). BOB 

experiences a seasonally reversing monsoon, wherein the surface circulation is southwest during 

summer monsoon and northeast in winter monsoon. The annual fresh water discharge into the BOB 

exceeds 1.625 x 1012 m3, with associated suspended sediment discharge of about 1.382 x 109 tonnes 

(Subramanian, 1993). Because of the freshwater, the mean salinity of the waters reduces by about 3 

to 7 ‰ in the BOB during the summer monsoon (Prasanna Kumar et al., 2002). The major input of 

the suspended particulate matter (109 tonnes) into the BOB is mainly through the Himalayan Rivers-

the Ganga and Brahmaputra, and peninsular Indian rivers such as Mahanadi in the north, Godavari 

and Krishna in the central, and Irrawady, Pennar and Cauvery in the southern region (Rao, 1985). 

About, 0.6 x 1012 mol Corg yr-1 is brought into the BOB by the Ganga-Brahmaputra system (Galy et 

al., 2007). The high sea surface temperature and the low salinity in the BOB lead to strong 

stratification of the water column, which prevents the transport of nutrient rich bottom waters into 

the surface. Moreover, the weak winds prevailing in the BOB are unable to break the thermocline 

layer. Frequently, occurring cyclones enrich the surface waters with nutrients, resulting in localized 

algal blooms (Vinayachandran and Mathew, 2003). Moreover, the western boundary of the BOB is 

characterized by intense western boundary currents, East India Coastal Currents, and eddy activities 

(Nuncio and Prasanna kumar, 2012). Upwelling has been observed along the western boundary of 
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the BOB (Shetye et al., 1991). Although the BOB has low biological productivity, there is a wide 

range of spatial and temporal variability in the biological productivity in the BOB (Prasanna kumar 

et al., 2010). The river run-off in the northern region besides freshening water column also adds 

nutrients to surface waters. During south west monsoon, river run-off as well as upwelling in the 

western boundary results in high chlorophyll a (Fernandes et al., 2009) and primary production 

(Prasanna Kumar et al., 2010). Moreover, frequently occurring cyclones and eddies enhance 

biological production several folds in the BOB (Vinayachandran and Mathew, 2003; Prasanna 

Kumar et al., 2010). Clastic sediments are recorded at the inner shelf and continental slope, while 

calcareous relict sediments are present at the outer shelf. Off the river mouth the shelf is covered by 

fine grained terrigenous sediments (Rao, 1964; Khodse et al., 2008). 

2.2. Sampling 

Six sediment cores were collected during the fall inter-monsoon (FIM) cruise-182 of the ORV 

Sagar Kanya in the BOB from 14 September to 12 October 2002 (Fig. 1). Immediately after 

collection, the upper 10 cm were sliced into 2 cm section; thereafter it was sliced into 5 cm section 

up to 25 cm. The sectioned sediments were dried at 40 °C in an electrical oven. Sediments were 

ground to a fine powder using an agate pestle and mortar, and stored at -20 °C until analysis. 

2.3. Estimation of TOC and TN 

Subsamples of sediments for TOC and TN content were acidified with 1N HCl to remove 

carbonates. Traces of HCl were removed by washing the sediments several times with distilled 

water. The sediments were then used for bulk TOC and TN analysis. Concentrations of TOC and TN 

were determined by combusting pre-weighed samples in Elemental analyzer (Thermo Electron 

Corporation, Flash ES 1112 Series). Atropine was used as a standard. The C/N ratio was calculated 

as the molar ratio of TOC to TN. Coefficient of variation for TOC and TN analysis was 1.05 % and 

0.3 %, respectively. Concentrations of TOC and TN are expressed as milligram per gram dry weight 

(mg g-1).  

2.4. Sedimentation rates 

210Pb in the sediment core sections was determined following the procedure described by Ram et 

al., (2009). The sedimentation rate was calculated from the 210Pbexc activity. The 210Pbexc activity 

decreased with depth, due to decay of the radioactive compound with time. Hence, the estimation of 

the sedimentation rate was possible. The sedimentation rates have been estimated from the depth 

profile of 210Pbexc in a core assuming the constant initial concentration (CIC) model (Koide et al., 
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1972; Krishnaswami and Lal, 1978). The apparent ages of the sediment layers have been calculated 

using linear sedimentation rate. 

The accumulation rate was calculated as given below: 

                         Accumulation rate (mg/cm.yr-1) = AAconc X ω X ρ 

where, AAconc = total hydrolysable amino acid concentration (mg g-1), ω = sedimentation rate 

(cm yr-1) and ρ= grain density (gm/cm2). 

2.5. THAA and D- amino acids analysis 

Sediment sample (50 mg) was hydrolyzed with 6 N HCl at 110 °C for 24 h and individual total 

hydrolysable amino acids (THAA) were separated and quantified following details described earlier 

(Bhosle et al., 2005; Fernandes, 2011). Briefly, to 50 µl of the sample 50 µl of the o-

phthaldialdehyde (OPA) reagent was added (Lindroth and Mopper, 1979; Bhosle et al., 2005). The 

reaction was carried out for 2 min, and 50 µl sample was injected on the Varian Chrompack reversed 

phase column (4.6 mm ID, 15 cm length, 5 µm particle size). A binary solvent system consisting of 

50 mM sodium acetate buffer (pH 6.5) containing 3% of tetrahydrofuran as solvent A and methanol 

as solvent B was used to separate amino acids which were subsequently detected using a 

fluorescence detector (excitation λ= 328 and emission λ= 450 nm). The sum of the concentrations of 

all the identified amino acids is expressed as total hydrolysable-AA (THAA). The relative 

concentration of individual amino acids is expressed as Mol % of total THAA. The relative standard 

deviation (SD) for replicate samples varied between 6 and 10 % for individual THAA. 

Concentrations of THAA are expressed as milligram per gram dry sediment weight (mg g-1). THAA-

C and THAA-N yields were measured as % THAA-C/TOC and % THAA-N/TN, respectively. 

For the D-amino acid (D-AA) analysis, method of Fitznar et al. (1999) as described in Fernandes 

(2011) was used. D- and L-enantiomers of aspartic acid, glutamic acid, serine and alanine were 

separated and determined in the sample by high performance liquid chromatography (HPLC, 

Shimadzu model 1) using fluorescence detector (Ex: 330 nm, Em: 445 nm) after pre-column 

derivatisation with o-phthaldialdehyde and N-isobutyryl- L- cysteine. A Varian Chrompack reversed 

phase column (4.6 mm ID, 15 cm length, 5µm particle size) was used to separate D-amino acids. A 

multi-step gradient system consisting of solvent A and B of 25 mM sodium acetate buffer at pH 7.0 

and pH 5.3, respectively, and methanol as solvent C at flow rate of 1 ml/min was used for the D- and 

L-AA separation. The calibration and quantification were done using external standards. The sum of 

four identified D-amino acids is defined as total D-amino acids (D-AA). The relative standard 
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deviation (SD) for the replicate samples varied between 8 and 10 % for D-AAs. The concentrations 

of D-AAs were corrected for racemization as suggested by Kaiser and Benner (2005). 

Concentrations are expressed as µmol per gram dry sediment weight (µmol gdw-1). Mol % D-AA 

was calculated using the following equation:                           

                             Mol % D-AA = (total D-AA/THAA) X 100                                              

where, D-AA and THAA are molar concentrations 

2.6. Contribution of peptidoglycan to THAA 

In order to determine the relative contribution of peptidoglycan (THAApep) to the total 

hydrolysable AA (THAA) pool in sediments, it was assumed that the percentages of D- and L-

isomers of aspartic acid, glutamic acid, alanine, and serine in sediment peptidoglycan (THAApep) 

were identical to the respective percentages in peptidoglycan of G+  S. aureus (Pedersen et al. 

,2001). The total sediment peptidoglycan pool (THAApep) was calculated using the equation given 

below: 

                        % THAApep = (THAApep X 100)/ THAA 

where, THAApep was calculated as D-AA measured in sediments + THAApep (measured as D-AA 

multiplied by peptidoglycan L:D ratios from S. aureus (Pedersen et al., 2001). 

2.7. Bacterial contribution to OM 

The proportion of bacterial-C and N was calculated as suggested by Bourgoin and Tremblay 

(2010) using the equation given below. 

                  % Bacterial C or N = 100[biomarker]sample/ [biomarker]bacteria   

where, [biomarker] sample and [biomarker] bacteria are the C- or N-normalized yields of specific 

biomarkers (e.g. D-alanine, and D-glutamic acid) in the sediment (sample) of BOB and different 

assemblage of bacterial cells (bacteria). 

2.8. Statistical analysis 

Principal component analysis (PCA) based on the Mol % THAA (Table 1) was used to rank the 

stations in terms of OM quality. The statistical software package Statistica 6 was used for the 

analysis. The first axis of the PCA was used to estimate the degradation index (DI) (Dauwe and 

Middelburg, 1998). The DI was estimated using the formula given below: 



7 

 

                                 

where vari  is the non-standardized mole percentage of amino acid i,  AVGvari, and STDvari are the 

average and standard deviation of the non-standardized mole percentage of amino acid i in all 

samples, respectively, and the fac.coef.i is the factor coefficient for amino acid i.  

3. Results 

3.1. Bulk geochemical parameters  

The concentrations of TOC, TN and C/N ratio in the sediment cores of the BOB are shown in 

Table 1. TOC and TN concentration showed significant (p<0.001) spatial variations, and ranged 

from 8.2 to 24.8 mg g-1 and 0.6 to 1.8 mg g-1, respectively. The concentrations of both TOC and TN 

were not influenced by the sediment core depth. The molar C/N ratios for the BOB sediments varied 

from 8.9 to 18.0, and did not reveal any particular trend with water column or sediment core depth 

(Table 1). In surface sediments (0-2 cm), C/N ratio was lowest (9.2) for BOB-1 and highest for 

BOB-5 (Table 1).  

3.2. Amino acid concentrations and yields 

THAA concentrations, THAA-C yields, and THAA-N yields varied from 0.34 to 1.71 mg g-1, 1.0 

to 5.6 %, and 3.0 to 17.3 %, respectively in the sediment cores of the BOB (Table 1). The THAA 

concentrations and yields showed significant (p<0.001) spatial differences (Fig. 2a). In surface 

sediments, THAA concentrations and THAA-C yields decreased with water depth (Fig. 2a). THAA-

C and THAA-N yields in surface sediments of the BOB-1 were relatively higher than those recorded 

at the surface of other sediment cores (Fig. 2a).  

Generally, both THAA concentrations and yields did not show consistent gradients with 

sediment core depth. In the upper 2 to 6/8 cm, THAA concentrations and THAA-N yields decreased 

significantly (p< 0.0001), and thereafter increased irregularly for the cores BOB-1, and BOB-2 (Fig. 

2b). However, for BOB-3, THAA concentrations and yields decreased in the upper 2 to 15 cm 

(Fig.2b). Conversely, THAA concentrations and yields did not demonstrate any significant variation 

with sediment core depth for BOB-4, BOB-5, and BOB-6 (Fig. 2b). Accumulation rate showed 

significant positive relationships with THAA concentrations (r=0.75, n=40, p < 0.001), % THAA-C 

(r=0.80, n=40, p< 0.001) and % THAA-N (r=0.55, n=40, p< 0.001) (Fig. 3). 
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3.3. THAA composition  

Glycine, alanine, aspartic acid, glutamic acid, valine, and lysine were generally the abundant 

amino acids in the sediments of the BOB (Table 1). In the surface sediments, glycine was the 

abundant amino acid at all the stations. Mol % glycine increased significantly (t-test p< 0.0001) 

while serine and threonine did not increase with increasing water column (Fig. 4). In contrast, Mol % 

leucine, isoleucine and phenylanine decreased significantly (t-test p< 0.0001) with the water depth 

(Fig. 4).  

The molecular composition of the THAAs did not vary much with sediment core depth for most 

of the sediment cores, except BOB-3 and BOB-6 (Table 1). Mol % of glycine increased while that of 

aspartic acid and glutamic acid decreased with sediment core depth for BOB-3. In contrast, for BOB-

6, Mol % glycine was higher at the surface (0 to 4 cm) and decreased thereafter with sediment core 

depth.  

The non-protein amino acid, β-alanine (β-ala), accounted for 1.0 to 5.0 Mol % of THAAs (Table 

1). In the surface sediments, Asp/β-ala ratio decreased with the increasing water column, and did not 

show consistent trend with the sediment core depth (Table1). Asp/β-ala ratio was very high (6 to 8) 

for the core BOB-1 (Table 1). 

3.4. Degradation Index  

DI ranged from -2.6 to 1.6 and with the exception of BOB-3, decreased with increasing water 

depth (Fig. 5a, Table 1). Surface sediments of the BOB-1, BOB-2, BOB-3, and BOB-4 showed 

positive, while BOB-5 and BOB-6 negative DI values (Fig. 5a, Table 1). DI values did not show 

consistent trend with sediment core depth except BOB-6 where it was negative in the upper 4 cm and 

then became positive at greater depths (Fig. 5b, c; Table 1).  

3.5. D-amino acids 

The concentrations of D-AAs,  Mol % D-AAs, and  % THAApep/THAA in the sediment cores 

varied from 0.04 to 0.76 µmol gdw-1, 0.3 to 8.5 Mol %, and 3.9 to 55.0 % of THAA, respectively 

(Table 2). In the surface sediments, concentrations of D-AAs, % THAApep/THAA, and Mol % D-

AAs were lowest for BOB-1, intermediate for BOB-4, BOB-5, and BOB-6, and highest for BOB-2 

and BOB-3 (Fig.6a, Table 2). The concentrations of D-AAs, Mol % D-AAs and % THAApep/THAA 

were higher at the surface (0-2 cm) for the cores BOB-2 and BOB-3 and decreased in the upper 4 cm 

for the former and 6 cm for the latter, and did not show consistent trends below these depths. These 

parameters did not vary much with sediment core depth for BOB-1, BOB-4, BOB-5, and BOB-6 
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(Fig. 6b, c, Table 2).  

Based on the D-alanine and D-glutamic acid yields, bacteria accounted for 1.5 to 15.6 % of TOC 

and 3.7 to 50.0 % of TN in the sediment cores of the BOB (Table 2). Bacterial contribution to bulk 

TOC and TN was relatively higher (P<0.001) at stations BOB-2 and BOB-3 than at other sediment 

cores. Bacterial–C and N did not produced consistent trends with sediment core depth (Fig. 6 d-i). 

4. Discussions 

4.1. Amino acid concentrations in surface sediments and sediment cores 

The THAA concentrations (0.34 to 1.71 mg g-1) observed in the present study were in the range 

of values recorded earlier for the BOB sediments. For example, Unger et al. (2005) reported THAA 

concentrations varying from 1.57 to 3.37 mg g-1 in surface sediments of the BOB. Similarly, in 

surface sediments of the BOB, THAA concentrations varied from 0.09 to 0.68 mg g-1 (Bhosle and 

Dhople, 1988). However, the concentrations and yields of THAAs were lower than those reported 

from other regions (Lee et al., 2000; Grutters et al., 2002; Lomstein et al., 2006, 2009; Vandewiele et 

al., 2009). In the BOB, water column overlying the surface sediments is usually oligotrophic. 

However, river run-off and frequently occurring cyclonic eddies enriches the surface waters with 

nutrients, which in turn increased primary production (PP) (Prasanna Kumar et al., 2007). High PP 

(334 to 350 mg C m-2d-1) may account for higher THAA concentrations at stations BOB-1 to BOB-3 

(Gauns et al., 2005; Prasanna Kumar et al., 2007). BOB-2 and BOB-3, the northernmost stations are 

influenced by rivers. Therefore, high concentrations of THAA at these stations may be derived from 

riverine biological production brought in the BOB by the rivers due to advection and strong currents. 

The observed decrease in concentrations and yields of THAAs in the upper 0 to 6, 0 to 8, and 0 to 15 

cm for the cores BOB-1, BOB-2, and BOB-3, respectively suggest their utilization by heterotrophic 

microorganisms (Fig. 2b). The relatively constant THAA concentration and yields with the sediment 

core depth for the cores BOB-4, BOB-5, and BOB-6 indicate that OM has undergone extensive 

diagenetic alterations prior to settling on the ocean floor (Fig. 2b).  

Significant positive correlation between THAA concentrations and mass accumulation rate 

suggest that increasing sedimentation favour the preservation of labile organic substances (Muller 

and Suess, 1979). Near coastal environments are characterized by higher primary production, shorter 

food chains and higher export production than the pelagic environments (Eppley and Peterson, 

1979). Moreover, the ballasting of lithogenic material brought in by rivers further enhances 

sedimentation and mass accumulation rates. Induced primary production coupled with ballasting of 
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lithogenic material presumably hastens the removal of freshly produced organic material from 

surface water column to the bottom sediments (Jacob et al., 2008). Such a process reduces the period 

of degradation at the sediment–water boundary. Higher sinking speeds, induced by higher total 

fluxes and mineral ballast also reduce the time for degradation in the water column (Sirocko and 

Ittekkot, 1992). Moreover, OM complex with minerals is less degradable. Such processes may be 

associated with the preservation of labile compounds such as amino acids in the sediments of BOB.  

4.2. Spatial variation in THAA composition in surface sediments and sediment column 

Molecular composition of THAA observed for the BOB sediments is consistent with previously 

reported values from other regions dominated with planktonic inputs (Haugen and Lichtentaler, 

1991; Cowie and Hedges, 1992; Dauwe and Middelburg, 1998; Lomstein et al., 1998, 2006; 

Pedersen et al 2001; Vandewiele et al., 2009). Increasing abundance of glycine with the water 

column at most of the stations indicates presence of degraded OM in the sediments of BOB (Fig. 4). 

Dauwe et al. (1999) observed higher proportion of glycine in the highly degraded OM. Accumulation 

of glycine is ascribed to its close association with biogenic silica in diatom cell walls and frustules, 

which protects it from degradation, resulting in its accumulation. (Hecky et al., 1973; Cowie and 

Hedges, 1992; Dauwe and Middelburg, 1998; Keil et al., 2000). Although, glycine increased, the 

other cell wall associated amino acids serine and threonine did not increase with water depth. In the 

view of this, the presence of glycine in structural matrices of diatoms and bacteria may not be the 

only possible reason for its enrichment in degraded OM. Other factors such as its simple stable 

structure, minor food value, and its synthesis by heterotrophic organisms may be involved in the 

observed enrichment of glycine with increasing water depth. Composition of THAAs did not vary 

much with sediment core depth. However, the decrease in Mol % aspartic acid and glutamic acid 

with sediment core depth at station BOB-3, suggests utilization of these amino acids by in-situ 

heterotrophic organisms (Table 1). 

β-alanine (β-ala), the bacterial degradation byproduct of aspartic acid, increases with progressing 

degradation and sediment age. Increasing Mol % β-alanine and decreasing Asp/β-ala ratio with 

increasing water column suggest the presence of degraded OM at greater water depths (Fig. 4; Table 

1). Relatively high Asp/β-ala ratios for BOB-1 indicate the presence of fresh OM, probably because 

of relatively shallow water column (70 m) at this station (Table1). This conclusion was also 

supported by relatively higher THAA yields for BOB-1.  

The amino acid based degradation index (DI) was used to assess the quality of the sediment OM 

of the BOB. Positive DI, high THAA yield, and Asp/β-ala ratio indicate the presence of fresher OM 



11 

 

in surface sediments of the BOB-1 to BOB-3. Conversely, negative DI, low THAA yields, and 

Asp/β-ala ratio indicate the presence degraded OM in surface sediments of BOB-5 and BOB-6. 

Similar trend in DI values with water depth was observed by Pantoja and Lee (2003) and Lomstein et 

al. (2006). Interestingly, positive DI values at depth > 6 cm were associated with low THAA yields, 

and high C/N ratios indicating the presence of degraded OM. This contrasting behavior of these 

diagenetic indicators was due to abundance of Mol % glycine in surface sediments of BOB-6. 

Lomstein et al. (2006) observed negative DI at the surface and positive DI at greater depths of the 

sediment core from the Chilean coast. They attributed lower DI in the upper 6 cm sediment layer to 

the presence of extremely high glycine (22 to 31 Mol %). High proportion of glycine due to glycine-

rich plankton was also responsible for the low DI values in the sediments of Southern Ocean (Ingalls 

et al., 2003).  

4.3. D-amino acids and Bacterial contributions to OM 

The total D-AA concentrations and % THAApep/THAA were in the range of values reported 

earlier for the surface sediments from other environments (Pedersen et al., 2001; Grutters et al., 

2002; Lomstein et al., 2006, 2009; Vandewiele et al., 2009). Higher concentrations and Mol % D-

AA, and % THAApep/THAA at BOB-2 and BOB-3 than at other stations may indicate greater 

bacterial biomass or presence of degraded OM. However, at BOB-2 and BOB-3, THAA yield, DI 

values and Asp/β-ala ratios, were relatively higher than at other stations implying that OM was 

relatively fresh and had bacterial imprint at these stations (Jorgensen et al., 1990; Bourgoin and 

Tremblay, 2010; Fernandes, 2011). At BOB-1, low concentrations and Mol % D-AA, % 

THAApep/THAA and C/N ratio were associated with high values for THAA yield, DI and Asp/β-ala 

ratios indicating the presence of fresh OM due to fast sedimentation and burial. In contrast, at 

stations BOB-4, BOB-5 and BOB-6, high concentrations of D-AA, Mol % D-AA, % 

THAApep/THAA and high C/N ratios were associated with low yields of THAA, negative DI and low 

Asp/β-ala ratios indicating the presence of degraded OM at these stations.  

Bacteria play an important role in influencing the biochemical composition of sediment OM. 

Bacteria accounted for 1.5 to 15.6 % of TOC and 3.7 to 50.0 % of TN to the OM of the sediments of 

BOB (Table 2). These values compares well with those reported from other environments. Bacteria 

accounted for ~ 25 % of C and ~50 % of N in marine POM from the Sargasso Sea in North Atlantic 

Ocean and North Pacific Ocean (Kaiser and Benner, 2008). Tremblay and Benner (2009) estimated 4 

to17 % of the C and 17 to 37% of the N in the POM of Amazon River, whereas bacterial OM 

accounted for ~ 20% of POC and ~ 40 to 70 % of PON in the St. Lawerence system (Bourgoin and 
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Tremblay, 2010). Bacterial OM accounted 37 % of POC and 50 % of PON in the Mandovi estuary 

(Fernandes, 2011). Contribution of bacterial-N to TN was relatively higher (27 to 28) at surface 

sediments of stations BOB-2 and BOB-3 than at other stations due to greater abundance of bacteria 

at these stations. 

5. Conclusions 

BOB sediment cores were analyzed for THAA and D-AA. The data were useful to understand 

spatial and sediment depth related distribution of amino acids. The influence of water depth and 

sediment core depth on the concentration and composition of THAA and D-AA was evident. Various 

biogeochemical indicators, such as THAA yields, THAA composition, DI, and D-AAs were applied 

to understand the diagenetic alteration of the OM of sediment cores of BOB. It appears that water 

depth play an important role in determining the quality of OM arriving at the sediment surface. The 

distribution of D-AAs and THAApep/THAA suggest that OM at the sampled stations were enriched 

with bacterial cell wall components. 
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Fig.1. Bathymetric Map  (Shading)  showing  sampling  locations  in Bay of Bengal.  The Map  generated  from 
ETOPO2  overlaid  climatologically monthly mean  surface  currents  (Arrow  0.5 m/s)  for  the month  of  July 
generated from Aviso sea level height anomaly data. 
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Fig.2. Variation of THAA concentrations and yields in the surface sediment (0‐2 cm) with water depth (a) and 
sediment core depth (b) in the Bay of Bengal. 
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Fig.3. Relationship between the THAA concentrations (a), % THAA‐C, (b) and % THAA‐N (c) yields with amino 

acid accumulation rate in Bay of Bengal. 
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Fig.4. Variation  in  the THAA  composition  (as Mol %)  in  surface  (0‐2  cm)  sediments of Bay of Bengal. Asp: 

aspartic acid, Glu: glutamic acid, Ser: serine, Thr: threonine, Gly: glycine, Arg: arginine, β‐Ala: beta‐alanine, 
Ala: alanine, Tyr:  tyrosine, Val: valine, Phe: phenylalanine,  Ile:  isoleucine, Leu:  leucine, Orn: ornithine,  Lys: 
lysine  
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Fig.5. Variation  in degradation  index (DI) of OM  in the surface sediment with water depth (a) and sediment 
core depth (b & c) in the Bay of Bengal. 
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Fig.6. Variation of total D‐AAs and contribution of bacterial‐C to TOC and bacterial‐N to TN  in the sediment 
surface with water depth (a, d & g) and sediment core depth (b, c, e, f, h & i) in the Bay of Bengal 
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Table 1 

Sediment age, total organic carbon (TOC), total nitrogen (TN), molar carbon/nitrogen ratio (C/N ratio), concentration and yields of THAA, Mol 

% composition of THAAs, aspartic acid/ beta‐alanine ratio (Asp/β‐ala ratio) and degradation index (DI) in the sediments of the Bay of Bengal   

   

                                  Continued 
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ND = No Data, Asp: aspartic acid, Glu: glutamic acid,  Ser:  serine, Thr:  threonine, Gly: glycine, Arg: arginine, β‐Ala: beta‐alanine, Ala: alanine, Tyr: 

tyrosine, Val: valine, Phe: phenylalanine, Ile: isoleucine, Leu: leucine, Orn: ornithine, Lys: lysine  
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Table 2 

Concentration and composition D‐amino acids (Mol % D‐AA), contribution of peptidoglycan AA to THAA (% THAApep/THAA), carbon and nitrogen normalized 
yields of individual D‐AAs and contribution of Bacterial‐C and –N to bulk organic matter of the sediments cores of the Bay of Bengal 

                                  Continued 
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D‐Asp: D‐aspartic acid, D‐Glu: D‐glutamic acid, D‐Ala: D‐alanine, D‐Ser: D‐serine. Mol % D =D‐AA X 100/ THAA  


