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35. AMINO ACIDS IN INTERSTITIAL WATERS FROM SITES 790 AND 791
IN THE IZU-BONIN ISLAND ARC1

Hodaka Kawahata2 and Toshio Ishizuka3

ABSTRACT

Sites 790 and 791 lie in the eastern half graben of the Sumisu Rift, a backarc graben west of the active Izu-Bonin arc volcanoes
Sumisu Jima and Tori Shima, at 30°54.96'N, 139°50.66Ti, in 2223 m water depth and 30°54.97'N, 139°52.20'E, in 2268 m water
depth, respectively. A small decrease in the sulfate concentration in the interstitial waters from these sites suggests fairly low
microbial activity by sulfate-reducing bacteria.

The values of the dissolved free amino acids (DFAA) in the interstitial waters from both sites range from 1.26 to 6.82 µmol/L,
with an average of 3.81 µmol/L. The acidic, basic, neutral, aromatic, and sulfur-containing amino acids have average values of
0.32, 0.50, 2.71, 0.15, and 0.09 µmol/L, respectively. The relative abundances of the acidic, basic, neutral, aromatic, and
sulfur-containing amino acids average 8, 13,72,4, and 1 mol%, respectively. Glycine, serine, alanine, ornithine, and aspartic acid
are major constituent amino acids. The dissolved combined amino acids (DCAA) values range between 1.25 and 44.35 µmol/L,
with an average of 10.36 µmol/L. The mean concentrations and relative abundances of the acidic, basic, neutral, aromatic, and
sulfur-containing amino acids are 2.29 (22 mol%), 0.60 (6 mol%), 6.70 (65 mol%), 0.09 (1 mol%), and 0.00 µmol/L (0 mol%),
respectively. Glycine is the most abundant amino acid residue, followed by glutamic acid, serine, and alanine. The predominance
of DCAA over DFAA present in the interstitial waters from Sites 790 and 791 is consistent with previous results from
interstitial-water and seawater analyses.

The most plausible source for the DCAA is biogenic calcareous debris. A much greater depletion of aspartic acid and the basic
fraction, except for ornithine, is found in the DCAA. The decomposition of the basic amino acid fraction or its incorporation to clay
minerals would result in a decrease in its relative abundance, whereas ornithine is produced during early diagenesis. The characteristics
of the amino acids in the interstitial waters are (1) a greater depletion of the acidic amino acid fraction in the DFAA than in the DCAA
and (2) the enrichment of glycine and serine in both. The adsorption or reaction of the amino acids in interstitial waters with biogenic
carbonates would be responsible for the lower relative abundance of the acidic fraction of the DFAA. The production of glycine during
early diagenesis and its stability in solution would raise its relative abundance in the interstitial waters.

INTRODUCTION

Amino acids are common to all organisms and major nitrogenous
compounds in sediments and interstitial waters (Degens, 1970; Hen-
richs and Farrington, 1979). Total sediment hydrolyzable amino acids
usually decompose more rapidly than total sediment organic carbon
(e.g., Whelan, 1977; Malta et al., 1982). However, the composition
of the total sediment hydrolyzable amino acids rarely changes signifi-
cantly with depth (Rosenfeld, 1979; Henrichs et al., 1984). In contrast,
both the concentration and composition of the dissolved free amino
acids (DFAA) change markedly with depth (Henrichs and Farrington,
1979; J0rgensen et al, 1981; Henrichs et al., 1984). This difference
reflects the differing time scale of supply and removal: tens of years
or more for total sediment organic carbon and total sediment hydro-
lyzable amino acid, but less than one day for DFAA (Christensen and
Blackburn, 1980).

Because the amino acid concentrations in interstitial waters are
much lower than those in sediments, even small changes of the latter
would lead to large changes of the former. Thus, the dissolved
combined amino acids (DCAA) in interstitial waters as well as the
DFAA seem to be sensitive and important indicators of early diagene-
sis. However, little work on this subject, particularly on DCAA in
interstitial waters, has been done (Ishizuka et al., 1988; Kawahata and
Ishizuka, 1989; Kawahata et al., 1990; Ishizuka et al., 1990). There-
fore, this paper presents the results of the DFAA, DCAA, and total
hydrolyzable amino acids (THAA) in interstitial waters collected
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during Ocean Drilling Program (ODP) Leg 126 and discusses their
characteristics and the relationship among them.

METHODS

Sampling and Storage

Interstitial waters from the sediments at Sites 790 and 791 were
collected aboard JO1DES Resolution by hydraulic squeezing. All
interstitial-water samples were filtered through 0.22-µm Millepore
cellulose acetate filters in the shipboard laboratory. For amino acid
analysis of the interstitial water, a 5-mL aliquot of the water sample
was placed in a precombusted glass ampule. After being flushed with
helium, the ampule was sealed and stored refrigerated (1°-2°C) until
delivery to the land-based laboratory.

Analytical Procedures: Amino Acids

The DFAA in the interstitial waters were analyzed after the addi-
tion of 7 µL of ultrapure (amino-acid-free) 17% HC1 to 0.7 mL of an
interstitial-water sample. Amino acid concentrations were determined
by direct injection of the sample into an automated liquid chroma-
tograph (Hitachi model 835). The reported concentrations have been
corrected for the reagent blank.

For total hydrolyzable amino acids (THAA), 1 mL of interstitial
water, together with 1 mL of ultrapure concentrated HC1 to adjust the
solution to 6N HC1, was placed in a precombusted glass ampule and
hydrolyzed at 110°C for 22 hr under an argon atmosphere. Then, the
solution was evaporated gently using a rotary evaporator at a tem-
perature lower than 42°C and the residue was redissolved in 1 mL of
0.01 mol HC1. This aliquot was injected into the amino acid analyzer.
The standard deviation for amino acid analysis based on replicated
measurements of a standard solution (about 1 µmol/L for amino acids)
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was < 10%, and the detection limit of our method was about 0.05 µmol/L.
Low values of DFAA and THAA near the detection limit may not be
dependable. Nevertheless, we retain these values because they confirm
that the amino acid concentration is low (Ishizuka et al., 1988).

SUMMARY OF THE GEOLOGICAL FRAMEWORK

Sites 790 and 791 lie in the eastern half graben of the Sumisu Rift,
a backarc graben west of the active Izu-Bonin arc volcanoes Sumisu
Jima and Tori Shima (Fig. 1). Site 791 was drilled on the western edge
of the flat basin floor of the graben, whereas Site 790 is situated on a
slight rise and structural high to the west of the flat basin floor. The
sites are 2.4 km apart.

Site 790 is at 30°54.96'N, 139°50.66'E, at 2223 m below sea level
(mbsl). The stratigraphic succession consists of three lithologic units
composed predominantly of volcanogenic materials; the upper two units
are sedimentary, whereas the basal unit is igneous. The sedimentary units
also contain variable quantities of biogenic materials, mainly nannofos-
sils (Table 1). Site 791 is at 30°54.97'N, 139°52.20'E, at 2268 mbsl. The
succession is divided into three lithologic units; the upper two units are
sedimentary and the lower one is igneous (Table 1).

Sedimentation rates determined from calcareous nannofossil and
radiolarian datums and from paleomagnetic events at each site exhibit an
exponential increase over the recovered interval. At Site 791, sedimenta-
tion rates increase from 344 m/m.y. at the base of Unit II (approximately
1 Ma) to more than 2200 m/m.y. at the top of Unit I. At Site 790,
sedimentation rates increase from 90 m/m.y. at about 1 Ma to about
1000 m/m.y. at present. Before 0.275 Ma, sedimentation rates at Site 791
are approximately 4 times those found at Site 790. Between 0.275 and
0.10 Ma, linear sedimentation rates at Site 791 are greater by a factor of
3 (Table 1) (Shipboard Scientific Party, 1990).

Average total organic carbon (TOC) and inorganic carbon (carbonate)
are 0.40 and 1.85 wt% (15.4 wt%) at Site 790 and 0.45 and 2.24 wt%
(18.6 wt%) at Site 791 (Shipboard Scientific Party, 1990).

INORGANIC CHEMISTRY OF THE INTERSTITIAL
WATERS

The chlorinity and pH are about 514 mmol/L and 7.57, respec-
tively, and are fairly constant throughout the holes drilled at Site 790.
The concentrations of sulfate decrease gradually from 27.9 to 15.1
mmol/L in the upper 200 m and increase to 22.9 mmol/L at the bottom,
which suggests low activity of sulfate-reducing bacteria. The profile
of calcium is similar to that of sulfate. Average concentrations of
calcium, magnesium, ammonium, and silica are 9.2 µmol/L, 52.4
mmol/L, 754 µmol/L, and 699 µmol/L, respectively.

Chlorinity, pH, and sulfate concentration are fairly constant
throughout the holes of Site 791. Their mean values are 565 mmol/L,
7.60, and 27.2 mmol/L, respectively. The calcium concentration is at
about 20 mmol/L in the upper 40 m, and it decreases abruptly to about
10 mmol/L between 40 and 200 m below seafloor (mbsf) and gradu-
ally increases below this depth. Magnesium concentration vs. sub-
bottom depth shows a reversed profile of the calcium concentration.
The Mg concentration is about 45 mmol/L in the upper 40 m, increases
abruptly to about 53 mmol/L between 40 and 200 mbsf, and decreases
gradually below this depth. The average concentrations of ammonium
and silica are 363 and 543 µmol/L, respectively (Shipboard Scientific
Party, 1990).

RESULTS

Site 790

The concentrations of THAA in the interstitial waters are given in
Table 2 and are plotted vs. sub-bottom depth in Figure 2. The THAA
values range between 3.53 and 19.36 µmol/L and average 8.18
µmol/L. Neutral amino acids are the most abundant fraction of the
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Figure 1. Location of Sites 790 and 791.

amino acids and account for 62% of the total THAA. The average
concentration is 5.10 µmol/L. The second most abundant fraction is
the acidic amino acids. The mean concentration is 1.68 µmol/L, which
constitutes 21 mol% of the total THAA. The basic amino acid fraction
is 0.72 µmol/L on average, which accounts for 9% of the total THAA.
The aromatic and sulfur-containing amino acids are minor fractions.
Their mean values are 0.11 and 0.09 µmol/L, respectively. The relative
abundances of aromatic and sulfur-containing amino acids are each
only 1 mol% of the total THAA. The THAA composition shows no
consistent trend with sub-bottom depth or with the total concentration.
Glycine is the most abundant amino acid residue, with glutamic acid,
serine, and ornithine next. The f and α-amino butyric acids and
ß-alanine of nonprotein amino acids constitute about 2,1, and 1 mol%
of the total THAA, respectively.

The DFAA concentrations in the interstitial waters are given in
Table 3 and Figure 3 and are plotted vs. sub-bottom depth in Figure
2. Total DFAA values range from 1.26 to 6.82 µmol/L and average
3.41 µmol/L. Average values of the acidic, basic, neutral, aromatic,
and sulfur-containing amino acids are 0.32,0.40,2.50,0.07, and 0.09
µmol/L, respectively. The relative abundances of acidic, basic, neu-
tral, and aromatic amino acids average 9, 12, 73, 12, and 2 mol%,
respectively. Glycine, serine, alanine, and ornithine are major amino
acids of DFAA. The DFAA shows that the profile is similar to that of
THAA. Relatively high concentration values are found at the near
surface (131 and 255 mbsf), which do not always correspond to high
values of TOC and CaCO3 in the sediments.
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Table 1. Characteristics of lithologic units, Sites 790 and 791.

Unit
Depth
(mbsf) Lithology Age

Porosity Density
(g/cm*)

Sedimentation
rate

(m/m.y.)

Site 790
I 0-165 Vitric silt, vitric sand, pum- Quaternary 67 2.6 717

iceous gravel, clayey silt,
and silty clay. Gravels are
felsic; sands are mafic and
felsic. Triplet beds of
black sand/silt, light gray
vitric clayey silt, and bur-
rowed clayey silt with
pumice and basaltic
grains.

165-266.6 Nannofossil clay, nannofossil- Quaternary 66 2.7 131
rich clay, silty clay, and
clayey silt. Thin ash beds.
Scattered pumice and sco-
ria clasts. Triplet beds
from 165 to 184 mbsf as
in Unit I.

266.6-387 Scoriaceous basalt. Quaternary - - -

0-428.4 Pumiceous gravel, pumiceous Quaternary 66 2.5 1930
pebbly sand and sand,
vitric silt with minor clay,
silty clay, and nannofossil-
rich silty clay.

428.4-834 Nannofossil-rich claystone Quaternary 59 2.7 522
and nannofossil claystone
with scattered volcanic
grains, particularly below
680 mbsf; nannofossil
sandy mudstone; and
vitric silt. Pyrite occurs in
burrows.

834-1145 Basalt, diabase, basaltic Quaternary - - -
mousse, felsic ash to
lapilli tuff, and rare dark
vitric silt.

Note: Mean values from Shipboard Scientific Party (1990).
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Figure 2. Concentrations of acidic, basic, neutral, and total amino acids of THAAand DFAAin interstitial waters vs. depth, Site 790.

Site 791

Concentrations of individual THAA are given in Table 2. Total

concentrations of THAA range from 6.02 to 49.94 µmol/L and

average 20.16 µmol/L. In a plot of THAA concentrations vs. sub-

bottom depth (Fig. 4), total THAA values generally decrease vs.

sub-bottom depth. In contrast, the contents of CaCO3 in the sedi-

ments generally increase vs. sub-bottom depth. Fairly high values

are found at depths of 38 and 137 mbsf. In spite of the high

fluctuation of the total THAA values, the relative abundance of the

individual amino acids is fairly uniform throughout the holes. The

mean values of the acidic, basic, neutral, aromatic, and sulfur-con-

taining amino acids are 3.55, 1.49, 13.74, 0.37, and 0.09 µmol/L,

respectively. Their mean relative abundances are 18, 7, 68, 2, and

0.4 mol%, respectively.

Concentrations of individual DFAA given in Table 3 are plotted

vs. sub-bottom depth in Figure 4. Total DFAA concentrations range

from 1.74 to 5.83 µmol/L and average 4.21 µmol/L. Fairly high values

are found in the upper 150 m and at 813 mbsf. The mean values of

acidic, basic, neutral, aromatic, and sulfur-containing amino acids are
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Table 2. Concentrations in µmol/L of total hydrolyzable amino acids (THAA) in interstitial waters, Sites 790 and 791.

Hole, core, section
Interval (cm)

Depth (mbsf)

Acidic
Aspartic acid
Glutamic acid

Basic
Omithine
Lysine
Histidine
Arginine

INcutriil
Hydroxy

Threonine
Serine

Straight
Glycine
Alanine

Branch
Valine
Iso-leucine
Leucine

Other
Aspargine

Aromatic
Tyrosine
Phenylalanine

Sulfur
Cystein
Methionine

Other
Taurine
Citrulline
α-aminoadipic acid
α-aminobutyric acid
ß-aminobutyric acid
7-aminobutyric acid
ß-alanine

Total

790B-2H-3
140-150

13.25

0.39
0.84

0.34
—
—
0.07

0.49
0.78

1.56
0.96

0.36
0.27
0.19

_

0.08

0.02

—
—
—
0.13
—
6.48

79OB-3H-5
140-150

25.75

0.29
1.69

0.18
—
0.08
—

0.13
0.10

0.62
0.25

0.30
0.19
0.17

_

0.08
0.02

0.22
0.08
—
—
—

0.08
0.54
5.00

790B-6H-3
140-150

46.95

0.19
0.76

0.38
—

—

0.09
0.59

0.70
0.21

0.26
0.18
0.11

_

—
—
—
—

0.07
3.53

790B-8H-5
140-150

69.05

0.53
1.01

0.44
0.03

-

0.61
1.23

2.38
1.22

0.44
0.28
0.25

0.15

0.03

_

—
0.24

8.83

790B-9H-2
140-150

74.25

0.29
0.80

0.48
0.03

—

0.10
0.73

1.69
0.38

0.25
0.19
0.14

0.11

—

0.24
0.09
5.51

790C-2H-5
0-5

100.45

0.54
1.37

0.77
0.08

0.02

0.28
2.01

3.37
0.87

0.23
0.23
0.21

0.05

0 1 1

_

—
0.12
0.07

10.33

790C- 5H-5
140-150

130.95

0.54
1.78

0.58
0.03
0.04
0.03

0.48
1.74

2.98
1.15

_
0.29
0.26

_

0.21

0.02

—

—
0.09
0.07

10.30

790C-I0H-1
101—111

165.96

0.33
0.79

0.23
0.14

0.06

0.46
0.19

1.18
1.34

0.51
0.21
0.21

_

0.05

0.03

—
—
—
0.25
0.10
6.08

790C-13H-3
140-150

196.85

0.42
0.70

0.48
0.O4

0.08

0.33
0.53

1.67
0.82

0.19
0.18

0.06

0.02

—
0.35
0.12
6.00

790C-16H-3
140-150

227.25

0.51
1.07

0.80
0.05

0.13

0.41
1.11

2.36
0.99

0.24
0.21

0.18

0.03

—
—
—
0.37
0.10
8.57
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Figure 3. Composition of DFAA in interstitial waters, Sites 790 and 791. The mean mole percentage of each amino acid
from all lithologic units at both sites is plotted. Asp = aspartic acid, Glu = glutamic acid, Orn = ornithine, Lys = lysine,
His = histidine, Arg = arginine, Thr = threonine, Ser = serine, Gly = glycine, Ala = alanine, Val = valine, He = iso-leucine,
Leu = leucine, Tyr = tyrosine, Phe = phenylalanine, Cys = cysteine, and Met = methionine.

0.33,0.61, 2.93, 0.23, 0.08 µmol/L, respectively. Their mean relative
abundances are 8, 14, 70, 6, and 2 mol%, respectively.

DISCUSSION

DCAA in Interstitial Waters

Amino acids are present in free and combined states in the inter-
stitial waters. The concentration of DCAA can be calculated by

subtracting the DFAA concentration from the THAA concentration in
the interstitial waters from Sites 790 and 791 (Table 4 and Fig. 5). The
respective concentrations of DCAA and DFAA are, on average, 4.1
and 3.0 µmol/L in lithologic Unit I and 5.9 and 4.1 µmol/L in Unit II
at Site 790 and 22.4 and 4.6 µmol/L in Unit I and 4.6 and 3.5 µmol/L
in Unit II at Site 791. The results show a predominance of DCAA over
DFAA in the interstitial waters at Sites 790 and 791, which is consis-
tent with previous results from interstitial-water and seawater studies
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Table 2 (continued).

79OC-18H-2
140-150

254.65

1.16
2.50

1.19
0.45

(1.24

1.07
1.41

4.22
2.07

0.7K
0.32
0.56

0.21

0.95

79IA-2H-5
140-150

11.95

0.57
1.50

0.82
0.30
0.24
0.12

0.42
3.60

1.93
0.66

0.20
0.00
0.23

0.12
0.03

0.92

79IA-5H-3
140-150

37.45

2.08
8.13

3.46
0.75
1.01
0.31

1.78
8.67

14.90
3.79

1.33
0.80
1.07

0.45

79IA-9H-6
140-150

80.25

1.00
2.84

0.96
0.38
0.19
0.25

0.61
3.25

10.12
1.51

0.4?
0.24
0.54

0.29

79IA-12H-5
140-150

107.85

0.84
1.87

-

1.38
6.33

8.17
2.87

0.93
0.36
0.41

0.26

79IA-I5H-6
25-35

137.30

1.75
5.38

2.03
0.47
0.66
0.00

1.02
5.00

12.02
2.56

0.95
0.57
0.80

0.39

791A-18H-6
90-100

166.95

0.82
1.93

0.26
0.24
0.20
0.18

0.35
2.10

10.45
0.81

0.14
0.07
0.40

0.29

791A-22H-6
140-150

205.85

1.04
2.27

0.34
0.37
0.31
0.33

0.43
2.75

13.48
1.00

0.15
0.07
0.49

0.33

79IB-I0R-1
86-96

474.21

0.33
1.23

0.19
0.12
0.09
0.20

0.24
0.73

3.46
0.53

0.05
0.18

0.20

791B-13R-1
140-150

503.55

0.54
1.37

0.24
0.17
0.16

0.42
1.08

3.82
0.68

0.08

1.06
0.21

791B-23R-3
115-125

602.90

0.40
1.16

0.03
0.13

0.31
0.39

1.72
0.77

0.15

0.20

0.01
0.28

_

79IB-45R-2
140-150

813.20

0.40
1.57

0.57
0.16
0.13

0.20
0.74

1.77
0.74

0.30
0.13
0.22

0.18

_

0.30

1.20

0.37 0.04

0.07

0.07

0.03

0.07
0.19
0.06

19.36

0.13

11.85
0.99

49.94

—
3.40

26.24

—
0.29

24.02
0.43

34.43
0.74

19.02
0.38

23.93

0.05

0.50
8.08

0.41
10.24

0.28
6.02

0.80
8.04

Hydrolyzable Free

Relative abundance Total (µM/L) Relative abundance Total (µM/L)
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Figure 4. Concentrations of acidic, basic, neutral, and total amino acids of THAA and DFAA in interstitial waters vs. depth, Site 791.
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Table 3. Concentrations in µmol/L of dissolved free amino acids (DFAA) in interstitial waters, Sites 790 and 791.

Hole, core, section
Interval (cm)

Depth (mbsf)

Acidic
Aspartic acid
Glutamic acid

Basic
Ornithine
Lysine
Histidine
Arginine

Neutral
Hydroxy

Threonine
Serine

Straight
Glycine
Alaniπe

Branch
Valine
Iso-leucine
Leucine

Other
Aspargine

Aromatic
Tyrosine
Phenylalanine

Sulfur
Cy stein
Methionine

Other
Taurine
Citrulline
α-aminoadipic acid
α-aminobutyric acid
ß-aminobutyric acid
v-aminobutyric acid
p-alanine

Total

790A-2H-3
140-150

13.25

0.16
0.06

0.22
—

0.00

0.18
0.75

0.76
0.32

0.09
0.08
0.19

_

0.04
—

0.02

0.00

—
—
—
—
—
2.88

790A-3H-5
140-150

25.75

0.13
0.14

0.08
0.00

0.11
0.10

0.23
0.14

0.30
0.06
—

0.02

0.20
0.08

—
—
1.59

790B-6H-3
140-150

46.95

0.16

0.36

0.09
0.59

0.64
0.21

_

0.08
0.11

—
0.04
2.28

79OB-8H-5
140-150

69.05

0.13

0.23

0.16
0.60

0.69
0.29

0.26
0.09
0.20

0.03

—
—
2.70

790B-9H-2
140-150

74.25

0.23
0.11

0.38
0.03

0.10
0.73

0.73
0.31

0.13
0.19
0.14

0.11

—
—
3.19

790C-2H-5
0-5

100.45

0.18
0.03

0.22
0.08

0.02

0.18
0.66

0.52
0.27

0.23
0.21
0.04

0.02

—
—
2.68

790C-5H-5
140-150

130.95

0.34
0.11

0.35

0.04

0.34
1.49

1.64
0.70

_

0.29
0.26

0.13

—
—
0.03
5.76

790C-10H-1
101-111

165.96

0.09
0.11
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0.25
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0.04
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Figure 5. Composition of DCAA in interstitial waters, Sites 790 and 791. The mean mole percentage of each amino acid
from all lithologic units in both sites is plotted. See Figure 3 for an explanation of abbreviations.

(Siegel and Degens, 1966; Kawahata and Ishizuka, 1989; Lee and
Bada, 1975). The mean values and relative abundances of acidic,
basic, neutral, aromatic, and sulfur-containing amino acids are 2.29
(22 mol%), 0.60 (6 mol%), 6.70 (65 mol%), 0.09 (1 mol%), and 0.00
µmol/L (0 mol%), respectively.

Smear slide observations indicate that the major constituents of
the sediments from Sites 790 and 791 are volcanic glass, feldspar,
clays, and calcareous nannofossils. The high sedimentation rate at
Sites 790 and 791 is a result of the large input of volcanic glass to the
sediments. Glass and feldspar lack organic material. The geographic

and geologic situation of both sites eliminates the possibility of a
major contribution of land-derived amino acids. Thus, the amino acids
in the interstitial waters originate from those of calcareous biogenic
debris, with lesser amounts of siliceous debris.

One of the important characteristics of the relationship between the
amino acids of the source material and the DCAA is that aspartic acid
and the basic fraction, except for ornithine, are much more depleted in
DCAA (Figs. 5 and 6 and Table 5). On the other hand, the charac-
teristics of the amino acids in the interstitial waters indicate a greater
depletion of the acidic amino acid fraction in the DFAA than in the
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Table 3 (continued).

79OC-I8H-2
140-150

254.65

0.29
0.19

0.45
0.16
0.27
0.04

0.29
1.29

1.14
0.72

0.21
0.32
0 27

0.21

0.95

791A-2H-5
140-150

11.95

0.29
0.11

0.62
0.18

0.30
1.38

1.04
0.54

0.11

0.19

0.10
0.03

0.92

791A-5H-3
140-150

37.45

0.30
0.10

0.81
0.18
0.32

0.29
1.46

0.97

0.15

0.17

0.45

79IA-9H-6
140-150

80.25

0.25
0.15

0.45
0 24
0.19

0.32
1.33

1.04
0.54

0.25
0.24
0.22

0.21

791A-I2H-5
140-150

107.85

0.32
0.1 3

0.40
1.78

1.38
0.65

0.23
0.31
0.25

0.04

79IA-I5H-6
25-35

137.30

0.24

0.49
0.15
0.22

0.27
1.26

1.09
0.54

0.22
0.33
0.25

0.24

791A-I8H-6
90-1 (X)

166.95

0.09
0.04

0.26
0.00
0.16
0.00

0.09
0.24

0.23
0.15

0.01
0.17

0.29

791A-22H-6
140-150

205.85

0.12
0.00

0.32
0.06
0.18
0.07

0.14
0.46

0.48
0.25

0.12
0.07
0.15

0.33

791B-I0R-I
86-96

474.21

0.19
0.05

0.19
0.10
0.09
0.01

0.18
0.73

0.76
0.45

0.05
0.18

0.20

791B-13R-1
140-150

503.55

0.17
0.04

0.24
0.00
0.13

0.13
0.49

0.62
0.36

0.08

0.21

791B-23R-3
115-125

602.90

0.27
0.16

0.03
0.11

0.19
0.39

0.68
0.54

0.15

0.20

0.01
0.28

791B-45R-2
140-150

813.20

0.37
0.24

0.57
0.16
0.13

0.20
0.74

1.34
0.74

0.30
0.13
0.22

0.18
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Figure 6. Amino acid composition of foraminifers, diatoms, and sponges plotted for comparison with DCAA and DFAA.
See Figure 3 for an explanation of abbreviations.

DCAA and an enrichment of glycine and serine in both. The adsorption
or reaction of the amino acids in the interstitial waters with biogenic
carbonates would be responsible for the lower relative abundance of the
acidic fraction of the DFAA than the DCAA (Kawahata and Ishizuka,
1989). Glycine is possibly derived from serine, threonine, valine,
tyrosine, and histidine by decomposition from heating (Terashima and
Inouchi, 1990). In addition, it has the simplest structure of the protein
amino acids and a greater advantage in its stability in solution than the
other amino acids that have a more complicated structure, which would
raise its relative abundance in interstitial waters.

Biogeochemical Characteristics of Minor Constituent
Amino Acids in Interstitial Waters

Information on the nature of the amino acids in the interstitial
waters can be obtained from the distribution of minor constituents.
Especially significant in this regard is the presence of nonprotein
amino acids, about 10 mol% of the total DCAA.

The mean relative abundances of ß-alanine and y•amino butyric
amino acid are about 4 and 1 mol% of the total DCAA at Sites 790
and 791, respectively, whereas neither is found in DFAA. Although
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Table 4. Concentrations in µmol/L of dissolved combined amino acids (DCAA) in interstitial waters, Sites 790 and 791.

Hole, core.section

Interval (cm)

Depth (mbsf)

Acidic
Aspartic acid
Glutamic acid

Basic
Ornithine
Lysine
Histidine
Arginine

Neutral
Hydroxy

Threonine
Serine

Straight
Glycine
Alanine

Branch
Valine
Iso-leucine
Leucine

Other
Aspargine

Aromatic
Tyrosine
Phenyl alanine

Sulfur
Cystein
Methionine

Other
Taurine
Citrulline
α-aminoadipic acid
α-aminobutyric acid
ß-amino iso-butyric acid
Y-aminobutyric acid
p-alanine

Total

790A-2H-3
140-150

13.25

0.23
0.78

0.12

—

0.07

0.31
0.03

0.79
0.64

0.27
0.19

—

0.03
—

—
—
—

0.13
0.00
3.6*1

790A-3H-5
140-150

25.75

0.16
1.55

0.18

—

—

0.02

0.19
0.11

0.12
0.17

—

0.08
—

0.02
0.01
—
—
—
o.ox
0.54
3.42

790B-6H-3
140-150

46.95

0.02
0.76

0.02

—

—

0.06

0.26
0.10

—

—

—
—
—

0.03
1.25

790B-8H-5
140-150

69.05

0.40
1.01

0.21
—

—

0.45
0.64

1.69
0.93

0.18
0.20
0.05

—

0.15
—

—
—
—

0.24

6.13

790B-9H-2
140-150

74.25

0.06
0.70

0.10
—

—

0.96
0.07

0.12

—

—

—

—
—
—
0.24
0.09
2.32

790C-2H-5
0-5

100.45

0.36
1.34

0.55
—

—

0.10
1.35

2.84
0.60

—
—
0.17

—

0.05
—

—

0.09

—
—
—

0.12
0 07
7.65

79OC-5H-5
140-150

130.95

0.20
1.66

0.24
—

0.03

0.15
0.25

1.34
0.45

—
—

—

0.08
—

—

0.02

—
—
—

0.09
0.04
4.54

79OC-I0H-I
101-111

165.%

0.24
0.68

0.10
0.14

0.03

0.38
—

0.93
1.21

0.39
0.21
0.21

—

O.(X)
—

—
—

0.03
—
—
—
—
0.25
0.02
4.82

79OC-13H-2
140-150

196.85

0.22
0.59

0.16
—

0.08

0.18
0.04

1.21
0.53

—
0.12
—

—

0.06
—

—
—

0.02
—
—
—
—
0.35
0.12
3.69

790C-I6H-3
140-150

227.25

0.01
0.88

—

—

0.13

—
—

0.87
0.15

—
—
—

—

0.03
—

—
—

0.03
—
—
—
—
0.37
0.10
2.56

ß-alanine and y•amino butyric amino acid are generally thought to be
decomposition products of aspartic and glutamic acids, respectively,
there was no evidence for their production during studies on either
ultracleaned foraminifer tests or various proteins in buffered solution
(Schroeder, 1975). Thus, it appears that their common presence in
sediments from the natural environment is related to the enzymatic
decomposition of aspartic and glutamic acids (Ittekkot et al., 1984b).
Such decomposition can take place either on particles (Lee and
Cronin, 1982) or in the guts of organisms (Ittekot et al., 1984b).
Jannasch et al. (1971) suggested that microbial degradation is slow
in the deep-sea environment, and Wafer et al. (1982) showed that most
of the degradation of polypeptides takes place at depths above 1000 m
and fha.t flux changes below this depth are much slower. However, in
general the relative abundance of nonprotein amino acids collected in
sediment traps is fairly low (<3 mol%) (Ittekkot et al., 1984a, 1984b).
Thus, the major production of nonprotein amino acids probably occurred
below the sediment/seawater interface. The concentrations of ß-alanine
and y•amino butyric acid observed are the net result of processes that
release and remove to and from the interstitial waters. The absence of
ß-alanine and y•amino butyric acid in the DFAA suggests that these two
amino acids are very slowly released to the DFAA reservoir, or, rather,
are decomposed rapidly by unstable species in the interstitial waters.

Ornithine is also an important nonprotein amino acid. It is absent
from the foraminifer, diatom, and sponge tests (Degens, 1970) and is
much depleted in marine particulate matter (Ittekkot et al., 1984a).
The mean relative abundance of ornithine in the DCAA and DFAA
from Sites 790 and 791 is about 3 and 9 mol%, respectively. The molar
ratio of ornithine to the other basic amino acids (lysine, histidine, and
arginine) is 1.2 in DCAA and 2.1 in DFAA. The basic amino acid
fraction is less stable than the acidic fraction in the free state. In
adsorption experiments of the amino acids in distilled water, basic
(positively charged) amino acids are strongly adsorbed (40%-80%
removal) and neutral (uncharged) amino acids were taken up appre-
ciably (10%—15%) by montmorillonite. Montmorillonite is an altera-
tion product of volcanic glass and seawater that is present in small to
appreciable amounts in Sites 790 and 791. Thus, the basic amino acid
fraction tends to be decomposed in the interstitial waters and/or

incorporated into the lattice of clay minerals, which would result in a
decrease in the relative abundance of the basic amino acids. On the
other hand, ornithine is a decomposed product of arginine. The
relative abundance of arginine in the DCAA and DFAA of Sites 790
and 791 is much less than those of marine particulate matter and
biogenic debris, which supports the hypothesis that ornithine can be
produced during early diagenesis.
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Table 5. Amino acid composition of interstitial waters from Sites 790 and 791, particulate matter, and marine plankton.

Acidic
Aspartic acid
Glutamic acid

Basic
Ornithine
Lysine
Histidine
Arginine

Neutral
Hydroxy

Threonine
Serine

Straight
Glycine
Alanine

Branch
Valine
Iso-leucine
Leucine

Other
Aspargine

Aromatic
Tyrosine
Phenylalanine

Sulfur
Cysteine
Methionine

Other
Taurine
Citrulline
Cystathionine
ß-alanine
α-amino butyric acid
ß-amino iso-butyric acid
Y-amino butyric acid
α-amino adipic acid

Total

Site 790

(µM)

0.22
0.10

0.31
0.04
0.04
0.01

0.19
0.73

0.78
0.38

0.12
0.15
0.15

0.04
0.02

0.09

0.02
0.01

—
—
—
—

0.01
3.41

(molr/rl

9.3
6.5
2.8

1 1.6
9.2
1.1
1.0
0.2

73.3

5.6
21.4

22.8
11.3

3.6
4.4
4.3

1.9
1.3
0.6
2.6
2.6

1.3
0.7
0.2

—
—
—
—
—

100

DFAA

S

(µM)

0.24
0.09

0.36
0.11
0.13
0.01

0.23
0.93

0,88
0.43

0.15
0.14
0.18

0.01
0.22

0.08

0.01

—
—
—
—

0.01
4.21

Interstitial

ite 791

(molr/r)

7.8
5.6
2 2

14.4
8.6
2.6
3.1
0.2

69.7

5.4
22.1

20.8
10.3

3.5
3 2
4 J

5 5
0.2
5.3
2.0
2.0

0.5
0.3

—
—

—
0.2

100

waters

Site 790

(µM)

0.25
1.1 1

0.22
0.04
0.02
0.5

0.21
0.22

1.29
0.55

0.16
0.09
0.08

0.04

0.04

0.10
0.1 1

0.19
—

4.78

(molr/f)

28.6
5.3

25 3
6.8
4.6
0.8
0.4
1.0

54.6

4.5
4.6

27.1
1 1,5

3,4
1,8
1,7

0.9
0.9

9.1
0.8

2.1
2.3

—
4.0

—
100

DCAA

Site 791

(µM)

0.65
2.57

0.45
0.17
0.14
0.12

0.42
2 22

6.56
1.01

0.28
0.08
0.23

0.10
0.04

0.1 1

0.74
—
0.05
0.01
—

15.95

(molr/f)

20.2
4.1

16.1
5 5
2.8
1.1
0.9
0.7

67.8

2.6
13.9

41.2
6.4

1.7
0.5
1.4

0.9

0.3

5.7
0.7

4.6
—

0.3
0.1

—
100

Particulate matter

Marine41

25.3
16.7
8.6

14.5
0.1
8.6
1.9
3.9

51.6

5.0
7.2

17.9
9.6

5.0
2.5
4.4

5.2
2 5
2.7
—

1.4

0.9
—
—
0.5
—

98.0

River11

24.9
13.1
1 1.8

3.0
0.9
2.1

61.2

4.0
6.7

18.3
14.8

6.2
3.0
8.3

3.5
0.8
2.7
0.3

0.3
—

—
—
—
—
—
—

93.0

Forzirπiπifcrs1'

40.7

13.8
6.0

1.7
1.5
2.8

44.2

3.7
3.2

16.7
7.8

6.3
3.0
3.5

0.6
0.1
0.5
0.3

0.3
—

—
—
—
—
—
—

91.8

Diütoms''

24.1
13.2
10.9
2.3

0.5
1.6
0.2

61.2

8.2

11.6

1 1.5
10.5

6.0
4 3
9.1

—
5.3
2.1
3.2
2.6

2.6
—

—
—
—
—
—
—

95.5

Sponges1

20.6
12.3
8.3
8.2

4.0
1.2
3.0

54.9

4.7
10.2

13.4
9.4

6.2
4.0
7.0

—
4.8
2.4
2.4
0.8

0.8
—

—
—
—
—
—
—

89.3

R 3d i o lsπ iiπ s

28.3
15.6
12.7
8.3
0.9
3.9

3.3
58.1

4.4
6.3

22.7
9.0

7.1
2.7
5.9

—
4.5
1 5

0.5
—
0.5
—
—

—
—
—
—
—
—

99.7

Note: — = not reported.

"I t tekkoteta l . (1984a. 1984b).
b P e a k e e t a l . (1972).
c Degeπs(1970) .
d K i n g ( 1 9 7 4 ) .
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