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ABSTRACT: Proteinaceous material in marine sediments which is available to proteolytic hydrolysis
has been measured using a new method. This technique utilizes Coomassie Blue dye binding, which
has the advantage of being sensitive only to larger polypeptides. Substantial interferences from other
sedmentary organic substances are overcome by using a standard additions approach in conjunction
with enzymatic digestion of the protein. Although tedious, the technique provides acceptable precision
and accuracy. Measurements of protein in surficial nearshore sediments of the Gulf of Maine and St.
Croix yield values ranging from 0.1 to 2.2 mg g-', which account for a minor fraction of total nitrogen or
acid-hydrolyzable amino acids. Protein decreases downcore at a faster rate than either of these 2
indicators of nitrogenous material, indicating the greater lability of the truly proteinaceous material.
Biomass comprises a minor portion of the measured protein.

INTRODUCTION
The study of benthic metabolism has long been hindered by the lack of chemical measurements with
which to assess the nutritional value of sedimentary
organic matter. Numerous analytical techniques exist
to estimate total amounts of organic matter (e.g. Mills
& Quinn 1978, Hedges & Stern 1984) or any of a variety
of organic compound classes, such as amino acids or
carbohydrates (e.g. Mopper 1977, Carter & Mitterer
1978). However, it is difficult to estimate that fraction
of any of these classes actually available to benthic
heterotrophs. This problem derives largely from the
fact that the bulk of sedimentary organic matter, and
indeed probably most of any particular compound
class of organic matter, is bound into refractory,
geopolymeric materials that are of little biological
relevance on short (< l yr) time scales (van Es 1982,
Mayer e t al. 1985).
One class of organic materials of particular importance in benthic ecology is the nitrogenous con~pounds
(Tenore 1983). The subclass of interest in this regard is
the proteins, those larger polymers of amino acids that
form the bulk of nitrogen in fresh, labile organic inputs
to sediments. Estimation of sedimentary protein concentrations to date has relied in all instances on the
determination of subunits of proteins, i.e. either amino
acids or peptide bonds (e.g. Buchanan & Longbottom
O Inter-ResearchIPrinted in F. R. Germany

1970, Greenfield et al. 1970, Hatcher 1978, Fhce 1982,
Meyer-Reil 1983, Simon & Jones 1983). However, these
analyses are all subject to the problem that geopolymerized oligopeptides or individual amino acids may
have dominated the results. Analyses of total hydrolyzable amino acids are vulnerable to the same criticism.
One useful solution to this problem would b e to use
a n analytical technique which is sensitive only to
larger polypeptides, which more closely resemble the
true proteins to be found in fresh detritus. In addition,
such a technique should measure only those polypeptides that are not so bound by humic substances that
they are unavailable to enzymatic attack. We present
here a n analytical scheme that shows promise in
achieving these goals.
Our technique is based on the reaction of Coomassie
Blue dye (CB) with proteins (Bradford 1976). CB dye
has the advantage of being sensitive only to larger
polypeptides, with reported minimum polymer sizes of
10 to 25 amino acid residues (Sedmak & Grossberg
1977, Righetti & Chillemi 1978). Our early studies in
using the Setchell (1981) modification of this method to
examine protein in sediments showed that the dye is
also sensitive to the colored humic materials in sediment extracts. We verified this interference by finding
that CB dye reacts intensely with commercial humic
acid (Aldrich) a n d reagent tannic acid (Fisher), each of
which contains essentially no protein. As a means of
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separating that portion of the reaction due to proteinaceous material from that due to humic substances,
we have developed an enzymatic digestion of the sediment extract which hydrolyzes the protein and thus
renders it unreactive to CB. The difference between
the hydrolyzed and unhydrolyzed material thus represents protein in sediment available to enzymatic attack.

release from the sediment. The suspension is cooled
and centrifuged, and 5 m1 of the supernatant extract is
removed. To this extract is added 0.1 m1 of 2.5 N HCl,
and then the pH is carefully adjusted to pH 7.5 to 8.5
with dilute HCl, recording the volume added. It is
critical to prevent the pH from falling below 6; below
this pH, flocs containing some of the protein are often
formed. Five l m1 aliquots of the neutralized extract
are then placed into 5 small plastic tubes. Glassware
should be avoided, as it results in adsorptive losses of
protein. To the first tube is added 0.1 m1 of a 100 @g
ml-' solution of a bacterial protease (Sigma Pronase E,
#P5147) and 0.1 m1 of a 125 @g ml-' solution of a
fungal protease (Sigma Proteinase K , #P0390). The
second tube receives 0.2 m1 of &stilled water. The
third, fourth, and fifth tubes receive standard additions
spikes of 0.2 m1 of 200, 400, and 600 pg ml-' solutions
of casein (Fisher),respectively. All 5 tubes are left to sit
overnight, during which time the protease mixture
hydrolyzes most of the natural protein in the first tube.
On the following day, all the tubes are heated at 60°C
for 1 h, followed by 80°C for another hour. These steps
serve to finish the hydrolysis of both the sedimentary
protein and the added proteases. The heating steps do

ANALYTICAL CONSIDERATIONS

Analytical method
The method with which we have found most success
is illustrated in Fig. 1. A sample of 0.2 g of sediment,
which has been preserved either frozen or freezedried, is extracted with 6 m1 of 0.1 N NaOH for 2 h at
60°C, agitating the sample occasionally to promote
mixing. Drying of the sediment at room temperature or
above has been found to result in reduced yields of
analyzed protein. Longer extraction times have also
been found to result in decreased yields, and additional extractions do not yield any further protein
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not, however, decrease the reactivity of the extracted
proteins to the CB dye. After cooli.ng in a water bath,
the samples are analyzed by adding 0.3 m1 sample to
3 m1 of a CB dye solution (best results are obtained
with the dye-reagent # l of Read & Northcote 1981,
using Serva Blue G - 2 5 0 ; the stock sol.ution 1s made by
dissolving 100 mg dye in 200 m1 phosphoric acid and
100 m1 ethanol, with the working dye reagent consisting of 30 m1 dye stock mixed with 80 m1 phosphoric
acid and 37.5 m1 ethanol, brought to l l with distilled
water and filtered through a Whatman # l filter). The
absorbance is measured at 595 nm in a 1 cm glass cell.
The absorbance of the first tube is considered the
protein-free blank value, representing the reaction of
the dye with the humic material in the extract. The
absorbance of the first tube is subtracted from the
absorbances of the remaining 4 tubes, which a r e used
in a standard additions calculation of the protein content of the second tube.
This analytical scheme is quite time-consuming.
Replication of samples to quadruplicates before NaOH
extraction and further to triplicates just before spectrophotometric analysis results in 60 spectrophotometric numbers per protein value obtained. One experienced analyst typically produces about 15 data points
per week. Replication might be reduced with samples
containing relatively high levels of proteln in sediments with low humic content, such as silty or sandy
surficial sediments in productive areas.

Recovery efficiency
The recovery of protein from sediments has 'been
estimated by adding proteins, In the form of either
casein or a NaOH extract of a phytoplankton culture, to
sediments before the sedimentary NaOH extraction
step. Recoveries range from 7 0 to 90 *h, and average
about 80 %. It is therefore likely that our measure of
protein is low by 10 to 30 %. Due to the probability that
different proteins will have different recovery efficiencies, as well as the fact that we cannot determine the
recovery efficiency for natural sedimentary protein, w e
do not apply any correction factor for incomplete
recovery to our results.

Precision
The precision of this analysis is dependent upon the
magnitude of the humic interference relative to the
protein signal. Humic material interferes in both a n
additive and a multiplicative manner ( s e n s u O'Haver
1976). Typical precision for surficial (top several cm)
sediments is
15 to 20 '%,as a coefficient of variation.

+
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Deeper sediments (tens of cm) generally contain less
protein and greater concentrations of interfering humic
substances. Analyses of these samples can yield values
approaching the detection limit. This limit, defined as
3 times the standard deviation of the protease-digested
aliquot, varies among samples. Downcore detection
limits typically range from 0.05 to 0 . 5 mg p r o t e ~ ng . ' ,
and so care needs to be taken that only samples with
an adequate signal-to-noise ratio are accepted. Near
the detection l m i t the precision can be as poor as
f 7 0 % (coeffic~entof variation), though
20 to 30 %
is more typical for downcore samples.

+

Variability of dye response to different proteins
One of the well-known problems with the CB assay
is its variable reactivity with different proteins (Bradford 1976, Bearden 1978, Pollard et al. 1978). This
problem is overcome in our analysis by 3 factors. First,
the dye recipe of Read & Northcote (1981) shows less
variability of reactivity to different proteins than other
dye formulations. Second, we have found that the
humic interference has the positive benefit of further
reducing variability. This finding is evidenced by similar standard additions slopes for bovine gamma globulin and casein additions in sediment extracts; these 2
proteins show diffenng reactivlties when assayed in
distilled water solution.
Third, variable reactivity of different proteins is
reduced by the fact that complex mixtures of proteins
are being measured. We have assessed the variability
of protein mixtures of different marine origins to CB
analysis, calibrating this reactivity by determination of
the protein contents of semi-purified extracts from different sources using the Biuret method a n d total nitrogen analysis. Five potential sources of protein were
examined - 2 seaweeds ( F u c u s vesiculosis and Ascophyllurn nodosurn), a mixed phytoplankton culture
and
(dominated by Thalassiosjra pseudonana
Dunaliella tertiolecta), a clam ( M y a arenana), and a
culture of sedimentary bacteria grown by inoculating
6 1 of filtered seawater with ca 0.1 g of mudflat sediment which was then spiked with a n acid hydrolyzate
of casein, grown in the dark for 3 d , a n d harvested
(SEM examination showed only mixed bacteria in the
resultant culture). Each of these materials was
extracted with 0.1 N NaOH at 60°C. The extracts from
the seaweeds were titrated with HC1 to precipitate
polysaccharides, which may have removed some protein. All protein extracts were then twice precipitated
by addition of 15 % trichloroacetic acid a n d redissolved in 0.1 N NaOH to result in a semi-purified
protein extract, which was adjusted to p H < 7 with
HC1. The resultant solutions were then assayed for
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Table 1 Total N vs Protein-N in TCA extracts. ZN is total nitrogen from persulfate oxidation of seml-purified protein extracts. CB
protein N and Biuret protein
are calculated from proteln values in bovine y-globr~linequivalents using a factor of 6.25 after
correction for dilutions

:.

(fig m1-I)

CB Prot-N
(1.19m]-')

CB Prot-N
XN

Biur Rot. N
(PS ml-')

Biuret-N
IN

3.36
2.25
1.45
1.94
1.34

2.94
2.29
1.37
1.37
2.38

0.88
1.02
0.95
0.71
1.78

3.06
1.95
1.01
2.33
2.88

0.91
0.87
0.70
1.20
2.15

Source

1N

M y a arenana
Fucus vesiculosis
Ascophyllum nodosum
Phytoplankton
Bacteria
Means

X

= 1.07

SD = 0.41

protein with the reagents and recipe from Bio Rad
Laboratories, using bovine gamma globulin as a standard. These solutions were also analyzed for protein
with the Biuret reagent (2.0 m1 sample: 5.0ml Biuret
reagent) and assayed for total nitrogen by the method
of D'Elia et al. (1978).
The results of this intercalibration (Table 1) indicate
that the average reactivity of the CB analysis to protein
mixtures from the 5 different sources is similar to both

= 38.7 '10

X

SD

= 1.17

= 0.58 = 49.5 %

the Biuret method and the total nitrogen analysis.
Large deviations from the total nitrogen analysis are
found for bacterial protein, using both the CB and the
Biuret method. The CB technique shows slightly less
variability than the Biuret method. The average ratio of
protein nitrogen to total nitrogen of about 1 for both
methods indicates that bovine gamma globulin, and
hence casein (see above), acts as a suitable standard
for sedimentary protein.

Table 2. CB reachvity of a variety of polypeptides and proteins which vary wlth respect to polymer length and composition.
Absorbances in all cases refer to 100 pg m].-' pephde solutions
Number of
residues

Name

4
4
5
5
6
7
8
8
9
10
11
13

Angiotensin I1
Bradylunin
Anglotensin I
Ranatensin
Dynorphin A Fragment 1-13

13

[PheI1]-neurotensin

14

Porcine angiotensin 1-14

17

DynorphinA

17

Tyr-fibnnopeptide A

21

Bovine insuhn, Chain A

Substance N Fragment 1-4
Froctolin
Leucine enkephalin
Neurotensin Fragment 8-13
Kemptide

Composition

VAL-ALA-ALA-PHE
ARG-PRO-LYS-PRO
ARG-TYR-LEU-PRO-THR
TYR-GLY-GLY-PI IE-LEU
ARG-ARG-PRO-TYR-ILE-LEU
LEU-ARG-ARG-ALA-SER-LEU-GLY
VAL-HIS-LEL-1 HR-PRO-VAL-GLU-LYS

ASP-ARG-VAL-TYR-ILE-HIS-PRO-PHE
ARG-PRO-PRO-GLY-PHE-SER-PRO-PHE-ARG
ASP-ARG-VAL-TYR-ILE-HIS-PRO-PHE-HIS-LEU

GLU-VAL-PRO-GLN-TRP-ALA-VAL-GLY-HIS-PHE-METTYR-GLY-GLY-PHE-LEU-ARG-ARG-ILE-ARG-PRO-L-LELYS
GLU-LEU-TYR-GLU-ASN-LYS-PRO-ARG-ARG-PRO-PE-LE
LEU
ASP-ARG-VAL-TYR-ILE-HIS-PRO-PHE-HIS-LEU-LEU-VALTYR-SER
TYR-GLY-GLY-PHE-LEU-ARC-ARG-ILE-ARG-PRO-L-LELYS-TRP-ASP-ASN-GLN
TYR-ALA-ASP-SER-GLY-GLU-W-ASP-PHE-LEU-AA-G
GLY-GLY-GLY-VAL-ARG
GLY-ILE-VAL-GLU-GLN-CYS-CYS-THR-SER-ILE-CYS-SER-

Absorbance

0
0
0
0
0.294
0
0
0 073
0.077
0.506
0
0.939
0.522
0.815
1.979
0
0

LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN
30

Bovine insulin, Chain B

PHE-VAL-ASN-GLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-

0.644

GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHEPHE-TYR-THR-PRO-LYS-THR
24 1
223
209
ca 1250

Chymotrypsin
Trypsin
Casein
Bovine gamma globuhn

0.480
0.350
0.537
0.453
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Minimum polypeptide size

An important consideration in the interpretation of
CB dye binding assays in sediments is the size of the
polymers being detected. We examined this question
by determining the CB reactivity of a variety of polypeptides of varying lengths and amino acid composition. The peptides (Table 2; obtained from Sigma)
were assayed using a ratio of 2.0 m1 of the Read &
Northcote (1981) dye solution to 0.2 m1 of 100 vg ml-'
peptide solution. The results of this test (Table 2; also
tabulated are several proteins) show no peptides of less
than 6 amino acid residues exhibiting measurable CB
reactivity. Polypeptides of 6 or more amino acids show
considerable variation in reactivity, ranging from
essentially no reaction to a s much a s 4 times the reaction found for the larger proteins. These variations can
be explained by the composition of the polypeptides,
with greater reactivity associated with those polymers
containing an abundance of basic and hydrophobic
amino acids (Righetti & Chillemi 1978). These findings
are consistent with and extend those of Sedmak &
Grossberg (1977) and h g h e t t i & Chillemi (1978).
PROTEIN IN NEARSHORE MARINE SEDIMENTS
Measurements of protein concentrations of about 100
muddy, surficial sediments of the Gulf of Maine, its
associated estuaries, and the Salt River estuary in St.
Croix (U.S. Virgin Islands) have yielded values ranging from 0.13 to 2.2 mg protein ( g sediment)-'. The
contribution of protein nitrogen (0.16 X protein) to
total nitrogen (measured by Carlo Erba 1106 CHN
Analyzer) ranges from 3 to 11 O/O, while protein nitrogen to total hydrolyzable amino acid nitrogen (concentrated HC1 hydrolysis followed by analysis with an
amino acid analyzer) ratios vary from 10 to 20 "h (L.
Mayer & S. Macko unpubl. data). These results are
consistent with the ability of proteolytic enzymes to
hydrolyze extracts from soil, as found by Sowden
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Fig 2. Concentrations of protein nitrogen and total nitrogen
versus depth for a core collected at the mouth of the Sheepscot
estuary, Maine

(1970),although the methods by which we and Sowden
assessed efficiency of hydrolysis are somewhat different. It is therefore clear that this method measures a
small portion of the nitrogen in sediments.
Fig. 2 shows a typical plot of the concentrations of
protein nitrogen and total nitrogen as a function of
depth, for a site at the mouth of the Sheepscot River
estuary, Maine. The relative lability of the fraction of
material that our technique measures can be gauged
from the fact that protein concentrations decrease with
depth in cores much more quickly than total nitrogen.
Total hydrolyzable amino acid concentrations in this
region are usually quite parallel to total nitrogen
(Macko unpubl. data), indicating the greater lability of
protein than total amino acids.
We assessed the likely contribution of Living biomass
to the protein pool by measuring bacterial numbers on
a series of surficial sediment samples in an estuaryshelf transect (Table 3). Bacteria were counted by the
DAPI method of DeFlaun & Mayer (1983). Assuming
that bacteria contain 1.4 X 10-l4 g carbon cell-', with
a C : N ratio of 4 and all of the nitrogen as protein, the
bacterial protein made up 0.8 to 3.0 % of the total
protein. The data of Schwinghamer (1981) indicate that
bacteria generally make u p a third or more of the
biomass in sediments typical of those in our study area,
assuming larger macrofauna are excluded (as is done

Table 3. Bacterial numbers, protein nitrogen and total nitrogen concentrations for a series of surficial sediment samples along an
estuarine-shelf transect, Gulf of Maine. The contributions of bacterial nitrogen to protein nitrogen and of protein nitrogen to total
nitrogen are calculated according to assumptions described in the text
Station

Distance
offshore

Bacteria

(km)

(no, g-l)

Total
nitrogen
(mg g-'1

Protein
nitrogen
(mg g-')

Bacterial nitrogen
Protein nitrogen
( "101

Protein nitrogen
Total nitrogen
("/U)
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in our protein analvsis). Therefore, the total sediment
biomass is unllkely tu contribute more than about 10
of the protein measured in these sediments. We conclude that there exist significant amounts of non-living
protein in these sediments.
It is also worth noting in these data a n expectedly
lower contribution of protein nitrogen to total nitrogen
in the seaward site relative to the inshore sites. We
have observed this trend in a much larger suite of
samples ta.ken in the estuaries and on the shelf. This
trend is indicative of a relatively higher nutritive value
for inshore muds relative to deeper sediments offshore.
Associated with this trend is a tendency for protein
losses downcore to be more extreme at estuarine sites
relative to offshore stations.
O n e of the principal uses for this technique will
likely be as a n assessment of the nutritional quality of
sedimentary organic matter to benthic heterotrophs.
Our technique has the advantage of 'seeing' sedimentary protein from the operational perspective of digestibility by enzymes similar to those used by benthic
heterotrophs. However, our use of a 0.1 N NaOH
extraction step, in order to remove maximal protein
from the sediment, is harsher and Iikely far more effective in malung protein available to enzymatic attack
than the typical benthic animal or bacterium. Our
technique may therefore overestimate biologically
available protein in sediments. Evidence for this overestimation is provided by the survlval of protein
measurable by this technique to depths of several tens
of cm into slowly depositing Gulf of Maine sediments.
Even closer approximations to a measure of biologically available protein may b e attainable by altering
the extraction step.

'?lcb

CONCLUSIONS
(1) An ecologically meaningful measurement of
sedimentary proteln can be achieved by combining the
CB dye reaction, which is sensitive only to larger
polypeptides, with a n enzymatic digestion step, in
order to assess that fraction of polypeptides potentially
avalable to digestion by benthic heterotrophs. The
adaptation of the dye-binding method as reported here
overcomes problems of protein-protein variability and
humic substance interference. Precision of better than
+. 20 % is typical for surficlal sediments. Although
tedious, this method offers the closest approximation to
a measure of bioavailable, proteinaceous material in
complex sedimentary material with which we are
familiar
(2) Concentrations of protein in nearshore Gulf of
Maine a n d St. Croix sediments range from 0.1 to
2 mg g-' These levels account for 10 to 20 '70 of total

hydrolytable amino acids and 3 to 10 O/o of total
sedimentary nitrogen. Counts of bacterial numbers
suggest that biomass makes up less than 10
of the
protein found in these sediments, indicating the presence of non-living protein.
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