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THE STUDY OF THE DISSOLVED NITROGEN CONTAINING MACROMOLECULES
IN THE MARINE ENVIRONMENT

by

Jasmin Chapman.

ABSTRACT.

A method was developed for the direct determination
of the dissolved combined amino acid (DCAA) content of
seawater 1involving the acid hydrolysis of seawater under

specified conditions, followed by the determination of
the amino acids by reverse phase 1liquid chromategraphy
{RPLC) . No preconcentration or co-precipitation steps
were required. Under optimal conditions approximately
sixty percent of the total amino acids in the
macromolecular fraction are probably recoverable by this
procedure.

The commonly used reflux method for DCAA detection
was shown to be 1inaccurate due te a combination of
degradative losses and contamination.

The technique of DCAA determination, developed 1in
this study, Wwas not suitable for estuarine or other
waters containing high nitrate 1lewvels, due to the
occurrence of oxidative losses.

The seasonal relationship between the dissolved
combined and the disscolved free amino acid levels and
compositions, both at surface and at depth in the coastal
waters of Plymouth UR, were studied.

Levels of dissolved combined amino acids were shown
to be between 0.246 and 6.741 uM, with a mean of 1.7 uM,
while the 1levels of dissolved free amino acids (DFAA)
ranged from below the 1limits of detection of the
analytical technique, to 9.372 uM, with a mean of 0.403
uM. The DFAA fraction showed large fluctuations in levels
and composition. The ratio of the DCAA to the DFAA varied
between 10:1 and 30:1 depending on season. The major
acids of the combined fraction were glycine, histidine,

aspartate, glutamate, alanine and valine. Whereas the
dominant acids in the free fraction were aspartate,
glutamate, serine, glycine and alanine. Evidence 1is

presented that certain specific amino acids may wused
preferentially by the biota.

Fractionation studies, using ultrafiltration
technigques, showed that the bulk of the dissolved
combined fraction was of a small size with molecular
weight less than 25,000.

Samples obtained from c¢oastal waters, containing
large numbers of phytoplankton, were shewn to contain, in
addition to the normal spectrum of free amino acids,
certain compounds not normally found in seawater samples.
These compounds were tentatively identified as glutamine,
ethanolamine, taurine and glucosamine, from their RPLC
retention times.

The results of this study emphasise that DCAA have a
complex role in the nitrogen cycle of the marine
environment.

ix



CHAPTER 1.

INTRODUCTION.

i.l Primary Productivity.

Phytoplankton are very small aquatic plancs which
are of central importance <to the ecology of their
anvironment as they £form the base of the fcod chain
({Clegg 1980).

Photosynthesis carried out by the phytoplankton
converts light energy to chemical energy which is stored
in che form of organic compounds such as carbohydrates,
lipids and proteins. The amount of new organic macter
produced by autotrophs (the phytoplankton and
photsynthetic bacteria) is called primary production,
while the amount produced per time wunit (on a volume or
area basis) is called primary productivity.

The equation,

light

6 CO2 + 6 Hz0 > CeHi2Q0s + 5 Q2

chlorophyll

is a summary of the photosynthetic reaction. The rates of
carbon dioxide consumption and oxygen evolution are used
to measure primary productivity. Darley (1982) discusses
the practical methods used to determine the primary
productivicty and the limitations of these techniques. The
most wWidely wused mecthod 1is the incorporation of

1




t4C-labelled bicarbonacte. The radicactive bicarbonate is
added te water samples 1in light and dark bottles which
are incubated in situ, or in 1ncubators, for 1 «to 6
hours. After this the cells (and other particulace
matter) are recovered by filtration and the radioactive
count determined. In order to be able to converct the
radicactive count tec mgC assimilated it is necessary to
known the tctal counts added, the =total amountc of
inorganic carbon added and the counting effiency of the
system being used.

The limitations of the labelled bicarbonate method
are as follows. The containment of the water in bocttles
can lead to the growth of bacteria which will increase
the respiration and 1lead to an inaccuracy 1in the
determination of the figures for primary productivicty.
Containment may also effect the physiology of the
phytoplankton cells. Species composition may wvary due to
the differences in the abilites o¢f various species to
adapt to the modified environment inside the bottle. Loss
of the assimilated 1!9C from cells may be caused by
filtration and fixation processes and the release of
disselved organic carbon, in the form of extracellular
products, by the cells. Darley (1982) concludes that "one
must simply keep 1its, ithe 14C method]}, limitations in
mind when interpreting data".

These possible changes in the nature of the samples
are a fundamental difficulcy eﬁcountered in the analysis
of environmental samples.

Two theories have been put forward as to the factor
controlling primary productivicy . (Flynn & Butler 1586).

2



The first can be described as the agricultural model
being based on the growth of terrestrial plants. This
leads to the concept of plant growth being dependent’bn
the presence of the nutrients, nitrate and phosphate, in

the soil. This concept of nutrient limitation was applied

to the phytoplankton of the seas. However two
difficulties were e¥perienced when applying this
agricultural model to the oceans. Firstly it cannot

account for the species successicn of phytcplankton seen
in the natural enviroment. Secondly-ih temperate waters.
the growth of phytoplankton continues in the absence of
nitrate during the summer months. McCarthy (1980) coined
the phrase the "something for nothing"” paradox ¢to
highlight this anomaly.

The second theory as to the control of primary

productivity is the predator/prey model which considers

that grazing by heterotrophs limits productivity.

1.2 Dissolved Organic Nitrogen (DON).

Duursma (1965) recognized 4 main groups of dissolved

organic compounds. These are;

1. Nitrogen free compounds,
2. Nitrogenous compounds including amino acids and
peptides,

3. Fat like substances,
4. Complex substances such as Humics that are derived

from groups 1 and 2.



The external sources of dissolved organic material
of which DON 1is a part are the atmosphers, rivers and
seéiments. While the internal sources of crganic materizal
are phytoplankton exudation, zooplankton excretion,
sloppy feeding by =zooplankton, cell lysis andAdecay.
(Johannes & Webb 1970, Menzel & Ryther 1870, Sharp 1875,
Williams 1975. Gagosian & Lee 1981, Eppley et al. 1882,
Dagg et al. 1982, Bidigare 1983, Fogg 1983, Laanbroek et
al. 1985, Mopper & Zika 1987). Fig. 1.1 taken {rom
Parsons et al. (1984) illustrates the origins of
dissolved organic matter in the oceans.

There is an inverse relationship between nitréte and
DON levels. Therefore as nitrate declines in the summer
the DON levels increase and as the DON falls 1in the
winter nitrate levels rise. This can be seen pictorially
in Fig. 1.2 taken from Butler et al. (1979).

The fundamental question as stated by the Royal
Scciety Study Group (1983) "is whether during the summer
months when inorganic nitrogen concentrations in the
euphotic zone are 1low, the phytoplankteon utilize as a
source of nitrogen at least part of the large quantities
of DON which are present". If components of the DON are
used by the phytoplankton as a nutrient source to support’
growth then primary productivtiy is more likely to be
controlled by the predation of heterotrophs.

Without some knowledge of the constituents of the
DON it is difficult te determine if it can be utilized as
a nutrient source. Braven et al. {1984) state that "the
amount of unidentified forms of nitrogen remaining in the

4
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upper layers of the sea is relatively large". Figures 1.3
a+b, taken from Braven et al. (1984) shows that in the
summer months approximately 50 to 70 percent of <the
total dissovaed nitrogen is uni@entified. The authors were
able to identify a significant fraction of the DON as
dissolved free amino acids. Also they concluded that much
of the remaining unidentified fraction present in the
spring and summer was high molecular weight material and
probably protein. Paul (1983) believes that "perhaps the
most complex and least understood interactions in the
nitrogen cycle 1in the marine environment involved

dissolved organic nitrogen".

1.3 Dissolved Combined Amino Acids.

Hammer & Katner (1986) state that phytoplankton
contain 1 toc 3 percent nitrogen o¢f which 15 to 20 % 1is
dissolved free amino acids and 70 to 90% protein. Both cthe
dissolved combined and dissolved free amino acids are
derived from the metabolism and degradation of the
particulate organic matter. The breakdown of the
particulate material is thought to be due to an enzymatic
hydrolysis by bacteria. [Daumas 1976, Bada & Lee 1977,
Amano et al. 1982, Hollibaugh & Azam 1983, Azam et al.
1983, Lancelot & Billen 1984, Hagstrom et al. 1984,
Bauerfund 1985, Furhman & Fergeson 1986, Kircham et al.
1986). Fig. 1.4 redrawn from Daumas 1976 illustrates cthe
sources and sinks of the dissolved combined amino acids
in the marine environment. While fig. 1.5 redrawn from
Duursma 1965 shows the breakdown products of proteins.
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Hollibaugh & Azam (1983) aqded a Kknown protein,
bovine serum albumin which has a molecular weight of
approximately 68,000, to seawater. The protein was
degraded at a rate of 4% per hour with a maximum rate of
15% per hour at nine hours. Using gel filecration
chromatography the authors showed that peptides of
intermediate size between 68,000 and 700 molecular weight
did not accumulate in the medium. It was also concluded
that the dissolved combined aﬁd dissolved free amino
acids derived from protein hydrolysis follow indepedent
pathways.

The dissolved combined amino acids present in the
marine environment is envisaged as c¢ontaining proteins
peptides, and nitrogen compounds bound in other forms.
Lee (1988).

Dissolved  combined amino acids composition and
levels in seawater have been determined since the 1960's.
(Parks et al. 1963, Degens et al. 1964, Seigel & Degens
1966, Riley & Segar 1970, Lee & Bada 1975, Daumas 1976,
Lee & Bada 1977, Bada et al. 1982, Bolter & Dawson 1982,
Henrichs & Williams 1985, Thurman 1986, Mopper & Zika
1987]. The most common hydrolysis method employed has
been to reflux seawater with 6M hydrochloric acid ac
atmospheric pressure. All metheds used a concentration
step. The more stages there are to an analysis the more
change there 1is of introducing a contaminant. Most
analyses employed the ion or ligand exchange techniques
discussed in section 1.4 to identify the free acids. The
levels for the dissolved combined amino acids found by
previous workers range from 0.40 to 4.534 uM.

6



1.4 Disscolved Free Amino Acids.

Flynn & Butler 1(1986) state that "the dissolved free
amino acids are products of protein hydrolysis by
bacterial proteases and may also be released by healthy
as well as senescent phytoplankton..... There 1is also
release of aminoc acids from invertebrates”. Keller et al.
{1982) gives the sources of dissolved free amino acids as
phytoplankton release, zooplgnkton aﬁa'macroalgae. While
Lee (1988) discussing particulate amino acids considers
the major source to be "the formaticon of phytoplankton

biomass by photosynthetic processes in the euphotic

zone"., Fig. 1.6 taken from Doclittle (1985} gives the
structures, size, polarities and commonly used
abbreviations for the 20 amino acids occuring in

proteins. Marine chemists are also interested in
non-proéein amino acids such as ornithine (0Orn) which is
a decomposition product of arginine.

Lee 1988 states that "in both seawater and sediments
the major mechanism for the loss of amino compounds is
heterotrophic decomposition by microbes, zooplankton or
benthic macro-organisms"”. While Dring (1%882) writes that
"recent studies have shown amino acids to support the
growth of most marine algae tested”. Therefore the
uptake of the dissolved free amino acids, which are part
of the aissolved organic nitrogen, by phytoplankton and
heterotrcphs is well documented. [Eellebust & Guillard
1967, Williams & Gray 1970, Williams 1970, Andfews &

Williams 1971, Crawford et al. 1974, Liu & Heelebust
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1975, Schell 1974, Wheeler et al. 1974, McCarthy et al.
1977, Fisher & Cawdell 1982, Lu & Stephens 1984, Admiraal
et al. 1984, Ming & Stephens, 1985, Price et al. 1985,
Admiraal et al. 1986, Carlucci et al. 1986 a+b, Flynn et
al. 1986 a+b, Syrett et al. 1986, Vieira & Klaveness
1986, Wheeler & Kircham 1986].

Dissolved free amino acid analyses of mérine samples
have been carried out since the 1960's. [Tatsumoto et al.
1961, Parks et al. 1963, Degens et al. 1964, Chau & Riley
1966, Siegel & Degens 1966, Riley & Segar 1970, Béhling
1970, Andrews and Williams 1971, Kawahara & Maica 1971,
North 1975, Daumas 1976, Josefsson et al. 1977, Lee &
Bada 1977). The early methods of dissolved free amino
acid analysis required a concentration step to the
ensure that the analyte was present in a sufficient
quantity to preoduce a visible <colour with the ninhydrin
used to detect the compounds. The desalting technique
used by early workers was a very lengthy process taking
approximately two days; however, due to the labile nature
of dissolved free amino acids, a short analysis time is
desirable. Therefore the accuracy of some of the earlier

data has been questioned due to the work of Dawson &

Gocke (1978), Dawson & Mopper (1978), and Garrasi et
al.(1979). These workers demonstrated that the ion
exchange technique gave an over estimation o¢f <the

dissolved free amino acids while the 1ligand exchange
method gave an underestimation.

Another factor «c¢ritical 1in the analysis of trace
organics in seawater is to preclude the possibility of
sample ;ontamination from such sources as finger prints

8



and dust. (Hamilton 1965).

The problems of the analytical Fechnique were
largely overcome by the work of Lindroth & Mopper 1979,
which used a fluorescent amino acid derivative with much
lower limits of detection than the ninhydrin method. This
meant that there was no longer‘any need to concentcrate
the environmental samples. The derivatives were separated
using reverse phase liquid chromatography. Some of the
workers who have published data for the dissolved free
amino acid levels using techniques based on Lindroth and

Mopper are Bolter & Dawson (1982), Reller et al. (1982),

Ittekot (1982), Mopper & Lindroth {1982), Poulet et al.
(1984), Braven et al. (1984), Jorgenson & Sondergaard
(1984), Henrichs & Williams {1985), Eberlein et al.

(1985), Liebezeit (1985}, Hammer & Kattir (1986), Furham
& Ferguson (1986), William & Poulet {1986). These workers
report dissolved free amino acid values ranging from
below the limits of detection of the method to 3.7 uM.
These analyses showed that many of the free acids
were not present 1in the seawater. However, the ambient
concentration of a compound <cannot be taken as an
indication of its importance. (Flynn & Butler 1986). A
compound absené from the water or present at a low
concentration supports twWo contrasting arguments.
Dissolved constituents may be present at low
concentrations because of the uptake by the biota, or,
alternatively, they occur naturally at the low
concentrations. It 1is therefore not the ambient
concentration, but the flux which 1is an indicator of a
compounds importance as a nutrient source. Amano et al.
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{1982) pecint out that the main factor that determines the
dissolved free amino acid composition of seawater has not

yet been explained.

1.5 Aims of the Research.

The controversy surrounding the control of primary
productivity 1in the oceans has been discussed earlier
{section 1.1). Braven et al. (1984) shows that there is
still a large fraction of the DON which is unidentified
and which 1is of a large molecular weight. Without a
knowleage of the nature of this material it is difficulrc
to gquantify the use of DON as a potential nutrient
source. Determination o¢f the dissolved combined and
dissolved free amino acids in seawater would allow a
comparison of both the 1eve1§ and composition of these
fractions which may answer the Kkey question as to the
flux of the acids and therefore their importance 'as a
nutrient source in the natural marine environment.

Therefore the aim of the research project is to develop
analytical methods for the reliable detection and
determination of dissolved nitrogen containing
macromeclecules 1in seawater with particular reference to
proteins. The investigation of the nature of the nitrogen
containing macromolecules, (i.e. the dissoclved combined
amino acids), will include a determination of the levels
and composition of the combined and free amino acid
fraction to allow the flux of individual acids to be
determined. The siza of the macromolecular species will
be investigated. Large molecules are unlikely to be used

10



directly, however small peptides may be rtaken  up.

Therefore a knowledge of the size of the nitrogen
containing species may indicate how =2asily it can be usad
as a nutrient source. The relationship of the total
dissolved amino acids 1i.2. combined plus free to the
total dissolved nitrogen and dissolved organic nitrogen
will be investigated.

Therefore the methods develeoped in this study,
together with established methods, will o5e used to
undertake a seasonal study of rthe coastal waters of the
English Channel in order to increase the knowledge of the
nature and role of dissolved organic nitrogen compounds

in seawater.
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CHAPTER 2.

AMINO ACID ANALYSIS.

2.1 Introduction.

The analysis of amiho acids in sea water has been
carried out since the 1960's, following the development
of the amino acid analyser by Spackman et al. (1958). This
method used ion exchange chromatography for separation of
the amino acids, followed by post column reaction wicth
ninhydrin for detection. Due to the lack of sensitivity
of the ninhydrin detection method, at the very low
concentrations of these compounds in sea water, early

methods required a concentration step to enable the

analyte to be measured. Tatsomoto et al. (1961), Parks
et al. {1963), and Chau & Riley {1966) used
co-precipitation of organic compounds with ferric

hydroxide to preconcentrate. Later workers e.g. Riley &
Segar (1970), Bohling (1970), Daumas (1976), Lee & Bada
(1977), Dawson & Pritchard (1978) used ion or ligand
exchange techniques for isolation of amino acids,.i.e.
desalting and enrichment, prior to analysis.

The accuracy of some of this earlier data, is

however, in some doubt. Thus Dawson & Gocke (1978),

Dawson & Mopper (1978) and Garrasi (1979) demonstrated
that the ion exchange technique 1leads to an over
estimation of free amino acids; while the 1ligand

exchange technique of desalting and enrichment producas
an underestimation of the dissolved free amino acids.

12



The work of Hamilton (1965) emphasizes the problems of

contamination o©f the sample in amino acid analysis from
such sources as fingerprints.

The problem of losses and contamination
outlined above was largely overcome by Evens et al.
(1982) using an HPLC method based on the work of Lindrocth
and Mopper (1979).

The present investigation was based upon the amino
acid analysis method of Evens et al. (1982) which

consists of the following steps;

1. Precolumn derivatization of an amino acid mixture with
ortho-phthaldialdehyde (OPA) and 2-mercaptoethanol (MCE)
in borate buffer to produce a highly fluorescent

isoindole derivative.

2. Separation Jf the derivatives wusing gradient elution
reverse phase high performance 1liquid chromatography

(phosphate buffer and acetonitrile as mobile phases).

3. Fluorescence detection.

The following section gives a brief outline of the
theory behind the analysis e.g. the derivatization of
the amino acids, minor modifications made to the method
during the current study, the c¢riteria defining the
analytical method such as linearity, limits of detection.
pfecision and accuracy. Finally the storage and

filtration of environmental samples are discussed.



2.1.1 The Derivatization Process.

Ortho-phthaldialdehyde derivatisation is based on
the work of Rocth (1971) and Roth & Hampai (1973). The
amino acids are derivatized with ortho-phthaldiadehyde in
the presence of the reducing agent, 2-mercaptoethanol,
forming a fluorescent product. The reaction details and
the nature of the adduct formed were determined by Simons
& Johnson (1973). The reaction scheme are given in Fig.

2.1

2.1.2 Separation Technique.

The separation of the mixture of derivatized amino
acids is accomplished using gradient elution, reverse
phase liquid chromatography. The chromatographic column
consists of a C-18 hydrocarbon covalently bonded to a
silica support. The mobile eluting phase consists of a
mixture of an organic¢ solvent and an aqueous buffer.
Different amino acids are separated according toe their
distributions between the mobile eluting phase and the
stationary phase. If the fluorescent adduct 1is
distributed predominantly in the mobile phase it will be
rapidly eluted, molecules distributed mainly in the
stationary phase will have 1longer elution times. The
length of time spent on the column, for a strongly held
amino acid derivative, can be decreased by a process
known as gradient elution. Here, the percentage polar
buffer content is reduced over time and is replaced with
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Fig 2.1 The Reaction Pathway For The Derivatization Of
Free Amino Acids, (from Evens 1988).
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a less polar organic phase. The gradient compositions
used in this study are detailed in section 2.1.3. Once
the amino acid derivative has been eluted from the column
it passes to a fluorescence detector. Fig. 2.2 shows a

schematic diagram ¢of the chromatographic system used.

2.1.3 Modifications to the Method of Evens 2t al. 1982.

The amino acids were derivatized and separated using the

method of Evens et al. (1982) witch the following
modifications.

1. Previcusly, the borax solution, used in the
ortho-phthaldialdehyde reagent, was prepared by

titracting boric acid (0.4M) with sodium hydroxide <to a
pH of 9.5. During the initial stages of this study it was
found that maintaining the glass electrode in a
sufficiently clean condition to produce amino acid free
reagent blanks was a problem. Therefore, commercially
produced sodium borate was purchased and the buffer made
up directly as follows:

3.81g of sodium tetraborate (NazB«s0O7 .10H:0) was dissolved
and made up to 100 c¢m?® with pure water. This gave a 0.1
M solution of sodium tetraborate of pH 9.6. (Britton

1955) .

2. Previously, the ortho-phthaldialdhyde resagent was
prepared by dissolving 135 mg of OPA in 5 ¢m® HPLC grade
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methanol, adding 100 mm® of 2-mercaptoethanol (MCE) and
making up to a final volume of 25 cm® with borate buffer
(pH9.5). The reagent was then kept without refrigeration

in glass. This process was altered as follows:

The 135 mg of OPA plus 5 cm“uof HPLC grade methanol was
made up to 25 cm® with Dborax solution (pHd9.6), and the
solution was then kept refrigerated. When the reagent
was required 2 cm® of the above solution was removed and
10 mm® of 2-mercaptoethanol added to it. This reagent was

then kept unrefrigerated and used the same day.

3. The gradient was altered from that published in Evens
et al. 1982, in order to increase the resolution of
glycine, threonine and arginine (Evens 1985). A table of

the gradient elution system employed is shown below:

Table 2.1 The Gradient Elution Programme Used For Amino
Acid Separation.

Time % 0.1M Phosphate % Acetonitrile. Curve
(min) buffer. Pump A Pump B.

Initial 97 3

6 93 7 7

18 91 9 8
24 80 20 7
33 80 20 6
36 78 18 6
38 67 33 8
42 67 33 ()

The slope of the change can be convex, concave or linear
depending on the curve number defined in the methed. An
explanation of the curves and their respective numbers
can be found in the Waters System Controller manual.

4. The Waters 420-C fluorescence detector was modified to
the more sensitive 420-AC version by the replacement of a

circuit board.
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Full experimental detail of the method wused for
amino gcid analysis during this study .is detailed in the
following sectioﬁ. The preparation of the borate buffer
has already been described above. All chemicals were of
the purest graﬁe obtainable and were purchased from
B.D.H. Ltd Poole. U.K. MilliQ water was used to prepare
all solutions.

Phosphate buffer was prepared by dissolving 15.6g of
sodium dihydrogen phosphate (NaHz PG4 .2H2 0, 0.1M), and
35.8g of disodium hydrogen phosphate (NazHPOs.12H20,
0.1M), in 2 1 of water, producing a buffer of pH 6.9.

The boric acid solution used to gquench the
derivatization reaction was prepared by dissolving 2.48g
of boric acid (HaBO3:)in 100 cm® of water.

Ortho-phthaldialdehyde (OPA) derivatizing reagent
was .prepared by dissolving 135mg c¢f OPA 1in 5¢m® of HPLC
grade methanol and the solution was then made up to 25cm?
with berate buffer (pH 9.6); this stock solution was
stored in a refrigerator. When the reagent was required,
2em® of the stock solution was removed and 100 mm® of
mercaptoethanol (MCE} was added to it. The OPA plus MCE
solution was discarded after one days work.

To gquantify the amino acids in sea water a
calibration table was created by analysing an aminoc acid
mixture containing known amounts of amino acids. (see
section 2.8). Alpha amino adipic acid, (internal standard)
and the amino acid calibration mixture were prepared as
1x10-3M stock solutions. (These were made up weekly and
kept refrigerated). Immediately prior teo use the
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millimolar stock solutions were diluted to give a 1x10-3M
alpha amino adipic acid solution and a 4x10-%M amino acid
calibration mixture. The procedure for the analysis of

standard solutions and sea water samples was as follows:
Calibracion analysis.

40 am? of 1x10-3M alpha amino adipic acid was
pipetted into a 5 <cm? conical flask, to this was added
100 mm® of the 4x10-¢M amino acid calibration mixture and
then 360 mm® of MilliQ water were added to bring the
volume up to 500 mm?, finally 100 mm? of the
derivatizing reagent was added to the flask. after
exactly 2 minutes the reaction was quenched by adding
300 mm?® of the boric acid solution, after which 75 mm? of
this reacted solution was injected into the amino acid

analyser.

Sea water sample analysis.

The process described above for the amino acid
standards was repeated for the sea water samples, except
that 20 mm® of alpha amino adipic acid was used instead
of 40 mm® and 480 mm® of sea water replaces the 460 mm?
of amino acid and water mixture. The injection volume for
derivatized sea water was 150 ul.

The acetonitrile used 1in the gradient elution
separation of the amino acid mixtures was degassed by
vacuum filtration using a ©.45 um Millipore PTFE filter.
The phosphate buffer was degassed in the same way using

18



0.45um Millipore HA type filter was used.

2.2 Contamination.

The reagent blanks for the analysis of amino acids,
using the method given above, were consistently below
the limits of detection of the method. Fig. 2.3 shows a
typical reagent blank <containing the internal standard,
amino adipic acid (aAdi).

Another source of contamination is the inadequate
washing of the chromatographic column. If the column is
not washed, as described below, then randem peaks occur
in the chromatogram which may be spuriously identified as
amino acids. To wash the column after wuse, 100 cm?® of
water is run through the column, followed by 50 e¢m® of a
50:50 methanol/MilliQ water mix. The <¢olumn 1is then
stored overnight in methanol/ water. Before analysis
begins the methancl/water is removed by flushing with 100
cm? of MilliQ water. Then 30 c¢cm® of acetonitrile 1is
pumped through the column followed by 50 cm? of_water.
The column is then ready for conditioning in the buffers

used for analysis.

2.3 Elution Order.

The elution order of the amino acids routinely
identified in seawater samples are given in Table 2.2.
together with a retention time and its wvariability
expressed  as the coefficient of wvariation (CV). Peak
idenctification was by coinjection with standards.
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«~ADI

Fig 2.3 A Typical Reagent Blank, Containing The Internal
Standard Alpha-aminoadipic Acid {ADI).




Table 2.2. Elution Order Of The Amino Acids Expraessed As
Retention Time. (The variability of the retention time
is given by the co-efficient of variation, CV, n=4.)

Amino acid. Retention CV.
Time (min).

AsSp 2.79

0.5
Glu . 5.37" 0.7
Adi 3.06 0.4
Ser 10.22 0.4
His 11.90 0.4
Gly 16.86 0.7
Thr 18.49 0.2
Arg 21.18 0.5
Ala 23.79 0.04
Tyr 25.86 0.02
Abu 26.28 0.06
val 28.71 0.2
Met 29.14 0.2
Trp/Ile 35.71 0.2
Phe 36.48 0.2
Leu 37.55 0.3
orn 40.59 0.1
Lys 41.06 0.1

It should be noted that retention times of the acids will
vary slightly, from column to c¢olumn, and with column
wear. Therefore, regular calibration is necessary to
ensure accurate identification of the amino acids.

Tryptophan and Isoleucine co-elute but can be

separated by raising the column temperature to
approximately 30" € using a water bath and column
jacket. Maintaining an easy-to-use, clean system for the

jacket was a problem due to algal growth. As Tryptophan
and Isoleucine were found to be minor constituents of the
free and combined fraction, a decrease in the possibility
of contamination was considered of more benefit than
resolution of these acids. Use of the water jacket was

terminated and the pair are reported together.
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2.4 Limits of Detection of the Method.

Adding an oxidizing agent to sea water followed by

exposure to a strong ulcraviolet (UV) light, for many
hours, has the effect of breaking down the organic
content to 1norganic forms, leaving the salt matrix

unaffected. This UV-irradiated sea water was used for
blanks and for preparing amino acid sclutions in a series
of experiments to find the 1limits of detection (LOD). By
using irradiatea seawater, as opposed to ultrapure water,
the blanks etc. were more closely matched to the matrix
of the envircnmental samples. The LOD were determined by
running UV-irradiated blanks six times. Standard amounts
of an amino acid mixture were then added, at increasing
levels, wuntil all the amino acids in the mixture were
detected (Miller & Miller 1985). The results can be seen

below in Table 2.3.
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Table 2.3 Limits Of Detection (LOD}) In Picomoles (p.mol)

For Free Amino Acids (a.a.) In UV Irradiated Ssawater.
a.a. LOD (p.mol). LoD (u.mol)
Asp 2 0.025
Glu 1 0.012
Ser 4 0.050
His 9 0.112
Gly 6 0.075
Thr 6 0.075
Arg 6 0.075
Ala 2 0.025
Try 1l 0.012
Abu 2 0.025
Val 1 0.012
Met 4 0.050
Trp/Ile 4 ¢.050
Phe 6 0.075
Leu 4 0.050
Orn 10 0.125
Lys 10 .125

2.5 Sensitivity and Linearity.

Having obtained the limits of detection for each
amino acid, the next stage was to determine if the range
of concentrations found 1in the environmental samples
fell within the linear working range of the fluorescence
method. Increasing amounts of each amino acid were
injected on to the column and eluted. The flucrescence
detector was linked to a Hewlett Packard 3390A reporting
integrator which gave an area c¢ount for each peak. The
data for area count versus amount on the column was fed
into a statistical program (Microtab) to ascertain the
correlation coefficient (r) between them. The r value was
tested for statistical significance wusing the student
t-test. All amino acids were found to have a significanc
correlation between area count and amount on the column.
The r values can be seen below in Table 2.4.
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The slcpe of the graph o¢f area count versus amount
on the column 1s a measure of the sensitivicy of che

method. Fig.2.4 to 2.5 shows the slope of the lines for

three o©f the eighteen amino acids tested. Fig.2.7
illustcrates the difference in sensitivitcy between
aspartic acid and ornithine, shown by the varying slope.

The reciprocal of the slope is the Response Factor (RF)
programmed into the Hewlett Packard integrator for cthe
calculation of the amount of each individual amino acid
in an environmencal sample. The calculations performed
by the integrator to f£ind the amount and concentration of
individual amino acids in the samples is discussed
further in section 2.8. A typical RF for each amino acid

can be seen in Table 2.4.

Table 2.4 The Response Factors (RF) And Pearsons
Correlation Coefficient (r}) For The Amino Acids (a.a.).

a.a. RF r

Asp 5.205x16-3 0.998
Glu 5.502x10-° 0.999
Ser 4.815x10-° 0.977
His 1.019x10-9 0.986
Gly 7.452x10-3 0.977
Thr 6.230x10-3 0.994
Arg 4.802x%0-3 0.991
Ala 4.723x10-3 0.994
Tyr 4.949x10-3 0.999
Abu 5.222x10-3 0.999
vVal 4.347x10-3 0.988
Met 4,308x10-3 0.995
Trp/Ile 6.211x10-3 0.985
Phe 5.942x10-3 0.999
Leu 5.565x10-3 0.984
Orn 3.405x10-+4 0.952
Lys 2.360%x10-¢ 0.915

Response factors change very slightly during cthe

life of a <column, and from column to cclumn; they are
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therefore redetermined at appropriate intervals.

2.6 Precision.

Precision is a measure of the repeatability of an
analysis. The technique used to f£ind the precision of a
method 1is to make repeat injections of a standard and
work out the variablity of peak height or area. In the
present case, precision, was determined at three
different concentration levels, ‘approximately 0.038,
0.075 and 0.25 uM, for each acid. This is egquiwvalent to
3, 6 and 20 picomoles on the column. The area counts from
the Hewlett Packard integrator were used to calculate the
coefficient of variation (CV). The results are given in

Table 2.5.

Table 2.5. Coefficient Of Variation (CV) For Repeat
Analyses At 0.038, 0.075 and 0.25 {(uM) Levels (n=4 in all
cases). CV= standard deviation divided by the mean
multiplied by 100. BLD= below the limits of detection.

(== CVmm———————m = >
a.a 0.038 0.075 0.25 uM
Asp 10 10 4
Glu i2 11 13
Ser 32 17 S
His BLD BLD 16
Gly 200 38 35
Thr BLD 97 3
Arg BLD 39 11
Ala 78 4 4
Tyr 16 6 6
Abu 1le 15 7
val 21 7 4
Met BLD 4 1
Tpr/Ile 200 110 7
Phe 200 90 9
Leu 115 94 7
Orn BLD BLD 5
Lys BLD BLD 15
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2.7 Accuracy.

Accuracy 1is a measure of how <close the observed
value 1is to the correct value. There are several methods
for the determination of accuracy, including reference
standards, standard additions and blind tests. The best
method is to compare the value given for a reference
sample with those detected by the method under
investigation. However, commercially available reference
standards of amino acids are prepéféd for traditional
ion-exchange amino acid analysers and are stabilized 1in
acid. It was therefdre not possible to use that method of
establishing the accuracy of the analysis in this present
study. Therefo;e two different methods were employed i.e.
standard additions and a "blind" test. In standard
additions known amounts of amino acids are added to a
sample which has been previously analysed for amino acid
content; The percentage recoveries of the added acids
are then calculated. It is possible 1in the method of
standard additions for the analyst to make a constant
error and this is best checked with a blind test. A
solution of amino acids is prepared by another worker so
that the analyst has no knowledge of its composition or
levels. The unknown solution is then analysed. The
reported composition and levels are' then compared to
those of the original solution. Results for the
percentage recovery of amino acids at a 20 picomole level
is shown in Table 2.6 while those for the blind test

appear in Table 2.7.
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Table 2.%. Percentage Recovery Of Added

The 0.25 uM. Level. {n=4)

a.a. % recovery.
ASP 116
Glu 102
Ser 127
His 1086
Gly 104
Thr 107
Arg 105
Ala 117
Tyr 102
Abu 106
Val 101
Met 124
Trp/Ile 111
Phe 100
Leu 122
Orn 102
Lys 129

Amino Acids At

Table. 2.7. Results Of The Blind Test.

a.a. Concentration Concentration
of original found by
solution {(mM). analysis (mM).

Asp 1.45 1.49

Glu 0.46 0.47

Ser 0.54 0.61

Gly 0.24 0.25

Thr 0.86 0.92

Ala 2.23 2.31

Tyr 0.45 0.49

Val 0.33 0.34

Phe 0.43 0.52

Leu 0.30 0.40

orn 1.06 1.50

Lys 0.51 0.86

The amino acids were diluted and analysed at cthe

picomole 1level, the results were then

concentration of the original solution.

acids were correctly identified.
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2.8. Hewlett Packard 3390A Integrator Calculations Used

to Quantify Amino Acids in Environmental Samples.

To be able to determine the amount of an amino acid
in an environmental sample, a calibration table must be
created in the memory of the integrator. This is achiesved
by analysing standards of amino acids including the
internal standard (ISTD) alpha amino adipic acid (adi}.
Then for each acid a retention time and response factor
(RF) is programmed into the memory. Retention time is
used to identify the acid and RF used to calculate the
amount of an acid injected onto the column and from this
the concentration in the sea water. The retention time
is taken from the chromatogram of standards. A retention
time window is selected by the operator and is in this
case the retention time plus or minus ©¢.5 of a minute.
The RF is the amount on the column divided by the araa
count o¢f that peak. The amount of a standard placed on

the cclumn is calculated as shown below:

100 mm?* of a 1x10-3IM amino acid sclution is made up to

25cm® with ultrapure water giving a concentration of:
100/25,000 x 1.10-3M = 4x10-¢M solution.

100 mm? of cthis 4x10-6M sclution is added to 40 mm3 of
internal standard and 360 mm?® of water giving a total of
500 mm?y. The derivatization procedure involves the
addition of.100 mm? QOPA reagent and 300 mm?® of Boric acid

27



giving a total of 900 ul. Therefore the final strength in

the reaction mixture is:
100/6800 x 4x10-tM solution = 4.444x10-7M solution.

75 ul of this solution was injected into the amino acid

analyser. Amount injected is given by:

75/1x10¢ X 4.444x10-7M = 3.333x10-'1 moles or 33.33

picomoles.

The 33.33 picomoles would produce an area count on the
chromatogram and the response factor is obtained from:

RF= amount on column /area count

For most of the amino acids the RF is of the order
5x10'5.. The 1integrator calculates a RF for each aminq
acid including the internal standard. The calculation of
the concentration of an amino acid in an environmental

sample is shown below:



The amount of amino acid (p.mol) in an environmental

sample is calculated as follows:

RF of acid in Area count of
calibration X the acid in the
table. sample. The amount of
--------------------------------- X Adi added to the
RF of Adi Area count of sample.
in rtable. x Adi in the

sample.

In this way all the amino acids are normalized to the
response of the internal standard (Adi). Conversion from
amount of amino acid present to concentration expressead

as u moles 1-! in the original sea water is as follows:

20 mm® of internal standard is added to 480 mm3?® of sea-
water. This 1s derivatized and in the process is made up
to 900 mm? . An aliquot (150 mm?) of this is mixture then

injected i.e.

480/900 x 150 = 80 mm? of seawater is injected.

The amount on the column originates from 80 mm3 of sea-

water. Therefore the concentration in the sea water 1is

given by Y p.mol in 80 mm?. The conversion to umoles/l is

as follows:

29



R

1x106 x Yx10-!?2 moles = ¥x10® u molar = Y x 0.0125 uM.

80 of acid 80

Therefore the amount of an amino acid on the column in
picomoles x 0.0125 = —concentration (u molar) in the

original seawater sample.

2.9 Sample treatment.

2.9.1. Filtration.

Filtration of sea water samples prior to analysis is
a common practice. Recently a number of texts have become
available which question the use of filtration,[ Casey &
Walker {1983), Ridder et al. (1985), Grasshoff (1986),
Mopper & Lindroth (1982) and Fuhrman & Bell (1985)].
Grasshoff (1986) states that filtration can cause
contamination and may 1lead to cell disruption with the
concemitant release of intracellular £fluvids and the
reader 1is cauticned to filter only when it 1is
unavoidable. Fuhrman & Bell (1985) give a detailed
discussion of the filters commonly used and volumes
filtered and conclude that glass fibre filters lead to
cell rupture with volumes as low as 10 cmd and that
they should not be used for disgolved free amino acid
analysis. If filtering is used it should be with small
volumes 5-10 cm® at low pressures and through 0.2 or 0.45
um membrane filters.

In this.study the coastal and depth profile samples
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for DFAA analysis were not filtered. Estuary samples due
to high levels of suspended solids were filtered through
a 0.45 um Millex HA type filter. Coastal samples for
hydrolysis were filtersd using sterile, bubble tested 0.2
um Millex GV filters, which contain a low protein binding
Durapore membrane. The individual filter is attached to a
glass syringe containing 10 cm?® of seawater, and lcm® of
seawater 1s expelled through the filter by gentle

pressure.

2.9.2 Ssample Preservation and Storage.

Previous attempts at preserving samples have
involved acidification, (Webb & Wood 1966), addition of
mercuric chloride (HgCl:), (Garrasi 1979, Bada et al.
1982, Ittekkot 1982, Muller et al. 1986), toluene
(Josefsson et al. 1877), chloroform (Parks et al. 13963,
Riley &.Segar 1870), or pentachlorophenol (Dawson and
Pritchard 1978). Fuhrman & Bell (1985) studied the effect
of addition of HgCl:z on amino acid levels and reported a
fourfold increase in the treated samples compared to the
untreated samples. Webb & Wood 1966 found that the
acidification of samples 1leads to increased amino acid
levels. Grasshoff 1986 reports that Thayer (1970) showed
that chemical methods of preservation were unsuitablé
for micronutrients.

An alternative to chemical preservation has been
sample storage by freezing. Morris et al. (1985) discuss
the damage to cell membranes during the freezing process
which again can 1lead to intracellular leakage of amino
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acids.
Due to the difficulties outlined above none of the
samples in the present study where subjected <to any form

of preservation or storage.

2.9.3 Sample Collection.

Samples were collected by the c¢rew members of the
_Marine Biological Association ships.

Coastal samples, all of which were surface samples,
were collected using standard reversing bottles. Samples
Wwere transferred to acid washed plasti¢c bottles. Each
bottle was rinsed several times with its particular sea-
water sample before being capped. The bottles were placed
in an insulated container to remain coel. On arrival ac
the laboratory the samples were transferred to a
refrigerator to await analysis.

Depth samples were collected using standard plastic
reversing bottles. The samples were dealt with as above.
During the July 1987 cruise, depth profile samples were
transferred directly to the refrigerator.

Estuary samples were collected using a clean plastic
bucket rinsed several times in the estuary water. Samples
from the bucket were filtered at 0.45um and transferred
to the plastic bottles. Again the bottles were kept in an

insulated coeontainer until arrival at the laboratory.
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2.9.4 Analysis Time.

The analysis time for each sample 1s approximately

50 minutes. Samples were <collected by the Marine
Biological Association Boats and the analyses were
commenced as soon as the samples were brought to the
laboratory. Samples awaiting analysis were kept 1in a

refrigerator at 4°C.
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CHAPTER 3.

DEVELOPMENT OF THE METHOD FOR THE DETERMINATION OF

DISSOLVED COMBINED AMINO ACIDS BY ACID HYDROLYSIS.

3.1. Introduction.

Chapter 3 deals with the development of the
hydrolysis procedure vused 1in the present study to
determine the dissolved combined amineo acid 1levels 1in
sea water. Table 3.1 gives details of the methcds used

by previous workers.

Table 3.1 Hydrolysis Methods Used By Previous Workers.
Reference Hydrolysis methed.
Park et al.(1962). Co-precipitation of organics

with ferric hydroxide.
Acid hydrolysis with 6M HC1l.

Degens et al. (1964). Glass ampoule sealed under
Nitrogen. (No other details
given).

Bishop & Louden (1965). Co-precipitation of organics

with ferric hydroxide.
Acid hydrolysis with 6M HC1.

Siegel & Degens (1966). Refluxed for 24 hours with
6M HC1.

Riley & Segar (1970). Evaporation of sample.
Addition of HCl to 6M.
Hydrolysis for 10 hours at
110°C under nitrogen.

Lee & Bada {(1975). Reflux for 24 hrs with 6M HCl.
Daumas (1976). Acid hydrolysis no details.
Siezen & Mague (1978}. 6M HC1,110°C, 20 hours, glass

ampoule sealed under wvacuum.
Garrasi et al. (1979). 10 cm? of seawater placed in
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ampoule then evaporated to
dryness. 1 cm3 of 6M HCl added
tube sealed under nitrogen.

22 hrs.
Maletova (1979). 6 HC1, 105°C, 24 hours.
Bolter & Dawson (1982). Mixed 8M HCl 1:1 with sea

water. 22 hours, 110°C.

Bada et al. (1982). Evaporation of sample. 6M HC1
reflux 24hours. 200 mg of
Ascorbic acid added to prevent
degradation of combined amino

acids.
Ittekkot {(1982). 6M HC1l, 110°C, 22 hours.
Lee & Cronin (1982). Acid hydrolysis no details.
Henrichs & Williams 6M HC1l, 110°C, 24 hours.
{1985). Glass ampoule sealed under
nitrogen.
Mopper & Zika (1987). Acid hydrolysis no details.

In our initial studies we have experienced a variety
of difficulties when using the published methods. The
following account outlines the series of experiments
undertaken to produce a reliable hydrolysis procedure.

One of the main problems with amino acid analysis
is the possibility of contamination; for free amino acids
this can be checked by running a reagent blank. For the
combined amino acid analysis a procedural blank was used
i.e. water of a high purity which was considered free
from dissolved free or combined amino acids was taken
through the hydrolysis procedure. Its subsequently
determined amino acid content was an indication of the
level of contamination produced by the method. The most
common practice for the hydrolysis of sea water has been
to reflux at atmospheric pressure with 6M hydrochloric

acid (HCl). Section 3.3 below will deal with the problems
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of obtaining 1low reproducible procedural blanks (PB)
using this ‘method.

However, before a detailed discussion o¢f the reflux
mechod attention will be paid to the technique devsloped
for the pH adjustment of hydrolysed sampleé preceeding

amino acid analysis.

3.2 Hvdrolysate pH Adjustment.

Initial work was directed tOWardé finding a
suitable method of removing the HCl1 so that the amino
acid analysis ¢ould be carried out on a non-acidic sample
as the derivatization technique demands. Neutralization
with sodium hydroxide was unacceptable as the Hypersil
ODS column packing was already near its tolerance limit
for salt coﬁtent with the presence of seawater (0.6M
NaCl). Therefore a method had to be found that did not
increase the ionic content o¢f the sample. Rotary
evaporation of 2 cm? of a 6M HCl solution containing
amino acids, followed by storage under vacuum over
potassium hydroxide pellets for 15 hours, gave a
procedure which did not affect the derivatization
reaction. This was determined by comparing the peak area
for the.internal standard, alpha amino adipic acid, in an
agqueous amino acid solutien with tha®t from amino acids
in 6M HC1l solution which had undergone the above process
of evaporation and desiccation. No difference between
peak areas was observed. There was a 95 percent
recovery of amine acids from the evaporated acidic
solution.
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3.3 An Investigation Of Seawater Hydrolysis Using The

Common Reflux Methedology.

3.3.1. Problems Encountered Using Deionized Double

Distilled Water (DDDW) As The Hydrolyis Procedural Blank.

The first set of hydroclyses undertaken was that of
deionized double distilled water (DDDW), which had been
shown to be free of dissolved amino acid. The apparatus
for the experiment, a microscale reflux system under a
Nitrogen atmosphere is shown in Fig. 3.1. A typical
procedural blank (PB) chromatogram, showing high levels
of contamination, can be seen in Fig.3.2.

The possible sources of contamination could have
been; the Nitregen gas, antibumping granules, the DDDW,
the Aristar Hydrochloric acid, a proteinaceous monolayer
on the glassware which was not removed by acid washing or
a contaminant entering the system used for hydrolysis.

A series of experiments was undertaken to eliminate
one at a time the possible causes of contamination listed

above.

3.3.2 Effect of the Nitrogen Atmosphere.

An experiment consisting of 4 hydrolyses of DDDW,
using 6M Hydrochleoric acid (HCl} at reflux were set up.
Two were under a nitrogen atmosphere and two without
nitrogen. In the <case of those without nitrogen a
Quickfit stopper was placed in the top of the reflux
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Fig 3.1 A Schematic Diagram Of The Reflux Apparatus Used
For The First Hydrolysis Experiments.
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Fig 3.2 A Typical Chromatogram For The Acid Hydrolysis
Of Deionised Double Distilled Water: The Amino Acid
Procedural Blank Shows High Levels Of Contamination.

Fig 3.3 Aristar Hydrochloric Acid Taken Through The
Hydrolysis Process With No Water Present, And Showing
Reduced Levels Of Contamination.



condenser and a filter funnel inverted over the
apparatus with approximately a guarter of an inch .gap
between the funnel neck and the stopper. This kept the
stopper in place while allowing the air pressure to
equalize, this was designated a semi-sealed system.
Results showed amino acid contamination in both sets of
hydrolysates. It was therefore concluded that the
nitrogen gas was not the cause of contamination. However
nitrogen was no longer used and all further experiments

employed the semi-sealed system.

3.3.3 Antibumping Granules.

Two sets of duplicate hydrolyses of DDDW were
undertaken, one set with antibumping granules, and thg
other set without. Again, contamination was present in
both sets of results. Therefore, the antibumping granules
were not the c¢ause of the contamination, but as

previously they were no longer included in the method.

3.3.4. Investigation ©Of The Proteinaceous Monolayer

Theory.

Chromic acid washing of glassware 1is known to leave
a monolayer of 1lipid attached to the glass.{(Persoconal
communication, E.I.Butler). There was a possibility that
washing with 10 % hydrochloric acid left a proteinaceous
layer on the glassware used for the hydrolysis which
could be the source of contamination. fherefore the glass
washing procedure was changed. The anaiar hydrochloric
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acid was replaced by a 5% solution of Decon 90. (BDH).The
foliowing set of duplicate hydrolysis experiments were
then undertaken. Set one, deionized 'double distilled
water (DDDW) plus acid without heat. Set two, DDDW plus
acid sunicated for 2 hours without heat. Set three DDDW
plus acid refluxed for 2 hrs. The zxperiment wichout
heating preduced no amino acids, while thos< which were
sonicated or heated gave amino acids. This indicates that
a bond breaking oCccurs which gives rise to the
contamination i.e. the source must be macromolecular.
Also the contamination is not due to a protein monolayer.
The Decon 90 cleaning method was used for the rest of the

experiments on the reflux method.

3.3.5. Role Cf Hvdrochloric Acid In The Problem Of

Contamination.

The next series of duplicate hydrolysis experiments
were as follows: one, water only ‘sonicated; two, water
plus acid sonicated (2 hrs); three, water plus acid
heated for a period of 2 hrs. The sonicated water without
acid gave no amino acids. While both the other _sets of
experiments gave the wusual contamination. From this
result it was concluded that the acid must be present for
the contamination to occur.

Two set of duplicate reflux apparatus were used for
the next experiment. In the flask of each set was placed
Aristar Hydrochloric acid only. Set one was 1left at room
temperature while set two was heated for two hours.
Neither set of experiments showed the typical pattern or
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levels of amino acids observed in previous hydrolysactes
{see Fig.3.3). The result of the above experiment leads
to the conclusion that while the acid must be present for
the contamination to occur 1t is not itself the source of
the contaminant.

The possibility that the DDDW was the scurce of the
contamination was investigated as follows: two duplicate
sets of reflux apparatus were prepared. One set contained
only Aristar hydrochloric acid. The second set contained
acid plus water. Both the acid and the acid plus water
were refluxed. Ac¢cid only gave the same result as
previcusly i.e. no typical contamination pattern. The
acid and water however gave the usual pattern and levels
of contamination. Therefore the problem of contamination
appeared to be a macromolecular species in the unfiltered
deionized water. Filtration of the DDDW at the 0.45 um
level greatly reduced the level of contamination, further
supporting the idea of c¢entamination by a macromolecular
species. A supporting experiment was carried out in
which 10 times 2cm? aliquots of DDDW wWwere serially
evaporated from the same 10 c¢cm® round bottomed flask.
Close inspection of the flask at the end of the
experiment showed the flask to contain a white deposict.
Acid hydrolysis of the deposit showed that it contained
high levels of combined amino acids. This confirms thacn
the DDDW which had been used for all work up to this
point contained an impurity which had caused the typical
contamination pattern observed during cthe procedural
blank hydrolyses. A recent paper by Samata & Matsuda
{1986) confirms these findings.
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Subsequent  work including glassware washing was
carried out wusing 0.45 um filtered ©DDDW, wuntil the
purchase of a MilliQ ultrapure water system when the use

of DDDW was terminated.

3.4 Evaluation Of The Generally Used Reflux Method.

At this stage the hydrolysis method development had
been successful in removing hydrochloric acid prior to
derivatization and producing a reflux method with a low
but not insignificant blank.

It was decided at this stage to conduct a
preliminary investigation of seawater samples to
determine the magnitude of the dissolved combined amino
acids relative to the procedural blanks. Table 3.2 shows
procedural blank and seawater levels determined on a
variety of occasions. The blank levels were inconsistent.
By comparing the levels of dissolved free amino acids and
the total amino acids in the seawater samples it was also
clear that amino acid destruction was occuring in some of
the samples. This meant that a fuller investigation of

the hydrolysis by reflux was necessary.

41




Table 3.2. Duplicate Procedural Blanks (0.45 um filtered
DDDW) And Sea Water Samples Hydrolysed Using The
Semi-sealed Reflux Methodology. TAA=Total amino acids
free plus combined.

Date Blanks: TAA (uM). Sea water: TAA (uM).
without subtraction
of the blank values.

08.01.86 2.203, 2.118 3.755, 3.291
21.01.86 1.230, 2.590 2.064, 2.957
23.01.86 0.952, 1.234 1.596, 2.041
28.01.86 0.250, 0.164 1.158, -----
03.02.86 0.066, 0.053 0.868, 0.273
11.02.86 1.251, 0.906 0.714, 0.402
25.02.86 0.125, 0.106 0.224, 0.210
06.03.86 0.645, 1.6238 1.327, 2.963

3.4.1. Recovery of Free Amino Acids.

The first step in this investigation was to examine
the recovery of amino acids from a solution of free amino
acids subjected to reflux hydrolysis conditions. Water
was spiked, with the eighteen amino acids 1listed in
chapter 2, at three different levels i.e. 0.362, 2.000
and 4.000 uM. for each amino acid. This free amino acid
mixture was subjected to acid hydrolysis conditions
using the semi-sealed apparatus described above. The
percentage recovery of these free amino acids are shown

in Table 3.3.
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Table 3.3. The Recovery Of Free Amino Acids From Water
Hydrolysed Using The Semi-sealed Reflux Methodology.

% recovery

amino acid. 0.3862 2.000 4.000 (uM).
ASp 29 23 28
Glu } 24 54 59
Ser 18 52 59
His 0 0 3
Gly 40 76 80
Thr 0 39 42
Arg 0 47 64
Ala 91 107 99
Tyr 0 2 3
Abu 104 92 . 87
Val 70 101 97
Met 0 0 0
Trp/Ile 18 42 48
Phe 0 44 42
Leu 48 62 70
Orn 0 22 46
Lys 0 44 81

The hydrolysis at three levels was repeated but the
losses were not reproducible. Such losses during the
hydrolysis procedure were considered unacceptable and it
was decided at this stage to abandon the reflux
hydrolysis procedure and examine the procedures based

upon hydrolysis under sealed tube conditions.

3.5 Sealed Tube Methodology.

The first experiment undertaken was to run saveral
procedural blanks (PB) using filtered deionized double
distilled water hydrolysed with 6M HCl in a sealed glass
ampoule for 16 hrs at 110°'C. 1Initial results were
encouraging as apparently amino acid-free blanks were
produced.

The experiment describe above (section 3.4.1}) where
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water was spiked at three levels with an amino acid
mixture was repeated ‘using the sealed tube procedure.
This gave zero- amino acid recoveries in all three cases.
Degassing of tha samples with helium or flushing with
nitrogen were without affect on the a.a. recoveries.

It is well known that degradative losses occur
during protein hydrolysis (Hunt 1985). 1In most protein
analysis studies the hydrolysis 1is c¢arried out at
approximately 1mg of protein for 1 cm® of acid. It was
therefore decided to examine the pegcéntage amino acid
recovery using a protein of known amino acid composition

(Bovine Serum Albumin) hydrolysed by both the reflux and

sealed tube method at the 1 mg/cm? level.

31.6. Percentage Recoveries Of Amino Acids_ From A Known

Protein At The I1mg/cmd Level Using The Semi-sealed

Reflux And Sealed Tube Methodologies.

Amino acid recoveries of the order of 90 percent
were obtained by hydrolysing 1mg/cm? of Bovine Serum
Albumin wusing either simple reflux or sealed tube
procedures. The total loss of amino acids under sealed
tube conditions even at 4.000 uM can therefore only be
explained by an extensive degradation occurring when
aminc acids concentrations are several orders of

magnitude below those commonly used for protein analysis

work.

This experiment also shows that the irregular
hydrolysis results (Table 3.2.) is an indicatien that,
under reflux hydrolysis conditions, both extensive
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degradation of amino acids , together with contamination

presumably of aerobic origin, are encountered.

3.7 Evacuated Sealed Tube Methodology.

The main difference between the reflux and sealed
tube methodology is the pressure developed 1in the
apparatus during the hydrolysis process. Therefore,
determination o¢f Dblanks and recoveries of free amino
acids at the 0.362 uM. level, were repeated using a
technique in which pressure was reduced to 0.05 mm Hg
before the tubes were sealed. This was designated the
Evacuated Sealed Tube method (EST). Full experimental
details of this evacuated sealed tube technique are given
in section 3.10. below.

The results of the blank determinations are given in
Table 3.4 while those for free aminc acid recoveries are

presented in Table 3.5.
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Table 3.4. Within Batch (Column 1) And Between Batch
{Column 2) Means And Co-efficient Of Variation (CV} For
Procedural Blanks Preparad By EST.

Column 1 Column 2
amino mean of 3 amino mean of 20
acids analyses acids analyses.
detacted. {uM) . detected. {(uM) .
Asp 0.083 Asp 0.084
Glu 0.073 Glu 0.090
Ser 0.192 Ser 0.175
Gly 0.087 Gly 0.122
Ala 0.102 Thr 0.014
Total 0.537 Ala 0.098
cv 3.2% Tyr 0.004
Val 0.034
Phe 0.002
Leu 0.019
Total 0.644
cv 33%

Table 3.5. Percentage Recovery Of Added Free Amino Acids
At The 29 Picomole Level Which Have Been Subjected To The
Hydrolysis Conditions Of The Evacuated Sealed Tube
Method.

amino acid % recovery.
AsSp 112
Glu 118
Ser 102
His 116
Gly 89 -
Thr 125
Arg 105
Ala 111
Tyr 89
Abu 79
Val 97
Met 0]
Trp/Ile S0
Pho 68
Leu 76
Orn 57
Lys 52

It was now considered that both the blanks and frea

amino acid recoveries were such that further experiments
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could be undertaken wusing this evacuated szzled tube
procedure for hydrolysis.

The next stage of the investigation was therefore :to
evaluacte the hydrolysis procedure with raspect to the
percentage recovery of amino acids from a sample
containing known amocunts of dissolved combinad amino

acids. This was again achieved by hydrelysing a protein

of known amino acid composition { Bovine Serum Albunin-,
BSA) under various conditions. The results are giwven in
Table 3.6.

Table 3.6. Percentage Recovery Of Amino Acids Obtained BY
Acid Hydrolysis Of BSA (at different levels), In Sealed
Tubes Under Various Conditions.

Anino Column Column Column Column
acid 1 2 3 4
AsSp 23.0 62 57 67
Glu Ji.4 S1 51 65
Ser i1.3 114 43 64
His 7.2 83 54 80
Gly 6.8 142 110 62
Thr . 13.7 62 48 70
Arg 11.1 53 73 84
Ala 19.86 65 63 65
Tyr 7.5 59 69 69
Val 14.2 74 77 39
Phe 11.2 44 S0 61
Leu 26.0 48 50 56
Lys 24.6 51 50 66

Column 1. Theoretical 1level of amino acid (picomoles)
obtainable from a 3x10-7g/cmld aqueous solution of B3SA
(calculated from data given by Haurowitz 1963).

Column 2. % recovery of amino acids from BSA, hydroliysed
in Ulctrapure water at 4x1l0-7g/cm3, 0.05 mm Hg.

Column 3. % recovery of amino acids from BSA, hydrolysed.
in seawater at 3x10-7g/cm3, 0.05 mm Hg.

Column 4. % recovery of amino acids from BSA, hydrolysed
in UvV-irradiated seawater at 3x10-7g/cm3, 0.05 =m Hg.

Aan agqueous solution of BSA at a concentration of
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3x10-7g/ml was selected for the studies since it contains
| dissolved combined amino acids at approximately the same
order of magnitude as expected to be present in the
environment.

The results in. Table 3.6 were felt to be
encouraging. However a series of experiments was
undertaken to see if further improvements could be made.
Changes in the ratio of volume o¢of sample to volume of
tube, further reduction in pressure to 0.01 mm Hg in  the
.sealed tube, and degassing with niérégen or hglium did
not yield any noticeable improvement to the data given in
Table 3.6.

A comparison of the percentage recoveries of added
free amino acids to a hydrolysis mixture as given in
Table 3.5 with the percentage recoveries of the same
amino acids when present in the combined form as protein
Table 3.6, Column 2, shows that in several cases
extensi?e degradation of individual acids occurs during
the process of peptide bond breaking occuring .in the
hydrolysis &e.g. aspartate and glutamate recoveries are
reduced to approximately fifty percent.

It was decided however, that the evacuated sealed
tube method would suffice for the environmental work to
be undertaken and a short series of complete
determinations of dissolved free and dissclved combined

amino acids was undertaken to test the method.
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3.8. Precision Qf The Evacuated Sealed Tube Technigue For

The Hvydrolysis Of Environmental Samples.

It was necessary to determine the preciéicn of the
evacuated Sealed tube techniqﬁe. This was achieved by
hydrolysing duplicate environmental samples and exanining
the variation in dissolved combined amino acid levels
obtrained. Table 3.7 details the results of these
experiments and shows the variation to be at an

acceptable level.

Table 3.7. Hydrolysis Of Duplicate Environmental Samples.

Date: Duplicate DCAA
analyses {(uM}.

5.6.86 2.395, 2.200

12.6.86. 1.520, 1.367

3.9.86 2.480, 1.975
2.241, 2.180
4.346, 4.743

The possible effect of nitrate levels on amino acid
recoveries was first discussed in the paper of Henrichs &
Williams {1985). The level of nitrate found in natural
waters can vary from below 1 uM to approximately 50 uM
in estuarine warers. The waters of the English Channel
(E1) have a maximum of 12 uM, though values for coastal
waters may be higher (Butler et al. 1979). The high
acidity of the hydrolysis medium would result in nitrate
being present as the powerfully oxidizing Nitric acid
species. It was felt this could cause increased
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degradation of amino acid species during thes hydrolysis
proéess. Accordingly the effect of nitrate levels upon
amino acid recoveries from hydrolysis . experiments was
investigatced.

3.9. The Effect Of Nitrate Levels On The Amino Acid

Recoveries From Protein.

A seawater sample was UV-irradiated in the presence
of hydrogen peroxide to breakdown any - crganics preseng.
In the <case of nitrogen containing organic molecules
these would have been degraded to nitrate. 1In this way
the UV-irradiated seawateéer contained the highest levels
of nitrate likely to be found in sea water. Bovine Serum
Albumin (BSA) was added to the UV-irradiated seawater and
hydrolysed. The percentage récovery of the amino acids
are given in Column 4 of Table 3.6. Having
established that amino acids recoveries were unlikely to
be affected by the nitrate levels in the sea, attention
was turned to the estuary. The highest levels of nitrate
found in the Tamar estuary 1is 36 u Molar. A pure water
solution was spiked with nitrate to 36 u Molar and BSA at
3x10-7g/cm3. This solution was then hydrolysed using the
evacuated sealed tube technique. This gave negligible
recoveries of amino acids. Consequently no hydrolyses of
estuarine samples have been carried out in this study. It
is important to note the limitations imposed by the
presence ¢of high nitrate values upon dissolved combined

amino acid determinations by hydrolysis procedures.
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3.10. Use Of The Internal Standard In Hydrolysates.

An internal standard of Alpha amino adipic acid
{Adi) at an approximate 1 uM level was added to the ssea-
water samples before hydrolysis and a recovery of 89

percent was obtained. It was necessary to add the Adi to

each hydrolysis sample, in order to monitor —the
hydrolysis process, and also to check <that the pid
adjustment, (section 3.2), was effective in every case.

3.11. Detail Of The Hydreolysis Procedures Involved In The

Evacuated Sealed Tube Technique.

l. Pyrex test tubes measuring 150 x 18 mm were cleaned by
immersion in a 10% Analar Hydrochloric acid overnighre.
They were then rinsed many times in MilliQ water and

allowed to drain in an inverted position.

2. A constriction approximately 3 mm in diameter was made

2 cm from the rim of the tube using a glass lathe.

3. The batch of constricted tubes was theﬁ placed in an
inverted position in a beaker. The beaker was covered
with aluminium foil to prevent contamination and placed
in an oven. The oven temperature was raised to S560°'C over
a period of 30 mins and maintained at that level for 20
mins, then reduced to 500°C for 6 hours. The oven was
then turned off. The tubes remained overnight in the oven
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to <ool. This pyrolysis was nacessary to ensure complate

removal of traces of contaminacing amino acids.

4. The next stages of the hydrolysis procedure were
carried out in a fume cupboard. Clean plastic gloves wera
Wworn at all times to prewvent contamination of glassware

or sample.

5. Samples with appropriate blanks were hydrolysed as

follows:

Aristar Hfdrochloric acid (1 ¢m?®) was added to the
hydrolysis tube using an acid washed, all glass syringe,
followed by the water sample 1 cm? {or MilliQ water in
the case of blanks). All samples for hydrolysis were
filtered using a Millex GV (0.22um) -filter attached to
the full syringe. 100 ul of a 1x10-3M solution of alpha
amino adipic acid was added using a micropipette with é
pre-rinsed plastic tip. The solution was degassed by
bubbling helium through it (2 min) wusing a previously
cleaned glass capillary.’

After degassing, the samples were frozen by
immersion in liquid nitrogen. The sample tubes were then
evacuated to a pressure of 0.05 mm Hg and sealed at the
constriction with a flame. Hydrolysis was carried out in

an oven at 110°'C for 16 hours.

6. After hydrolysis the tubes were immersed in 1liquid
nitrogen and opened. The contants were carefully poured
into a c¢lean 10 cm? round bottom flask and tha
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hydrolysate evapocrated to dryness on a rotary £ilm
evaporator. The bath temperature for the evaporation
process was 50°'C. Final traces of moisture and acid were
renovsd by wvacuum desiccation over potassium hyd;oxide
for at 1least 15 hours. Following the release of the
vacuum, 1 cm3 of wultrapure water was added to the round
bottomed flask and a 500 mm?® aliquot removed and analysed

for amino acid content.

3.12. Conclusion.

The experiments outlined above show that the most
generally used method of sea water hydrolysis 1i.e.
refluxing at atmospheric pressure will only give
reliable results at a protein 1level of approximately
1x10-3g/cm?, which is far in excess of that found in
seawater. At the low levels found in seawater the reflux
method is wunreliable e.g. the recovery of free a.a. at
0.362 uM 1is 26 percent. This is due to a combination of
degradation and contamination. The evacuated sealed tube
method gives an average recovery of 87 percent for free
amino acids at the 0.362 uM level and a 61 percent
recovery of amino acids from a protein at the

3x10-7g/cm?® level.
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CHAPTER 4.

THE METHODOLOGY FOR SIZING THE COMBINED AMINQ ACID

FRACTION.

4.1. Introduction.

A number of different techniques are available for
the sizing of organic macterial in sea water. These are,
absorption onto organic resins (used for humic acids),
reverse osmosis, gel exclusion chromatography,
filtration, ultrafilcration and vultracentrifugation. The
most commonly used method 1is wultrafiltration see Table

4.1.
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Tabla 4.1. The Techniques Used By Previous Workers To

Size Organics In Seawater, And The $Size Classes
Investigated. '
Reference Technique. Size classes

investigated.

Sharp, 1973. Ultrafiltration. 0.8 um
0.025 unm
0.003 um
Maurer, 1976 Ultrafiltracion 1,000
10,000
100,000
Ogura, 1977 Ultrafiltraction 500-100,000
Lancelot, 1984 Ultrafiltracion 500 4
Shoji et al., 1984 Ultrafiltration 1,000
10,000
100,000
Carlson et al.,l1l985 Ulcrafiltration 500
5,000
10,000
20,000
50,000
Suzuki & Sugimura Gel filtration <700
1985 - 700-30,000

30,000-70,000
70,000-150,000
>150,000

A stirred ultrafiltration unit was available for use
in this project. The main problem associated with
ultrafiltration 1is concentration polarization. This is
due to a layer several molecules thick building up on the
surface of the filter, effectively creating a second
filter, which can severly affect the size of molecules in
the filtrate. This problem is overcome by agitation of
the solution. Ultrafiltration cells that employ a stirrer
bar as agitator c¢an cause microscopic damage to the
filter, which in turn can affect pore size. Therefora ths
preferred method of ultrafiltration is tangential fliow,
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which has no destructive effect on the filter.

In tangential flow there are two processes occuring
in the filter head.' A small positive pressure causes the
liquid to be filtered, whilst, at the same time, the
sclution being fi}tered sweeps away any build up of
large molecules, as it flows across the surface of the
filter membrane, and thereby removes any effect of
concentration polarization. The £low has no harsh
physical effect on the f£ilter and does not cause damage
to the delicate membrane. Fig. 4.1 illustrates the
principal of tangentiallflow.

Due to the problems outlined above the stirred
ultrafiltration unit was not used. However no money was
available for a tangential flow unit and therefore the
cheaper, but well established technique of

ultracentrifugation was used as an alternative sizing

method.

4.2. Methods Of Ultracentrifugation.

Two types of ultrafilters were used. These were
Centriflo membrane cones CFLS: Retention cut off 25,000
and Centricon-10 microconcentrators with a cut off at
10,000. Both these procducts were supplied by Amicon. The
two amicon publications dealing with the wuse of these
units are Pub. I-122G for centriflo cones and Pub. I-259C

for microconcentrators.
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4.2.1. Use Of Centriflo Cones.

A size determination consisted of a preliminary
washing of the cone, a blank determination for combined
amino acids, followed by centrifugation of a sea water
sample with a similar analysis. Experimental details of
this process were as follows.

Two cones were soaked overnight in vultrapure water
in an acid washed covered container. The cones wefé then
transferred to their acid washed supports which were
fitted into similarly washed centrifuge tubes, see Fig.
4.2, 7 cm? of ultrapure water were placed in the cone
using an all glass syringe. The cone assembly i.e. cone,
support and tube were placed in a centrifuge and spun at
2,000 r.p.m. for 20 mins. The water passed through the
cone into the centrifuge tube, carrying with it any
moleculés less than molecular weight 25,000. (All
molecules of greater weight being retained in the cone).
The water was discarded and the process repeated another
two times using ultrapure water. On the third spinning of
the cones 1 cm? of the water from the centrifuge tube was
taken for hydrelysis and served as a sizing procedural
blank. Hydrolysis being by the evacuated sealed tube
technique described in chapter 3.

The centrifugation through the cones was then
repeated using 7 cm® of 0.22 um filtered sea water. 1 cm?d
of the spun sea water was removed from the centrifuge

tube and hydrolysed.
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Fig 4.2 A Diagram I[llustrating The Amicon Centriflo Cone
For Ultrafiltration, (nominal value 25,000 M.W.).

Filg 4.3 A Diagram Of The Amicon Centricon-10 For
Ultrafiltration, (nominal value 10.000 M.W.).




4.2.2. Use 0Of Ceatricon-10 Microconcentrator.

Two cen;ricon—lo systems were assembled as shown in
Fig. 4.3. 1 cm® of uitrapure water was placed in the
sample reservoir the mouth o¢f which was covered witﬁ the
retentate cup. The <centricon -10's were spun for 20 mins
at 3000g. The water passed through the membrane into the
filtrate cup. All molecules, molecular weight, less than
10,000 enter the filtrate cup, while molecules larger
than 10,000 stay in the sample reservoir. The cup was
removed and the water discarded, the filtrate cup was
then replaced and the process repeated twice more using
pure water. ©On the third centrifugation the 1 cm?® of
water was taken for hydrolysis i.e. a sizing procedural
blank. 1l emd of 0.22 um filtered sea water was then
centrifuged as described above and subsequently

hydrolysed using the evacuated sealed tube method.

4.3. Sizing Procedural Blanks.

Sizing procedural blanks (SPB) were run to monitor
the 1levels of contamination introduced during the sizing
process. For the centriflo tubes average SPB's were 0.8

uM while the centricon-10 gave levels of 0.4 uM.

4.4. Treatment Of Results.

Sizing the dissolved combined amino acid fraction by
the two techniques described above will produce data from
which the percentage of the combined amino acids
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;maller than the nominal m.w. cut off of the filter can
be found. To determine this percentage several steps are
necessary ‘and these are outlined below using arbitary
values as an illustration of the data needed and the
calculations used.

The first step is the analysis of the dissolved free
amino acid content of the seawater sample (DFAA) .
Subsequent hydrolysis of the seawater sample followed by
amino acid analysis gives the total amino acid levels
i.e. free plus combined amino acids in the water {TAA}.
Subtraction of the procedural blank for the experiment

gives an adjusted total amino acid level. (TAA').

TAA - PB = adjusted TAA (TAA')

The hydrolysis of the sized fraction gives the TAA levels
less than e.g 25,000 (STAA) again the relevant sized
procedural blank (SPB) is subtracted (STAA') Having
acquired all the relevant data the percentage of combined
amino acids 1less than 25,000 can be calculated: as an

example consider the following, if

DFAA = 0.5 uM
TAA = 2.5 uM
PB = 0.5 uM

Then TAA'= 2.0 uM

Also if,
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STAA = 1.5 uM
SPB = 0.5 uM
Then STAA'= 1.0 uM

Free amino a;ids have a molecular weight of the
order of 100 and will therefore appear in both the STAA’
and TAA' figures. To find the concentracion of combined
amino acids (CAA) only the DFAA levels are subrtraccted
from both sets of figures:

TAA'-DFAA = 2.0-0.5 1.5 uM CAA’

STAA'— DFAA = 1.0-0.5 = 0.5 um SCAA’

% of CAA < 25,000

SCAA'/CAA'x 100 =

0.5/1.5 x 100 = 33 % of CAA < 25,000 m.w.

Thus in this example 33 percent- of the combined amino

acids would have a molecular weight less than 25,000.

4.5. Sizing Bovine Serum Albumin (BSA) To Test The

Retention Of The Centriflec Cones.

Bovine Serum Albumin has a molecular weight of
approximately 67,000 and‘ therefore shouid not pass
through the cetriflo cones with molecular weight cut of€f
of 25,000. This was tested as follows; duplicate samples
of a BSA solution were placed in two centriflo cones as
described for procedural blanks and sea water samples.
The protein solutions were spun and the filcrates
obtained hydrolysed by the evacuated sealed rube
technique. Recovery of amino acids from the prorein in
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the filtrate were 10 and 8 percent. Therefore 90 and 2
percent of the protein was retained wicthin the cones.
This compares well with the amicon company wvalues for
retention for BSA o©¢f >90 percent. The resultcs of the
sizing experiments described above can be found in

Chapter 5 Ccastal Results.

51



CHAPTER 5.

SEASONAL LEVELS AND COMPOSITION OF DISSOLVED FREE AND

DISSOLVED COMBINED AMINO ACIDS IN LOCAL COASTAL WATERS. .

5.1. Introduction.

Before presenting the results of the seasonal survey
of the dissolved combined and dissclved free amino acids
in coastal waters it is necessary- ﬁo consider some
factors relevant to the strategy for collection and
interpretation of environmental data.

In analytical chemistry much emphasis 1is placed on
obtaining a representative sample of the material under
investigation and there are numercus texts which deal
with the methodologies employed for different types of
sample to achieve this result.( Allen et al. 1974, Reid
1981, Béyermann 1984). In the case of a dynamic system
such as the oceans-there is a difficulty in measuring the
levels of micronutrients due to factors such as
patchiness of distribution, water movement, production
or consumption of the analyte, time of the year, time of
day, turbidity, the level of biological activity and the
location. Changes of the sample once collected due to the-
labile nature of dissoclved free amino acids and the
possibility of containment effects etc. is another
difficulty encountered when dealing with environmental
samples. The problems outlined above mean that the
concept of a '"representative sample" cannot be strictly
applied instead the result of an analysis may be best
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amino acids and the relationship between the total amino
acids (free plus combined) and the total dissolved

nitreogen and dissolved organic nitrogen.

4. The percentage amino acid composition of the free and

combined fractions.

5. The molecular size of the dissolved combined amino

acid fraction.

In order to examine the five areas listed above, the
raw data has been converted to graphs, histograms, pie
charts and tables, depending upon which was the most
appreocpriate form of data presentation for the topic under
discussion. Appendix III details the calculations used to
convert the -data to the relevant graphs and charts.

The chapter finishes with a discussion (section 5.9)

of the salient points of the environmental results.

5.3 Results.

The average concentrations and range of the free and
combined acids observed during the sampling period are

given Table 5.1.
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Table. 5.1 The Range, Average Concentrations,
Co-efficient of Variation (CV) and Number of Sanmples
Analysed (n) for the Dissolved Free and Combined Amino
hcids Over the Sampling Period.

Dissolved free Dissolved combined
amino acids . amino acids.
Range. BLD - 9.372 (uM). 0.246 - 6.741 (uM).
Average. 0.403 (uM}. 1.700 (uM).
cv 113 27
n 295 158

BLD= below the limits of detection of the method. See
chapter 2.

Comparison of the results found in this study (Table
5.1), with those of previous workers, can be found in the
discussion section (5.9) at the end of the chapter. The
levels of dissoived combined amino acids found in this
study are approximately 4 times those of the free amino
acids. - Thurman (1986) attributes the difference 1in
levels to the dissolved free amino acids being removed by
microbial activity.

Graphs of the average concentration for total
dissolved free and combined amino acids for each batch of
samples collected over the sampling period are given in
Fig. 5.3 (a+bh).

The graphs of dissolved free and dissclved combined
amino acid concentrations show fluctuations in levels
over the sampling period, which are particularly
noticeable for the free acid fractiocn (Fig. 5.3a).

The variation of each data point is shown

graphically by a vertical line drawn to scale. The
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results for the combined amino acids show much less
variation fCV=27), than those for the free acids
(Cv=113). Futhermore high levels of free acids have less
variability than low levels. From chapter two, it can be
seen that the presicion of the analyticél technique
improves with increasing concentrations. The dissolved
free amino acids vary in 1levels from approximately 1 uM
to below the 1limits of detection. As many of the
dissolved free amino aids levels found in the
environmental samples are very close to the limits of
detection for the analytical method there 1is a large
co-efficient of wvariation for the free amino acid
figures. There is therefore a problem in the
interpretation of <the dissolved free amino acid data in
that the wvariability found for this fraction, is related
to both the analytical technique, as well as to the
behaviour of the free acids in the environment.

A summary of the free and combined acid levels on a

monthly basis can be seen in Fig.5.4 {a+b).

5.3.2 Individual Amino Acid Levels in the Free and

Combined Fraction Over the Sampling Period.

Graphs of the average batch concentration for
individual amino acids over the sampling period can be
seen 1in Fig. 5.5a-5.19a for the free acids and Fig.

5.5b-5.19b for the combined amino acids.
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Three distinc¢t patterns are observed for individual
amino acids in the free fraction. Firstly, those amino
acids which are present over most of the sampling period;
these acids exhibit a seasonal trend having lower levels
between Octcber 1986 and January 1987. Acids showing this
pattern are aspartic, glutamic, serine, alanine and
glycine (Fig. 5.5a, 5.6a, 5.7a, 5.9a and 5.12a).  All
these acids with the exception of glutamic are small
molecules i.e. they have low molecular weights (Doolittle
1985). Andrews and Williams (1971).,. state that 1low
molecular weight compounds yield less energy on
respiration than those of high molecular weight. Bolter
and Dawson (1982) believe that aspartic, glutamic,
serine, glycine and alanine, represent the "left overs”
of bioclogical processes subsequent to release. (The
results for March and April 1986 are based on very few
analyses and are therefore not included in this
discussion. Fig.5.1.).

The second set of free amino acids is only present
at times of high total free amino acid concentrations, in

May, August, September 1986 and March 1987. This pattern

is shown by histidine, threonine, phenylalanine,
arginine, 1leucine and lysine. (Fig.%5.8a, 5.10a, 5.1l1a,
5.16a, 5.17a and 5.19a). All these acids with. the

exception of threcnine are larger molecules. (Doolittle
1985). The low levels of aromatic compounds in the free
fraction were noted by Daumas (1976) and Thurman (1986).
Lastly, some of the amino acids are never found in
seawater samples, these are nmethionine and asparagine.
Daumas {(1976) comments on the absence o¢of sulphur
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containing amino acids from the free spectrum. There are
tWwo possible reasons fof the absence of methionine and
asparagine from the dissolved free amino acid spectrum.
Firstly, Fhey are not present in or are not released from
the phytoplankton cells. Secondly, the acids éré released
but ars rapidly removed from the seawater. Expériments
detailed in chapter 8§, show that both methionine and
asparagine are present in water containing concentrations
of phytoplankton cells.

For the combined amino acid fraction the seascnal
patterns of individual acids are not as pronounced as
those for the free fraction. However, some acids of the
combined fraction have lower levels between October and
January. These acids are aspartate, histidine and

threonine. (Fig. 5.5b, 5.8b and 5.10b).

5.4. Relationship Between Free and Combined Amino Acid

Levels and the Relationship of Total Amino Acid Levels

(free plus combined) to Total Disscolved Nitrogen and

Dissolved Organic Nitrogen.

5.4.1 Relationship of disscolved free amino _acids to

dissolved combined amino acids.

Table 5.2 below lists the wvalues for the monthly
ratio of DCAA/DFAA levels from June 1986 to May 1987.

This data is presented graphically in Fig.5.20.
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Table 5.2 The monthly ratio of dissolved combined amino
acids to dissolved {ree amino acids (data from appendix
1). '

Month DCAA/DFAA
Jun 6
Jul 11
Aug : 15
Sep 4
Oct 34
Nov 21
Dec 36
Jan 22
Feb 27
Mar 2
Apr 34
May 34

From an inspection of table 5.2 and Fig. 5.20 it can
be seen that the ratio of combined to free acids varies
widely over the season. The ratio is higher during times
of low free amino acids 1e§els {( October to January and
April to May). The possible reasons for the change in the

ratio are discussed in section 5.7.

5.4.2. Relationship of Total Dissolved Amino Acids to

Total Dissolved Nitrogen.

Figure 5.2l1a below shows the monthly total disscolved
nitrogen (TDN) levels for a season, redrawn from Butler
et al. {1979). Fig. 5.21b presents graphically the
percentage of total dissolved nitrogen present as total
dissolved amino acids (TAA, free plus combinéﬁ). It can
be seen from Fig. 5.21b that the TDN present as amino

acids ranges from 12 to 32 percent. Nagel & Liemann

{1987) state that approximately 28% of the TDN is present
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as total amino acids (free plus combined)

The figures quoted above, for cthis study, are
however, likely to be an over estimation of the
percentage of the total dissolved nitrogen accountable
for by aminoe acids. This 1is due to the fact that the
figures in Butler et al. (1979) are the average for
station E1, twenty miles ouf in the English channel. TDN
figures for this station are seldom in excess of 12 uM
nitrogen. The coastal waters, analysed in this study, can
have considerably higher values than this. Unfortunately
no measurement of the actual total dissolved nitrogen of

the coastal samples were made.

5.4.3 The Percentage Of Disseclved Organic Nitrogen (DON)

Present As Total Dissolved Amino Acids {Free Plus
Combined) .

The figures for dissolved organic nitrogen (DON)
redrawn from Butler et al. (1979} c¢an be seen in Fig.

5.22a. The data for the percentage of the DON present as
total amino acids, found in this study, over a season is
summarised in Fig. 5.22b. The DON 1levels were not
directly measured. It can be seen from Fig. 5.22b that
the DON present as amino acids ranges from 18 to 65
percent.

The data of monthly averages for dissolved free and

combined acids (June 1986 to May 1987) were correlated
against total dissolved nitrogen, dissolved organic
nitrogen and other environmental factors using 'the
ﬁicrotab statistical package. The results of these
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Fig 5.22a Dissolved Organic Nitrogen In the Waters of
the Western English Channel, (redrawn from Butler et al.
1879).
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'Fig 5.22b The Percentage of Dissolved Organic Nitrogen
Which Can Be Accounted for by Total Dissolved Amino
Acids. June 1986 - May 1987



correlations can be found in the discussion at the end of

this chapter.

5.5. Percentage Composition Data for Individual Dissclved

Free and Dissolved Combined Amino Acids.

The percentage compositions for both dissolved free
and dissolved combined amino acids, on a monthly basis,
have been calculated using data from appendix II and are
given in Fig. 5.23- 5.37. i

The dominant amino acids for the free fraction were
aspartic, glutamic, - serine, glycine and alaﬁine.
Whereas the dominant acids in the combined fraction were
glycine, histidine, aspartic, glutamic, alanine and
valine.

From Fig. 5.27b, it can be seen that the percentage
of glycine, present in the dissolved combined amino acid
fractioﬁ, is high throughout the  year reaching
exceptional levels in December and January {(Maximum
sixty five percent of totoal dissolved combined amino
acids.). The possibility that the chromatographic peak
thought to be glycine could be an artefact produced by
the hydrolysis of seawater samples was investigated.
Control experiments involving co-injection of glycine
with hydrolysed seawater samples and studies of the
percentage recovery of Glycine from Bovine Serum
Albumin, (chapter 3), 1indicate that an artefact was not
present, and that the chromatographic peak genuinely
represented high Glycine levels.

Jorgensen (1968), discusses the adaptation of
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Fig 5.23a Monthly Percentage Composition of Asp. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.23b Monthly Percentage Composition of Asp. in the
DCAA. June 1986 — May 1987.



2048

13-

NovDec JanFeb MarfAprMayJun'I1y'AugSep Oct NovDec JanFeb Mar Apr May’

Fig 5.24a Monthly Percentage Composition of Glu. in the
DFAA, Nov 1985 - May 1987.
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Fig 3.24b Monthlvy Percentage Composition of Gliu. in the
DCAA, June 1986 - May 1987.
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Fig 5.25a Monthly Percentage Composition of Ser. in the
DFAA., Nov 1985 - May 1987.
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Fig 3.25b Monthlvy Percentage Composition of Ser. in the
DCAA, June 1986 - May 1987.
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Fig 5.26a Monthly Percentage Composition of His. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.26b Monthly Percentage Composition of His. in the
DCAA, June 1986 - May 1987.
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Fig 3.27a Monthly Percentage Composition of Gly. in the
DFAA. Nov 1985 - May 1987.
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Fig 5.27b Monthly Percentage Composition of Gly. in the
DCAA. June 1986 - May 1987.
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Fig 5.28a Monthly Percentage Composition of Thr. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.28b Monthly Percentage Composition of Thr. in the
DCAA, June 1986 - May 1987.
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Fig 5.29a Monthly Percentage Composition of Arg. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.29b Monthly Percentage Composition of Arg. in the
DCAA, June 1986 - May 1987.
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Fig 5.30a Monthly Percentage Composition of Ala. in the
DFAA. Nov 1985 - May 1987.

30+

48-

36-

28-

18-

a I ¥ () [ ) 1 )
Jun Jly " Aug Sep Oct "~ MNov Dec Jan "Feb Har fApr May

Fig 5.30b Monthly Percentage Composition of Ala. in the
DCAA., June 1986 — May 1987.
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Fig 5.31a Monthly Percentage Composition of Tyr. in the
DFAA. Nov 1985 - May 1987.
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Fig 3.31b Monthly Percentage Composition of Tyr. in the
DCAA, June 1986 - May 1987.
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Fig 5.32a Monthly Percentage Composition of val. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.32b Monthly Percentage Composition of Val. in the
DCAA, June 1986 - May 1987.
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Fig 5.33a Monthly Percentage Composition of Trp. and
[le. in the DFAA, Nov 1985 - May 1987. ’
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Fig 5.33b Monthly Percentage Composition of Trp. and
[le. In the DCAA, June 1986 - May 1987.
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Fig 5.34a Monthly Percentage Composition of Phe. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.3ab Monthly Percentage Composition of Phe. in the
DCAA., June 1986 - May 1987.
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Fig 5.25a Monthly Percentage Composition of Leu. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.35b Monthly Percentage Composition of Leu. in the
DCAA. June 1986 - May 1987.
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Fig 5.36a Monthly Percentage Composition of Orn. in the

DFAA, Nov 1985 - May 1987,
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Fig 5.36b Monthly Percentage Composition of Orn. in the
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Fig 5.37a Monthly Percentage Composition of Lys. in the
DFAA, Nov 1985 - May 1987.
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Fig 5.37b Monthly Percentage Composition of Lys. in the
DCAA. June 1986 - May 1987.



Skeletonema Costatum to decreases in tamperature. At

lower temperatures the cells increase their enzyme
(protein) 1levels. The cell protein at 7°C being twice
that at 20°C. The increase in glycine, could possibily be
due to a temperature adaptation, or to storage of glycine
to produce ammonia (see section 5.7.5).

Figures 5.23 - 5.37 highlight the fact that several
of the major acids disappeared from the free and/or
combined fractions for short periods of time. These
acids were glutami;, glycine, threonine, and tyrosine.
(Fig. 5.24a, 5.27a, 5.28b, 5.3la & b). These figures also
highlight changes in percentage composition of amino
acids present 1in seawater as the season progressed. The

average percentage amino acid composition for a given

month is shown in a series of pie charts Fig.
5.38-5.56.
There 1s a pronounced seasonal change in the

composition of the dissolved free amino acid fraction.
When the dissolved free amino acid levels are low, e.g.
October 1986 to January 1987 (Fig. 5.49a to 5.52a) and
April to May 1987 (Fig. 5.55a, ©5.56a), fewer amino acids
are present 1in the spectrum. This can be seen by
comparing the pie charts for October to January and April
to May, which contain 6 to 10 acids with that of the free
amino acid fraction in March 1987 (Fig. 5.54a) which has
16 amino acids in the spectrum. Possible reasons for the
increase in the dissolved free amino acid levels with the
concomitant rise in the number of acids present in the
spectrum are discussed at the end of this chapter.

The dissolved combined amino acid fraction has a
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DISSOLVED FREE AMINO ACIDS
NOVEMBER 1985 SAMPLE

Monthly % Composition

GLU
f 29-6%
SER ; T e
14-372 . ASP
- 7%
SR ~___ ALA
: 15-3%
GLY /
33-7%

Fig 5.28 The DFAA Composlition for Nov 1985,



DISSOLVED FREE AMINO ACIDS
DECEMBER 1985 SAMPLE.

Monthly 7% Composition
SER

51-07% \
ASP
- 11-27%
TYR
31%
AN ALA
18-47%
GLY
- 16-37%

Fig 5.39 The DFAA Composition for Dec 1985.



DISSOLVED FREE AMINO ACIDS
JANUARY 1986 SAMPLE

Monthly % Composition

Flg 5.40 The DFAA Composition for Jan 1986.



DISSOLVED FREE AMINO ACIDS
FEBRUARY 1986 SAMPLE

Monthly % Composition

GLU
/ 12-1%
SER ,
38-4% ~
ASP

GLY / L ALA

18:27% 12-1%

Fig 5.41 The DFAA Composition for Feb 1986.






DISSOLVED FREE AMINO ACIDS
APRIL 1986 SAMPLE

Monthly % Composition
GLU

36-4% \
ASP
—— 9.1%
SER
162%
HIS /  ALA
oo : 29-3%

Flg 5.43 The DFAA Composition for Apr 18886.



DISSOLVED FREE AMINO ACIDS
MAY 1986 SAMPLE

Monthly % Composition

SER
29-07% \

>
x
]
\

Fig 5.44 The DFAA Composition for May 1986.



DISSOLVED FREE AMINO ACIDS
JUNE 1986 SAMPLE '

Monthly % Composition

GLU
r 25-8%

ASP
2 Y 137

LEv
10%

SER ~ :
33-0%Z iz

4

VAL
217

> TYR
110%

HIS /
2-1%

ALA
10-37%

ARG .
07

GLY
12-4%

Fig 5.45a The DFAA Composition for Jun 1986.

DISSOLVED COMBINED AMINO ACIDS
JUNE 1986 SAMPLE

Monthly % Composition

SER
HIS - 6-3%

12-67% \

GLU
8-4%

ASP
947

| LEU

———

\ 1-07%
GLY P PHE

41-8% 0-6%

\/ \ VAL
10-5%
TYR

217

ALA
3%

ARG
2%

THR
2:1%

Fig 5.45b The DCAA Composition for Jun [986.



DISSOLVED FREE AMINO ACIDS
JULY 1986 SAMPLE

Monthly % Composition

SER
3377 \

GLJ
8-27

ASP
Y 10-2%

ORN

6-1%

GLY

17-47

THR P

3%

ARG

047

Fig H.46a The DFAA Composition lor Jly 1986.

\ LEU

1-0%

/NS0
5%

VAL
417

TYR
2:0%

ALA

13-37%

DISSOLVED COMBINED AMINO ACIDS

JULY 1986 SAMPLE

Monthly % Composition

HIS
10:47%

X

\

GLY -

2697%

THR

6-3%

GW
/ 12:5%

ASP -
-— 945

ARG

2-17

Fig 5.46h The DCAA Composition for Jly 1986.



DISSOLVED FREE AMINO ACIDS DISSOLVED COMBINED AMINO ACIDS

AUGUST 1986 SAMPLE AUGUST 1986 SAMPLE
Monthly % Composition
HIS
Monthly % Composition 12:3%
SER SER
. GLU oy -
29-9% \ S vz . 3%
2 GLU
61%
___AsP
723 ASP
¥ - 927
Z ORN :
8-2% BRI X TR P A
Gy ____~ Gy _ . 7 3%
17-5% N LEU 44-9% \
< 2% LEU
QRS 0-4%
ARG / \ RRRa \
211% VAL .
3% R : VAL
_ 2%
4-1% . TYR
1-0%
ALA
13:4% ALA
517Z
ARG
0-5%
THR
3z

Fip 5.47a ‘The DFAA Composition for Aug 1986. Fip. 5.47b The DCAA Composition for Aug 1986,




DISSOLVED FREE AMINO ACIDS DISSOLVED COMBINED AMINO ACIDS
SEPTEMBER 1986 SAMPLE SEPTEMBER 1986 SAMPLE

Monthly % Composition Monthly % Composition

SER SER !
32417 \ g4z — [} 5%
GLU .
/ 5-2% .
HIS
a3z~ ASP
: 4 15:6%
ASP
bax — 93
T LYs
» ._ ORN V0%
N 6:2% \
GLY
1762 3 ORN
NN GLY P 31%
l::,' 0'5% 28"%
Ty ———— - ey
- PHE X 10%
0-5% THR !
2% . +2% PHE
VAL 10%
7-3%
1/1S0
TYR 0%
2%
VAL
ALA 4-2%
13-5%
TYR
1-0%
ALA
7-3%
ARG
3%

Fig 5.4%a The DFAA Composition for Sep 1986. Fig 5.48b The DCAA Composition for Sep 1986,




DISSOLVED FREE AMINO ACIDS
OCTOBER 1986 SAMPLE

Monthly 7% Composition

GLU
/ 717

‘ ASP
\ 10-2%
b ORN

2-07%

SER
44-9% ~

VAL
417

F///t 1

TYR
107

GLY /
16:37

ALA
13-3%

THR
1:0%

Fig 5.49a The DFAA Composition Tor Oct 1986.

DISSOLVED COMBINED AMINO ACIDS
OCTOBER 1986 SAMPLE

Monthly % Composition

HIS / 2%
4% \

GLY -

-
) \ LEU
38:3% \ LEw
\ VAL

Fig 5.49b The DCAA Composition for OcL 1986.




DISSOLVED FREE AMINO ACIDS DISSOLVED COMBINED AMINO ACIDS
NOVEMBER 1986 SAMPLE NOVEMBER 1986 SAMPLE

Monthly 7% Composition

Monthly % Composition gf% \ / 2%

GLY , oLy
SER / 917 Pasesel .l 8-4%

0-5%
e a .
42:9% ORN

GLY / S 2:17%

131% ) _ ALA

|I‘ -
-
-
)

Fig 5.50a The DFAA Composition for Nov 1986. Fig 5.50b The DCAA Cowmposition
for Nov 1686. ARG



DISSOLVED FREE AMINO ACIDS DISSOLVED COMBINED AMINO ACIDS
DECEMBER 1986 SAMPLE DECEMBER 1986 SAMPLE

Monthly 7% Composition
Monthly % Composition

HIS
SER B8-1%
35-7% \
SEI;
GLY 417
L 20%
] Gw
o > 7.
A ASP /— 81
7%
ASP
/ 61%
: ORN
GLY g orer I a— '0.2’. | LYS
2"47. 0_47.
/150
' 1% GLY _ - 2 \ LEU
1% VAL N
2-0% ' ' PHE .
0%
TYR
1-0% 1/1S0
0%
ALA
10-27% VAL
4-1%
ALA
3-0%
ARG
0%

Fig 5.51a The DFAA Composition for Dec 1986. Fig 5.51b The DCAA Composition for Dec 1986.



DISSOLVED FREE AMINO ACIDS DISSOLVED COMBINED AMINO ACIDS
JANUARY 1987 SAMPLE JANUARY 1987 SAMPLE

Monthly % Composition

- ' 0-5%
Monthly % Composition
SER SER
44-8% \ - 41%
G R

1-0% GLU
ASP GLY :

/ 5.2% 66:0% ~ . ASP
& —-— LTS R
-"- |°°z ..... \ LYS
3-1%
GLY
1"-32

ALA

9-47

’ LEU LEU
f ~ 1-0% 0-3%
TYR

2% VAL /150
3% 0-5%
VAL

41%

TYR

52%

ALA

417

Fig 5.52a The DFAA Composition for Jan 1987. Flg 5.52b The DCAA Composition ARG

for Jan 1987.



DISSOLVED FREE AMING ACIDS

FEBRUARY 1987 SAMPLE

Monthly % Composition

SER

427% T N\
GLY /
22:9%

I'ig 5.53a The DFAA Composition for Feb 1987.

——t——

GLY
427

ASP
8:3%

ORN

6-3%

\

LEU
1-0%

T/1SO
-$%4

VAL
217%

TYR
3z

ALA
7-3%

ARG
0-57%

THR
1-0%

DISSOLVED COMBINED AMINO ACIDS
FEBRUARY 1987 SAMPLE

Monthly % Composition

SER

HIS l

1% \
Py

GLY
411%

THR f
32%

Fig 5.53b The DCAA Composition

for I'eb 1987,

9-5%

-—_ Gw

n-6%

ASP
ul 8-47

AR O LYS
3-2Z

\ ORN
217
LEU
2:1%
PHE
1%

1/1S0
%

VAL
6-3%

TYR
1117

- ALA
6-37%

ARG

2%



DISSOLVED FREE AMINO ACIDS
MARCH 1987 SAMPLE

Mon*:aly %Z Composition

HIS 32%
2417 N

GLY

28-57% \ ORN

R S \ LEV
e ' \
"\ PHE

3 07%
T1/1S0

‘87

MET

Fig 5.564a T'he DFAA Composition
for Mar 1987.

DISSOLVED COMBINED AMINO ACIDS
MARCH 1987 SAMPLE

Monthly % Composition

SER .
39%
GLy
HS ___ / 18-6%
41% p :
o« n
ASP
)\ -— 8-3%
GLY 2
........ - LYS
33.0% 2%
ORN
- 2%
THR X, LEU
——————— -
3% / \ 52%
ARG PHE
1-0% , 0-8%
ALA 1/1S0
7-2% 1%
VAL
: 9-37%
TYR
01%

Fig 5.54b The DCAA Composition for Mar 1987,



DISSOLVED FREE AMINO ACIDS DISSOLVED COMBINED AMINO ACIDS
APRIL 1987 SAMPLE APRIL 1987 SAMPLE

Monthly % Compaosition
5%
Monthly % Composition
SER
. 5% s / 41%

oLy R — fan
5022 61%

LEU
THR 1-0%
317

PHE

1-0%

T/1S0

3z

VAL

Fig 5.55a The DFAA Composition lor Apr 1987. Fig 5.558h The DCAA Composition
for Apr 1987. ALA

N

———




DISSOLVED FREE AMINO ACIDS
MAY 198/ SAMPLE

Monthly 7% Composition

SER
5452

FFig 5.56a The DFAA Composition for May [987.

DISSOLVED COMBINED AMINO ACIDS
MAY 1987 SAMPLE

Monthly % Composition
HIS SER

8-2% \ / 9-2%
l'il:

GLY - 317
46-1% 2

Fig 5.56b The DCAA Composition for May 1987,



more constant composition with 1less distinct seasonal
trends. However aspartate, histidine and threonine show
a reduction in 1levels, in the combined fraction, from
Qccober 1986 to January 1987.

The fundamental idea of this_.project, which was.
stated in chaﬁter 1, was to determine the levels and
composition of both the dissolved combined and disscolved
free amino acid fractions.The composition of the combined
fraction was expected to remain fairly constant, and £rom
this stable base, comparisons with the éompositién of the
free fraction could be made. Therefore acids present in
the combined but not in the free fraction could be
identified and "disappearence”" values calculated. This
process would identify the acids most likely to be being
used by the biota in the natural environment. The small
seasonal variation of the dissolved combined amino acid
"fraction produces a difficulty in the interpretation of
the "migsing“ acids. For example, histidine 1is present
for most of the time in thé combined but not in the free
fraction. Therefore a "disappearence" value can be
calculated. If however the histidine then disappears from
the combined fraction this will affect the calculation of
the "disappearence" values. Due to the seasonal variation
of some acids in the combined fraction the
"disappearence" values stated in section 5.7.4. can only

be tentative.

74



5.6. Sizing The Dissolved Amino Acid Containing

Macromolecule.

The results of the sizing experiments, carried out
using the centriflo cones and centricon-10
micreoconcentrators detailed in Chapter 4, ara shown

overleaf in table 5.3.
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TABLE 5.3. Sizing of the dissolved amino acid containing
macromolecule.

Date. Sample No. % < 25,000 % ¢ 10,000 m.w.
1.10.86 i 110
Day:336 4 120
8.11.86 4 100
Day:371
13.11.886 9 32
Day:379 10 23
15.1.87 3 70
Day:442 5] 50
21.1.87 1 93

7 119
30.1.87 q 89 51
Day:457 6 56 33
12.2.87 1 36 lée
Day:470 4 24
26.2.87 1 25
Day:484 4 60
5.3.87 1 io9o
Day:491 4 40
12.3.87 (] 108
Day:498 7 108
19.3.87 1 35
Day:505 4 784
1.4.87 1 ' 84
Day:518 3 35
7.4.87 1 84
Day:532
23.4.87 1 95
Day:540 2 119
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The average value of material with a molecular
weight less than 25,000 was 72 percent. Whi}e the average
value of material less than 10,000 molecular weight was
63 percent.

In ngarly all the molecular weight cut off
experiments, twe samples of a batch were sized. Only in
one sizing experiment, on the 5.3.87, when a small bloom
was present, was there a large difference between the
percentage of the material 1less than 25,000 i.e. 40 and

109 percent. It is interesting to note that a similar

phenomenon was found, in bloom conditions, for
phosphatase cut off experiments. (Personal communication
E.I. Butler). In twelve of the nineteen sizing

experiments at molecular weight cut off 25,000, over
fifty percent of the macromolecular material was less
than the cut off value. In six of the ten samples sized
at 10,000, again, over fifry percent of the
macromoiecular species were below the nominal wvalue.

The results of the sizing experiments indicate that
the macromolecular species sized 1in this study are
relatively small molecules generally having less than 250
amino acids in their composition. The possible reason for
the small size of the macromolecular species is discussed
in section 5.7.

There appears to be no correlation between
molecular size and total dissolved free or combined amino

acid concentrations.
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5.7. Discussion

5.7.1 Introduction.

‘The discussion of the results cf the coastal
analyses has been subdivided into six sections.

First, the 1levels of dissolved combined and
dissolved free amino acids found in this study are
compared to the values determined b§ 'previous workers.
The seasonal levels of the dissoclved combined and
dissolved free amino acids and the ratio of dissolved
free to dissolved combined acids are examined. The idea
that the 1levels and ratios found may reflect two
different processes cccurring during the year is
introduced.

The second section contains a seasonal correlation
of the dissolved free and dissolved combined fractions
with factors such as hours of sunshine, rainfall and
preductivity etc.

Section three considers the compositional
difference between the dissolved combined and dissolwved
free amine acid fraction.

Section four looks at the possible role of serine and
glycine as nutrient sources.

Secticn five attempts to explain how species
succession may be related to the "disappearence" of major
acids from the compositional spectrum.

The final section attempts to explain the small size
of the dissolved combined ahino acid fraction found in
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this study and relates this to composition.

As has Dbeen szen the results presented 1in this
chapter have produced a large number of graphs and for
ease of presentation ;everal of these will be repeated in
the discussion to illustrate salient features of the

analyses.

5.7.2 Examination Of The Total Dissolved Combined And

Dissolved Free Aminc Acid Levels Over A Season.

Comparison of the range of values for dissolved
free amino acids (BLD to 9.372 uM) and dissolved combined
amino acids (0.246 to 6.741 uM) found in this study;
with those of previous workers (Table 5;4), shows that
the dissolved free amino acid range is wider than thart
generally quoted in the literature. The results in this
study have a distribution which is skewed towards low
dissolved free amino acid levels. The problems of
contamination found 1in trace organic analysis 2f this
type already have been discussed in chapter 2 and 3. It
is possible that the occasionally high values reported
e.g. 9.372 may be due to contamination of the sample.
However similar high values have been found in other
studies (Evens 1986) and there is no evidence to support
their removal from the analyses. The average values for
both the dissolved free (0.403 uM) and dissolved combined
amino acids (1.7 uM)-fall well within those queted in the

licerature.
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TABLE 5.4: Amino acid levels from previously published

work. Abbreviations are as follows: Fe(QH)s =
precipitation of organics with ferric hydroxide, -
P.C.=paper chromotography, L.E.=Ligand exchange

chromatography, I.E. Ion exchange chromatography TLC=

Thin layer chromatography. GC=Esterification of a.a. and

separation and identification on a gas chromatograph wich
FID. OPA/MCE/RPLC=The reversed phase liquid

chromatographic method based on the work of Lindroth and

Mopper 1979.

Author Pre- Detection Levels. uM

concentration

method. ~
Tatsumoto et al Fe(OH); P.C. DAA 0.65-0.78
1961 ’
Park et al 1963 Fe(OH)a I.E DAA 0.33
Degens et al I.E. P.C. DFAA 0.16-1.25
1964 DCAA 0.06-0.20 .
Chau & Riley Fe(OH)3 TLC DAA 0.02-0.186
1966
Siegel & Degens L.E. I.E. DFAA 0.38-0.77
1966 DCAA 1.85-2.90
Webb & Wood
1967 L.E. I.E. DAA 0.21-0.77
Hobbie et al.1968 L.E I.E DAA 0.38
Riley & Segar I.E. TLC DFAA 0.045-0.31
1970 DCAA 0.02-1.19
Bohling 1970 I.E I.E DFAA 0.8
Andrew & Williams L.E. I1.E. DFAA 0.2-0.8
i971
Rawahara & Maita I.E. GC DEFAA 0.33-0.92
1971
North 1975 None Fluorescence DAA 0.48-1.31
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TABLE 5.4 Concinued.

Reference pre- Detection Levels (uM).

concentration
Daumas 19786 L.E. I.E. DAA 0.39-2.826
x 0.9-1.2
Josefsson 2t al. DMNone . OPA/MCE DAA 0.09-1.74
1977 Mo separation
Lee & Bada L.E. I.E. DFAA 0.04-0.12
1977 DCAA 0.12-0.48
Dawscon & Pritchard VL.E. I.E. wich DFAA 0.045-+0.84
1878 OPA/MCE bid 0.25
post column DCAA 4.238-8.05
fluorescence
Garrasi et al I.E. with DFAA 0.187-0.497
1979 None OPA/MCE DCAA 0.327-2.289
post c¢olumn
fluorescence
Bolter & Dawson None OPA/MCE/RPLC DFAA 1.067
1982 DCAA 4.534
Ittekkot 1982 None I.E. with DFAA 0.1-0.85
OPA/MCE
post column
fluorescence
Mopper & Lindroth None OPA/MCE/RPLC DFAA 0.03-0.4
1982
Laane 1983 Nene Fluorescence DFAA 0.066-1.53
(fluorescamine)
Poulet et al None OPA/MCE/RPLC DFAA 0.169-0.347
1984

e ——— A WU b e - ————— T ————————— —————— - — - = = = =

Jorgenson &
Sondergaard 1984 None OPA/MCE/RPLC DFAA 0.155-0.72

- ————— —————— - ————————— - —————————— . i i e R o -  —— ————

Braven et al
1984 None OPA/MCE/RPLC DFAA 1.4-3.7

- ———— e o ————— i ——— ———— —————————— —————
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Table 5.4 Continued.

Reference pre- Detection Levels (uM).
concentration

Henrichs 1985 None OPA/MCE/RPLC DFAA 0.011-0.135

Eberlein et al None OPA/MCE/RPLC DFAA 0.1-1.2

1985

Liebezeit 1985 None OPA/MCE/RPLC DFAA 0.846-2.014
x 1.3 (n=95)
DFAA 0.822-1.067
pe 0.927 (n=3)

Hammer & Kattner None OPA/MCE/RPLC DFAA BLD-0.3

1986

Furham & Ferguson None CPA/MCE/RPLC DFAA BLD-5x10-14

1986

Williams & Poulet None OPA/MCE/RPLC DFAA 0.024-1.689

1986
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The sampling period covered November 1985 to May-
1987. Dﬁring the bloom period for phytoplankton of 1986
{March to May) not many samples were collected because
the hydrolysis method development was at a critical
stage. Furthermore, 1987 was an unusual year in that

there was a small phytoplankton bloom in March, but no

iarge blooms in April or May. Therefore, this study does
not include many analyses of samples from bloom
conditions.

The monthly averages for total dissolved free amino
acids (Fig. 5.57) show a gradually increasing level from
May 1986 to September 1986 and a very high level in March
1987. Low levels of free acids were observed from October
1986 to January 1987, i.e. dissolved free amino acid
levels were low in the winter and high in the summer.
This pattern of dissolved free amino acid levels is in
contrast to other nutrients, which are low in the summer
and high during the winter, e.g. nitrate, ammonia and
urea. (Flynn & Butler 1986). The raised free amino acid
levels in the summer/autumn, with lower levels during the
winter months, shows a similar trend to that of dissoclved
organic nitrogen Fig. 5.58. The dissolved free amino acid
spectra for the months with high free amino acid levels,
differ from those with 1low free amino acid levels.
(Fig.5.59). This "difference in both levels and spectra
for the free acids may indicate that there are different
procesess occuring during the winter and summer/autumn
months. This idea is expanded in section 5.7.3.

The ratio of the combined to the free acids for the
monthly figures can bé seen in Fig.5.60. Again, two
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different patterns are observed. In Octeber 1935 =to
Febuary 1987 and April 1987 to May 1987, the ratio of the
combined to the free acids is high (approx.30:l1-see Table
5.2), while in June 1986 toc September 1986 and March 1987
the ratio is low (approx. 10:1). The possible reascns for
these differences are that the dissoclved combined amino
acids are not broken down to free acids in October to
February, April te May; or conversely the breakdown:
occurs but with greater uptake during the winter months.
This disappearence of the dissolved free amino acids
during the winter months may be due to bacterial uptake.
However, Keller et al. (1982) report reduced 1levels of
extracellular release of dissolved organic carbon durin§
the winter period, while Flynn & Butler (1988) suggest
that the reduction in light experienced during the winter
months, may induce the development of microalgal amino
acid uptake systems. The low ratio of combined to free
acids,( June to September 1986 and March 1987), may be
due to lack of vuptake of the free acids, or, to the
production of free acids at a rate greater than their
removal. The production of acids may be due to
excretion/decay of phytoplankton or the sloppy feeding of
zocoplankton. -
Examination of the data, for each batch of analyses,
shows large fluctuations in the dissolved free amino acid
concentrations. (Fig. ©5.8l). To determine if these
fluctuations were due to random variation of the data, or
were statistically significant peaks, the means and
standard deviations of the maxima and minima of =sach
"peak" was tested using the student-t test.(Caswéll
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1982). It was found that the large fluctuations in
dissolved free amino acid 1levels were statistically
significant (5% level}.

Regular <cyvclic oscillations have been depicted In
theoretical studies of population dynamics by Lotka and.
Volterra (Solomon 1969). Using the method of moving
averages (Caswell 1982}, an attempt was made to £it the
fluctuations of dissolved free amino acid 1levels to a
specific time cycle. No regular cycle c¢ould be
determined, possibly due to the éméll and incomplete
nature of the data set.

The increased concentrations of the dissolved free
amino acids may be explained by extracellular release,
change in the usage or breakdown of the dissoclved acids,
terrestrial run off and grazing by zooplankton (sloppy
feeding) . Phytoplankfon have a greater arginine content
than the zooplankton that graze them. The excess arginine
is remerd by the formation and excretion of urea and
ornithine (Flynn & Butler 1986). Therefore the presence
of ornithine has been used as an indicator of zooplankton
activity. Comparison of the total dissolved free amino
acid levels over the sampling period, with those of
ornithine over the same period, indicates that in
general, where the total dissolved free amino acid levels
are high ornithine is preseni. Ornithine dces not occur
in the free amino acid spectrum when the total free acid
levels are 1low. Therefore the ornithine levels may
indicate that grazing is 1linked with high dissolved free
amino acid levels.

Similar peaks in dissolved free amino acid 1levels
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over a season were found by Reller et al. (1982) who
stated that "seasonal peaks in dissoclved free amino acid
levels were not wholly dependent on phytoplankton release
although a clear relationship was evident”. They suggest
that other sources for the 1increase in dissolved free
amino acids may be zooplankton and macroalgae. While
Flynn & Butler (1986) suggest an input of dissolved free
amine acids from invertebrates, as part of their

excretion and osmo-regulation.

5.7.3. Correlation O©Of Dissolved Free And Dissolved

Combined Amino Acids Levels With Environmental Factors.

The monthly figures for dissolved combined and
dissolved free aminc acids from June 1986 to May 1987
were correlated against monthly £figures for primary

productivity (Boalch 1978), dissolved organic nitrogen

(Butler et al 1979), phytoplankton numbers (Maddock et
al. 1981),  hours of sunshine, air temperature, rainfall
and wind speed using a statistical program for

microcomputers called Microtab. The data for primary
productivity, dissolved organic nitrogen and
phytoplankton numbers are from past papers and therefore
are not directly related to data collected in this study.
Meteorological data were taken from the "Metenq"” program
on Plymouth Polytechnic prime computer system. The
meteorological data are for the same month and year as
the dissclved combined and dissolved free amino acid
data.

The results of the correlation of data for June 1986
to May 1987 can be seen in Table 5.5.
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Table 5.5 Correlation on a moncthly basis (June 1986 tco
May 1987) of dissolved combined and dissclved £ree amino
acid levels with environmental factors.

DFAA DCAA Statistically
r r significant at
the stated
percentage level.

DFAA 0.633 (2%)
DCAA 0.633

DON 0.036 -0.117

PRCD -0.151 0.021

SUN -0.009 -0.147

TEMP -0.109 0.336

RAIN -0.176 -0.737 {0.1%)
WIND -0.233 C.266

PHYTO -0.121 0.003

Degree of freedom = 10 To be statisically significant
r > 0.5670 (5%}, r > 0.4973 (10%).

Using the full twelve months data, there are only
two parameters that correlate with the environmental
data, i.e. a positive correlation of the dissoclved
combined with dissolved £free acids, and a negative
correlation of dissolved combined acids with rainfall.
The negative correlation of dissolved combined amino acid
levels with rain is unexpected, since the work of Mopper
& Zika (1987) shows that marine rains tend to be high in
both dissolved free and dissolved combined acids. One
possible reason for this negative correlation 1s cthat
rain washes particulate matter, such as socils and debris,
from the rivers into the coastal waters. The dissolved
combined amino acids present in the water may possibly
become complexed with this material and are lost from the
water column when the particulates settle out. It has
been fo¢und in model studies by Evens et al. (1988}, that

whereas as free dissolvad amine acids are not
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co~precipitated, or removed by ferric hydroxide or rich
mud pafticles -in seawater, dissolved proteins are
completely removed gy both these systems.

Dissclved organic nitrogen levels (Fig 5.62) and
primary productivity (Fig 5.63) both show a pattern of
rising levels in the summer/autumn, followed by a fall
during the winter months. The dissolved free amino acid
data also show this pattern and therefore the correlation
was repeated using dissolved free amino acid data from
June 1986 to Febuary 1987, omitting- spring data. The
results of this second correlation exercise can be seen
in Table 5.6. There are positive correlations Dbetween
dissolved free amino acid 1levels, with both primary
productivity and phytoplankton numbers 1in the summer,
autumn and winter months. During the spring this
relationship appears to break down. There 1is negative
correlation between free amince acids and wind. It is
known that phytoplankton blooms occur in calm weather
conditions and so the negative correlation of wind speed
and phytoplankton numbers would seem to be a realistic

result.
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over much of the area. The salinity range is from 34.2 to

35.4 parts per thousand. ( Braven et al 1984).

5.2, Data Presentation.

Due to the large number -of samples analysed and the
fact that each analysis reports information on up to 19
amino acids, it was felt necessary to report the
individual chemical analysis figures in a - series of
appendices which are. found at the end of this thesis.
Appendix I contains the total dissolved free and combined
amino acid levels per sample and shows how these relate
to total dissoclved nitrogen and dissolved organic
nitrogen. It should be noted that the figures for total
dissolved nitrogen and dissolved organic nitrogen values
were not determined experimentally on the sea water
samples analysed for dissoclved free and dissolved
combinea acids, but are average figures taken from Butler
et al.(1979). Appendix II presents data for the levels of
the individual amino acids in each sample.

The following five categories of results have been

derived from the data in appendices I and II:

1. Seasonal levels for total dissolved combined and total

dissolved free amino acids.

2. 1Individual amino acid levels in the free and combined
fractions.
3. The ratio of dissolved free to dissolved combined
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Fig 5.62 Dissolved Organlc Nitrogen Levels Over
Season, (from Butler et al. 1979).

Carbon fixed under 1 m? (g/day)

Fig 5.63 Mean Carbon Fixation Rates For Each Month,
Expressed As Grams Of Carbon Fixed Per Day.

® Monthly Means For The Period, 1964-74, Excluding
1966. With 95% Confidence Limits. 4 1966 Values.
(from Boalch et al. 1978) '



Table. 5.6. Correlation on a monthly basis (June 1986 to
Febuary 1987) with environmental factors.

DFAA Statistically

r significant at
the stated
percentage level.

DFAA

DCAA 0.046

DON 0.322

PROD 0.603 (10%)
SUN 0.433

TEMP 0.163

RAIN -0.582 (10%)
WIND -0.806 (1 %)
PHYTO 0.852 (0.1%)

Degrees o¢f freedom 7.To be statistically significant
r>0.6640 (5%), r>0.5822 (10%).

The different correlations obtained from the two
data sets (9 months wvs 12 months) may indicate that
different processes are occuring during a season. For
example, during the summer and autumn the dissolved
free aminc acid levels may be related to the presence of
phytoplankton, while in the spring, amino acid levels may
relate to specific environmental or biological factors
not tested in this study. Removal of the 3 months data
for spring, drastically reduces the correlation between
dissolved combined and dissolved free acids i.e. 0.633 to
0.046. This indicates that only in spring is there a
strong relationship between the two amino acid fractions
which may be due to the intense activity of the biota.

One of the central ideas of Lovelocks Gaia
hypothesis (Lovelock 1979) is that systems containing
life are characterised by being maintained in a state of

disequilibrium or "confusion", when compared to inorganic
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{lifeless) systams. The springtime 1is a very dynamic
bioleogically active phase of tﬁé year and it 1is
therefore not surprising that the inclusion of the spring
data, in the <correlation exercise above, leads to a
breakaown in the relationships of the tested paramecers
‘i.e. increased confusion.

There is a problem in undertaking correlations of
the dissolved combined and dissoclved free amino acid data
collected 1in this study, with data from past papers. For
example, the primary productivity figures quoted in the
paper by Boalch et al. (1978) are high in March to May,
but, as mentioned earlier, the March to May period for
1387 showed no major plankton bloom, implying an unusuai
spring season {personal communication E.I.Butler).
Therefore, the correlation discussed above can only be
very tentatibe and further work ' using data from the same
season will be necessary to elucidate the relationship of
dissolved combined and dissolved free amino acids to
environmental and bioclogical factors.

The dissolved combined aminc acid fraction only
shows a significant positive correlation with
dissolved free amino acids and a negative correlation
with rainfall for 1986 to 1987. Using the nine months
data as oppesed to the twelve months does not
dramatically improve the correlation figures as was the
case for the free acids. This may be due to the fact
that dissolved combined amino acids are complex molecules
and the process of production and breakdown may make
these - compounds less related to direct physical
influence.

90



5.7.4 The Comparison Of The Amino Acid Composition Of

Phyvtoplankton With That Found For The Free And Combined

Aacids.

The amino.écid composition of different species of
phytoplankton determined by Minghou et al. (1986} <c¢an be
seen in table 5.7. The phytoplankton have been hydrolysed
and therefore the amino acids reported are both £free and
combined. It should be noted that  the studies of
phytoplankton composition have employed cell cultures.
The particular feeding regime o¢f the culture may affect
the amino acid composition of the phytoplankton.
Therefore the amino acid composition of 1laboratory
cultures may not resemble those of natural populations.
Comparison of total amino acid composition of
phytoplankton, with the composition of the dissolved free
and dissolved combined amino acids, indicates that the
dissolved amino acids found in sea water do not resemble
those of phytoplankton. If however, the amino acid
composition o¢f phytoplankton in both cultures and the
natural environment are similar this suggests that
processes, other than, simple enzymatic hydrolysis of
particulate and dissolved combined amino acids, with the
subsequent release of free amino acids. are occurring in
the environment. The reason for these compositional
differences may be preferential uptake of amino acids
fellowing proteolytic bacterial activity. (Amano et al
1982, Hollibough & Azam 1983). The findings of this
study, are supported by Maurer (1976) who states that the
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Dunu.;icl.’u

Phacoducrytum  ori- 5
Amino Acvid . . simus Maker ot | Nitzschiu sp.
Sormiy (Wille) Hazen Pr-Liver cornatim Bohl ’ sp.
Asp . 1.60. . 127 '. 301 1T .16
Thr . 0.69 : 0.95 1.66 [ .97 202
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Table 5.7 Total Content of Amino Acids in Phytopiankton
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wt.), from Minghou et al.
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higher molecular weight organic compounds de not
resemble their assumed source 1i.e. excretory products,
soluble cell debris =stc. Degens et al. (1964), Sisgel
& Degens (1966), Garrasi et al. (1979), Bolter & Dawson
(1982) all comment on the difference between both the
compositions and the levels of the dissolved combined and
the dissolved free amine acid fraction.

Flynn & Butler (1986) stress that the concentracion:
of a particular compound in seawater need not be
indicative of its use. A nitrogen source with low levels
in the water column supports twe contrasting arguments:
eicther there 1is too 1little of the compound to support
growth, or it it is being rapidly used to support growtﬁ
and therefore does not appear 1in the water column. It is
the flux of a compound through the ecosystem which is of
importance. In the present study, it is possible to
identify amino acids which are present in the combined
form but not as dissolved free amino acids i.e. acids
that have "disappeared“. Table 5.8 gives details of rthe
percentage loss of individual acids between the combined
form (taken as 100%) to the free form, over the sesason.
The calculations used to construct this table can be seen

in appendix III.
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Table 5.8 percentage disappearence of indiwvidual acids
between the dissolved combined and dissclved free amino
acids. (NB3. a wvalue of 100 percent means removad to
below the limits of detection for that acid).

amino Range of Average number of
acid disappearence disappearence batches.
Asp 33-100 78 . 36
Glu 44-100 85 36

Ser 0-100 51 36

His 32-100 97 30
Gly 54-100 90 36

Thr 40-100 91 29
Arg 26-100 90 23

ala 28-100 74 36
Tyr 0-100 67 32
Abu

Val 1-100 89 36
Met .

Trp/Ile 54-100 96 2

Phe 71-1060 97 16

Leu 25-100 37 28

orn 0-100 63 19

Lys 0-100 87 18

Amino acids with "disappearence" values of nineéy
percent or greater are histidine, glycine, threonine,
arginine, tryptophan/isoleucine and phenylalanine.
These disappearences could be due to uptake by algae,
invertebrates or bacteria. Therefore the values obtained
in Table 5.8 were compared to those of Lu & Stephens

(1984) on algal preference (see Table 5.9).
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Table 5.9 Percentage removal of free amino acids by
phytoplankton from Lu & Stephens (1984).

amino percentage
acid removal
Asp 73

Glu 55

Ser 84

Arg 100

Ala 95

Tyr 85

Val 86

Ile 88

Leu 88

Orn 100

Lys 100

The values 1in Tables 5.8 and 5.9 show some

similarities, with low figures for the "disappearence" of

the aclds aspartate and glutamate, and high wvalues for
arginine. No literature on bacterial or invertebrate
preference for free amino acids could be found.

Preliminary work on the uptake of dissolved free amino

acids by phytoplankton can be found in chapter 8.

5.7.5 The Possible Role Of Serine And Glycine In Plant

Nutrition.

In the marine environment flux 1is a two way process
of uptake and production. Examination of the graphs for
serine in the dissolved combined and dissolved free amino
acid fracticons (Fig.5.64) coupled wih the low value for
its disappearence (51%) suggests cthat serine may be
produced as the free acid. This together with the high
levels of glycine in the combined fraction (Fig. 5.65)
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:and the high value for its disappearance (90%) suggests
that the following biochemical pathway known to occur in
plants (Lea et al. 1985) may produce aﬁmonia for use as a
nitrogen source.

2 x glycine —— > serine + ammonia + carbon dioxide.

This would be an interesting area, using cultures, for

further research.

5.7.6. Species Succession.

It has been shown that (section 5.3) the dissolved
free amino acids can be divided into three groups,
depending upon their persistence in the spectrum. Those
present over most of the year were aspartate, glutamate,
glycine and tyrosine. An examination of the graphs of
monthly percentage composition show that even these major
acids ﬁay disappear for shorf periods of time, e.q.
glutamate from the disseolved free fraction for the month
of December 1985 (Fig. ©5.66), glycine from the dissolved
free for January and March 1986 (Fig. 5.67), and tyrosine
from the free fraction for November 1985, January 1986
April 1986 and 1987 and May 1987 (Fig. ©5.68). Any
phytoplankton species that could utilize these sources of
energy and/or nitrogen would have a competitive -
advantage, and the disappearance of these major acids
may be linked to species succession. Again, this is an

area for further work.
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5.7.7. Size Of The Dissolved Combined Amino Acid Containiag

Macromoclecule.

The results of the sizing experiments carried out
during the course of <this study indicate that the
macromolecular species are of a smali size, 72% having a
molecular weight 1less than 25,000 (250 amino acids) and:-
63% having a molecular weight less than 10,000 (~100
amino acids in 1length). Table §.10 gives the results
obtained by previous workers who have sized the dissclvad
organic matter, rather than simply the dissolved combined
fraction. Table 5.10 indicates that the majority of thé
dissolved organic macter, of which the dissolved combined

amino acids are a part, is of a small size.

Table 5.10. The results, obtained by previous workers,

for the sizing of the dissolved organic material (DOM).

Author Size of DOM.
Wiebe & Smith (1977). 95% < 3,500 d
Lancelot. (1984). 14 to 48% < 500 d

25 to 40% 500 to 5,000 4
26 to 57% > 5,000 4

Carlson et al. (1985) 59% < 10,000 mw
34% > 10,000 mw
6% > 30,000 mw
1% > 700,000 mw
Suzuki & Sugiwara (1985). 45% 1,500 to 30,000 mw.

The total amino acid composition of phytoplankton
shows high levels of the basic acids arginine and lysine

{Minghou et al 1986). Both the dissolved combined and
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dissolved free_ amino acid £fractiocns are low in those
acids. Also, the macromolecular species, sized as part of
this study, has been found to bg small. These
opsarvations may be due to the fact that the largs
macromolecules derived from the phytoplankton undergo a
"snipping"  process, e.g. by an arginase enzyme,
{Crawford et al 1974) to preferentially remove that amineo
acid resulting in smaller molecules, containing fewer
basic amino acids.

In general the glycine content of the sized fraction
was observed to be less than the glycine content of the
original wunsized DCAA fraction. This may indicate the
presence of a larger macromolecular species, consisting
of predominantly glycine. The reasons for this are not
understood. However, Liebezeit et al. (1985) states that
high glycine 1levels indicate a material of a refractory

nature.



CHAPTER 6.

LEVELS AND COMPOSITION OF - THE DISSOLVED FREE AND

DISSQLVED COMBINED AMINO ACID FOUND 1IN DEPTH PROFILE

SAMPLES.

6.1 Introduction.

The oceans may be divided into wvertical zones
depending upon such factors as TIight, temperature,
density and nutrient concentrations.

The three vertical zones, relating to the
availability of sunlight as an energy source for primary
productivity, are the photic (euphotic) zone, in which
there is sufficient 1light for photosyhthesis, thé
disphotic zone, which 1is too dim for photosynthesis, -and
the aphotic zone, where there is no light. (Parsons et
al. 1984, Monkhouse and Small 1978 and Darley 1982). The
intensity and wavelength of light 1is dependent upon the
sun's position, the season and the c¢loud cover. 1In the
northern temperate regions, daily illumination reaches a

maximum intensity in May-June, and a minimum intensity in

December-January. (Boney 1975). The depths of the
light =zones change with latitude, season, amount of
suspended material and the 1local terrain. At the

hydrographic station El, twenty two miles ¢ff Plymouth
in the English Channel, the euphotic zone extends to a
depth of approximately 24 teoc 36 m, with an overall depth
from surface to sea bed of 70m.

The seasonal light intensity is c¢losely associated
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with temperature changes. During the periods of increased
sunlight, the surface waters become warmer and less dense
than the coocler deeper waters. Eventually, with
continued warming and calm conditions, the two lay=rs of
water will no longer m'x,‘giving ri;e to two bddies of
water with different temperatures and densities. The area
of sharp temperature change between the two bodies of
water is known as a thermocline. During the summer
months a thermocline develops at station E1 at a depth of
approximately 20 m. Due to this lack of mixing, the two
water masses can diverge in their nutrient content,
especiallf if different processes are occurring in the
water body e.g. in the warmer upper waters, the nitrate
levels can be reduced to below the limits of detection,
while cooler deeper waters do not lose nitrate. (O'Neill
1985).

A study of the dissolved free and dissolved combined
amino acid levels and composition with depth, may sﬁow
differing results for the photic zone, where both
photosynthesis and respiration occur during daylight
hours, and the disphotic and aphectic zones, where only
respiration occurs. Any difference between the results
of the light zones must be attributable to the activity
of the phyto- and photosynthetic bacteriocoplankton.
Furthermore, an investigation of the dissclved combined
and dissolved free amino acid levels may lead to a
clearer understanding of the possible role of free and
combined amino acids as nutrients in water bodies with
low nitrate concentrations.

The depth profile data presented in this chapter
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considered as a "snapshot"” of the concentration of the
analyte in that aliquot of water at the moment of
analysis.

Despite the problem of representative sampling,
outlined above, it has been possible, using numerous -
results obtained over an approximately twelve month
sampling period, to <construct an overall picture of the
levels and spectrum of free and combined amino acids in
local coastal waters.

During this period the sampling -ffequency depended
upon weather conditions and the availability of boats but
for much of the year one batch of samples was cocllected
per week. Each batch comprised between 5 to 10 samples
collected on the same day from different 1localities 1in

the sampling area.{sectien 5.1.2}.

5.1.1. Period of Sampling.

Dissolved free amino acids were sampled from
November 1985 to May 1987 with a total of 295 samples. Of
these samples, 158 were also analysed for dissclved
combined aminec acids during the period June 1986 to May
1987. The number of samples analysed each month can be

seen below in Fig.5.1 (a+b}.

5.1.2. The Sampling Area.

A map of the sampling area is given 1in Fig. 5.2.
(taken from Evens 1986). The average depth ¢of the water
is 50m. During the summer months a thermocline is present
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falls into two groups. Firsctly, those from station E1
taken at intervals during the sampling progrémme:- {Fig.
6.1 to 6.8} and éecondly analyses performed at wvarious
stations (Fig. 5.7) during <the July 19287 cruise on the
RRS Frederick Russell, (Fig. 6.8 to 6.14). Samples taken
during the <cruise were only analysed for free amino
acids, due to the lack of access to a clean working area
and the technical difficulty of sealing tubes in
unstable ship conditions.

The results for the depth préfile analyses are
presented in the form of tables showing individual amino
acids levels and total aminoc acid concentrations. Graphs
of total levels versus depth are included for each set of

analyses.

6.2. Results.

Date: 13.3.86 Dissolved free amino acids (DFAA). (uM).

Station E1. Depth (m)

a.a. 0 5 10 20 35 50 70
Asp =  —o-smsm—e-e-———- 0.124 0.023  -—--==- 0.064 0.017
Glu mmm—m—m————— 0.033 -----—————=-- 0.024 0.020
Ser 0.074 0.051 0.616 0.089 0.051 0.208 0.082
His ======-=—=--—-——————— e ———————————-=—
Gly 0.049 -=---- 0.259  ----- 0.062 0.144 0.033
Thr = -——-—-—-——————— - ———=—e————— 0.039 -----
Arg = ———————e—=-- 0.049  ——=--rmrmmmmemm e
Ala 0.014 0.022 0.258 0.041 0.022 0.089 0.044
Tyr =  —===—-—————= 0.057 ———-=--=me--—— 0.036 -----
Abu  —mommmme s e e — e — e ——————————
val = @ —--mm——————- 0.096  —===-------—= 0.026 -----
Met -———-——————————— e me— e — - ——— - ———
Trp/Ile  -—======—-=-—— 0.045  -------—---mm———me———————-
Phe = = ~—-------ceem et m
Lem  ——--=------- 0.046 ~=-—-------m-——m——— e
Orm = -——————— s emm——— e ————————— o 0.228 -----
Lys R et e

TOTAL (uM) 0.137 0.073 1.583 0.153 0.135 0.859 0.196
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Date: 23.5.86 Dissclved free amino acids. (uM).

Station E1. Depth (m)

a.a. 0 5 - 10 20 35 50 70
Asp 2 -—-—--- 0.022 0.05¢ 0.036 0.0589 0.042 0.119
Glu « ————- 0.027 0.032 0.026 . 0.056 0.042 0.059
Ser  —=--- 0.080 0.207 0.105 0.231 ©.117 0.440
His ===t e m e — - ———————— == 0.164
Gly —-—-—————————- 0.109  =-—-=—-—- 0.221 0©0.124 0.275
Thr =  —-—=—————====- 0.061 ---——-- 0.088 ----—- 0.096
Arg —emmmmmem e e 0.043 --=—————=-—---
Ala -———- 0.049 0.087 0.035 0.104 0.059 0.139
Tyr —=——————————=————— 0.015 0.033 0.044 0.052
Abu 2 -—-—-—-——— e
Val =  —==—-——————- 0.032  ====—- 0.039 0.029 0.066
Met e e e e e e e e e ———————
Trp/Ile —-—————=c=c—sesemr e r - ——————m——————
Phe @ =——————eercmae— e e e e e s s e
Leu ==werm—r——— e e e e
Orn =——m———————————m e ——— - — == ——— 0.304
Lys s ==re—cmmmme e e e m - —

TOTAL(uM) BLD 0.188 0.587 0.217 0.884 0.457 1.714
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Date: 16.7.36 Dissolved free amino acids. (uM).
Station E1l. Depth (m)

a.a. 5 1¢ 20 35 50 70

TOTAL(uM) BLD 0.279 0.154 0.268 0.027 0.060

Date: 16.7.86 Dissclved combined amino acids. (uM).

Statin E1l. Depth (m)

a.a. 5 10 20 35 50
Asp 0.128 0.138 0.119 0.1%4 0.116
Glu , 0.145 0.137 0.161 0.208 0.086
Ser 0.133 --—-——-——————-- 0.068 0.119
His 0.160 0.240 0.066 0.286 --—-——-
Gly 0.388 0.356 0.543 0.538 0.387
Thr ===-- 0.170 0.123 0.143 0.107
Arg = =-=——- 0.049 0.083 0.083 0.059
Ala 0.109 0.172 0.124 0.149 0.102
Tyr 0.018 0.026 0.014 0.036 0.021
Abu = mmmmmmmee—— e — -
val 0.020 -——————=———-- 0.014 -——---
Met = mmmmmme e e
Trp/Ile -—-——————-——————————- 0.089 -——=-
Phe 0.079  ~—mmmmmmmmm— e ————-
Leu 0.070 0,073 ----- 0.074 -—--~
orn il et et bl D L ittt el .
Lys - s

TOTAL (uM) 1.250 1.361 1.223 i.882 0.997
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Date: 27.8.86 Dissolved free amino acids. (uM)
Station E1l. Depth (m).

a.a. 0 10 15

Oorn  ——--=--=----e-- 0.107
Lys = = mmmmm———mm— e

TOTAL(uM)0.093 0.2717 0.415

Date: 27.8.86 Dissolved combined amino acids. (uM).

Station E1. Depth (m).
a.a. 0 10 15
Asp 0.133 0.093 0.198
Glu 0.202 0.163 0.567
Ser = 0——————tme——ea- 0.329
His 0.181 -—=—==—w——m—————-
Gly 0.615 0.194 0.859
Thr 0.1i72 0.122 0.242
Aarg 0 —-—--- 0.088 0.205
Ala 0.057 0.036 0.179
Tyr 0.028 0.028 0.062
Abu = e
vVval, ~ - 0.142
Met ————cc—me———————————
Trp/Ile ------ 0.065 -—-———-
Phe = = ———————e————- 0.076
Leu = —====- 0.048 0.099
Orn = ———-——- 0.128 0.265
Lys =  ——mm—————————— 0.106

TOTAL (uM) 1.388 0.965 3.329
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Date: 7.10.86 Dissolved free amino acids. (uM).

Station El. Depth (m).

a.a 5 10 20 35 50 70

Asp = ====- 0.071 0.032 0.038 0.637 0.088
Glu 0.064 0.089 0.028 —-—-————-————-—-- C.053
Ser 0.i01 0.146 0.142 0.193 0.184 0.499
His  =—-—=—==""————+-—— e m e — = ———
Gly  ~  ————————==-= 0.078 0.140 0.054 0.295
Thr =  ———————— e m e e ——— ==~
Arg = —mmmmmm e e e m—— - — -
Ala  —==-- 0.013 0.041 0.103 0.084 0.166
Tyr 0.032 === ————————————— 0.055
Abu = - e
Val  =—m=——m—— e s e m e 0.042
Met =  ———————————mm——— e —
Trp/Ile e e e e e e =
Phe @ === m e e e s —
Lew —--—-—————e=rmm e m s m s =
Orn oo — e ———— e — 0.176
LYS = —mmmem e e e e — e mm e —mm e m - —

TOTAL (uM) 0.197 0.319 0.319 0.474 0.359% 1.374
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Date: 21.1.87 Dissolved free amino acids (uM).

Station El. Depth (m).

a.a. - 0 5 10 20 35 50 70
ASD 0.029 -—=--- 0.0e8 0.028 -—-—1——- 0.075 0.103
e T et e it 0.016
Ser 0.158 ---—- 0.394 0.165 0.089 0.180 0.477
His = =  ——--eessrrmr e m
Gly 0.177 0.19%1 0.222 --——-—————-———"—-——==—- 0.201
Thr =  —==== === — s — o= —— ===
- ol = [ it e e
Ala 0 0—————=———==- 0.055 0.048 ----- 0.068 0.106
Tyr = —————————==- 0.034 -—-—-——¥--—--—m—m————— -
Abu = memmmmmmm s s e —
val = | —————mm——ae- 0.037 -—-——-=-—-=—-——————- 0.038 0.052
Met =  —-—-=-——mmemm———— s e
Trp/Ile et et e e el
Phe @  —~===r-c———mmm e e e
Lew =-—=-—-—-—-———————— e~ ——
orn = 0 ——————————-—- 0.100 -—————=——mm———-— 0.155
Lys =  mmmemmmmmm— s — = =
TOTAL{(uM) 0.364 0.191 0.910 0.241 0.089 0.362 1.110

Date: 21.1.87 Dissolved combined amino acids. (uM).

Station El. Depth {m).

a.a. 0 5 10

TOTAL{uM) 0.167 0.358 1.260

20 70
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Date: 14.7.87 20.00 hrs. Dissclved free amino acids. (uM)

Station Mi. Cruise July 1987.

Depth (m).

a.a 5 10 20 35 50 70

Asp = -———-- 0.088 0.031 0.387 0.037 --——-
Glu mmmmmemeem——————————eo 0.186 ---——--——----
Ser 0.043 0.36¢ 0.091 2.879 0.173 ----—-
His = =  ===——-—----——— e e
Gly 0.128 0.309 0.221 2.135 0.076 -----
Thr = =  ———m—mmm—mm o 0.241 -——-—---------
Arg 0.164 0.138 0.116 0.326 0.095 =-----
Ala 0.050 0.144 -—--- 1.047 0.078 -----
Tyr = ===== 0.032 -=--- 0.097 ~------——-——-
Abu = e
Val = ----- 0.05% -———- 0.316 —===--———-——-
Met s o
Trp/Ile  --———-———-——————-——-- 0.103 ------——--—-
Phe = = =~--———---e———————- 0.054 --—-------—-
Leu =  —==——m———m——mm—————— 0.100 0.095 =-----
Orn 0.453 0.626 0.552 0.599 0.308 -----
Lys = =  m--m-—m—mmmmo—mm——eeee- 0.460 ---—---—--—--

TOTAL(uM) 0.838 1.765 1.011 18.910 0.862 BLD
Date: 15.7.87 10.00 Hrs. Dissolved free amino acids.
ézglion Ml. -Cruise July 1987.

Depth (m).

a.a. ’ 5 10 20 35 50 70

Tyr  —=——- 0.046 =—-—————==——- 0.035 -----

TOTAL(uM) 0.206 0.961 0.388 0.360 1.670 0.151
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Date: 15.7.87 19.00 Hrs. DFAA Station M1l. Cruise.
{uM} .

Depth (m)

a.a. - 5 10 20 35 50 70
AsSp 0.0438 0.102 ©.083 0.045 0.052 0.2862
Glu s-mmemmmmmm——m—m——— e —e e 0.073
Ser 0.108 0.859 0.239% 0.231 0.328 1.192
His = —-——--———=— e
Gly  -—==- © 0.557 =emrmmemremm————————— 0.164
Thr ———— 0.063 --———-——————m-m———————— -
Arg  =m==- 0.099 --———--——-——m———mmm—————— -
Ala ==mm- 0.297 -—-===——=———-- 0.062 0.372
Tyr  —==== 0.037 -—-==----==————m————- 0.031
abu  ---------------------------———————————-
Val —=——- 0.095 --=--—--—m—mme————- 0.162
Met ---------------—-—--"-—-——-—--—--————--—————---
Trp/Ile B et et
Phe e e e e e e e e m———————————
Leu e e e e e — e — e ——————— -
Oorn = =====- 0.188 ——=——————-—--——---- 0.321
Lys e e e e e — e —————— - =

TOTAL{uM) 0.156 2.297 0.322 0.276 0.482 2.577

Date: 16.7.87 07.00 Hrs. DFAA Station M2. Cruise.
{uM) .
Depth (m}.

a.a. 5 10 20 35 50 70

TOTAL(uM) ©0.131 0.086 0.140 0.055 BLD 0.239
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Date: 16.7.87 20.00 Hrs. DFAA Station DR/87. Cruise
(uM) .

a.a. 5 10 20 35 50 70

Asp  —---- 0.023 ----- 0.066 -—--—--- 0.045
Glu —ommmmm—————s— oo oo - - mr—o—————sm————=
Ser = —---- 0.091 0.075 —=—w==——————- 0.192
His  --——==—----=-———————--——--- T ———m————m—
Gly  —=-—----——esss——————————-o———————= 0.108
Thr  —==——-—————-s—s— s — - oS s s
Arg  —--mmmmmm s s ems o s oo s— s m e
Ala —m-——-—mmmsm——mm———mmsm———— 0.068 ---—-—-
B 4 S e e
Abu - mm oS es oSS — s oo
Val ———mmmmm e s e s e m e m—m
Met =  —-——=---—-m——messssoo—— oo — oo ———e-
Trp/Ile —-——=—=—-————==ss—r— - - oo —————o—————
Phe e e iy

TOTAL{uM) BLD 0.113 0.075 0.066 0.068 0.345

Date: 17.7.87 20.00 Hrs. DFAA Station DR/87. Cruise
(uM) .

Depth (m).
a.a. 5 10 20 35 50 70

Asp = ===-- 0.035 0.047 0.034 ---- 0.093
Glu : 0.062 0.059 -—-------———==—-—- 0.056
Ser 0.074 0.121 0.165 -—-—===m-—--—- 0.332

Orn -~ mmmmmm e e e s m e —— s —— o ——
Lys =  —m————m—————smemsmem— o s o

TOTAL(uM) 0.136 0.289 0.314 0.034 BLD 0.567
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Date: 18.7.87 21.00 Hrs. DFAA Station El1. Cruise
{uM) .
Depth {(m).

a.a. 5 10 20 35 50 70

Lys === =cmmmmmmmm e e
TOTAL{uM) BLD 0.528 0.200 BLD 0.264 0.069

Date: 19.7.87 08.00 Hrs. DFAA Station El. Cruise
(uM) .

Depth (m).
a.a. 5 10 20 a5 50 70
ASp = mmme—eemeee—- 0.053 0.068 =—=—-—=- 0.040

Glu ) 0.045 --——-—- 0.054 0.064 0.052 -----
Ser  —--=-- 0.216 -—-=--- ¢.171 0.099 0.182

Orn = ~—=-------——-e———— oo oo - ————o——-— -
Lys  -=-=-m--m-mmmmmm oo —— e — e m——

TOTAL(uM) 0.045 0.334 0.201 0.396¢ 0.151 0.345
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6.3. Discussion.

The depth profile results show several patterns
which are detailed below. All profiles, with cthe
exception of one taken during bad weather conditions, had
dissolved free amino acid maxima at 2 two depths, and
also showed low dissolved free amino acid 1levels at the-
5m depth. Again, the exception was the profile taken 1in
adverse weather conditions. Previous workers, Ittskkorc
(1982), Mopper & Lindroth (1982), Poulet et al. (1584)
and Liebezeit & Vélimirov {1984) , rebort amino acid
maxima in depth profile samples. The possible reasons fof
the increases and decreases in the dissolved free amino
acid ceontent of seawater have been discussed in Chapter
. .

The profiles which have two maxima, show 69 percent
with one of the peaks for dissolved free amino acid
content, at a depth of 10 m. These raised dissolved free
amino acid levels, may be associated with the chlorophyll
maximum which often occurs at this depth. Unfortunately
there was no chlorophyll data with which to check this
hypothesis. 30'percent of the profiles had a maximum at
35 m which is at the lowest depths to which the photic
zone may extend. 20 percent of profiles had a peak at 50
m and 54 percent had raised dissolved free amino acid-
levels at 70 m, which may be due to the close proximicty
cf the sediments. The increased levels for the dissolved
free acid fraction shows a concomitant rise in the nuxzber
of acids present in the specctra, as was the case fcr
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ccastal surface samples, (Chapter 5). The overall
picture, derived from examination of the depth profiles,
is of a maxima within the photic zcne (10 to 35m),
generally folliowed by & maxima in the aphotic zone, (50
to 70 m).

It is interesting to note that, ornithine occurs in
54 percent of the samples with raisead levels occuring in
the 35 to 70m area, compared with only 23 percsnt of-
samples at the 10 m depth. This increased ornithine
content of the dissolved free fraction with depth, may be
due to greater heterotrophic activity. An increase in all
the basic¢ amino acids with depth, was not found in this
study. This is in contrast to the findings of Mopper §
Lindroth (1982).

In the three profiles analysed for disscolved
combined amino acids, this £fraction is on average 5
times higher than the free acids. The pattern is similar

to that found 1in coastal surface water samples. The

difference 1in levels, between the two fractions, may be
due to use of the free acids, by the biota, as a
nutrient source. A similar pattern, for the composition
of the dissolved combined amino acid fraction in

coastal samples, was found in depth profile studies, with
the combined fraction having many more acids present in
the spectra than the free fraction. Again, the combined
fraction 1is dominated by the presence of glycine.

(chapter 5).
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CHAPTER 7. .

LEVELS AND COMPOSITION OF THE DISSOLVED FREE AMINQ ACIDS

IN THE TAMAR ESTUARY.

7.1 Introduction.

An estuary is defined as the tidal mouth of a river,
where the channel broadens out into a V-shape, within
which the tide ebbs and flows, (Monkﬂoﬁse & Small 1878).
An estuary 1is usually divided 1into three sections; an
upper fluvial (river) area, characterised by fresh water
but subject to tidal action. The middle estuary, where
large scale mixing of fresh water and sea water occurs,
and the lower estuary, in direct connection with the sea.
| The estuary and the sea are very different systems.
This is i1llustrated by the changes in salinity, PpH,
turbidity, ioni¢c and temperature gradients during the
passage of the river to the sea. Fig 7.1 reproduced from
Morris et al. {1982), shows the changes in pH, salinity
and turbidity for the Tamar estuary, which emphasises the
complex nature of estuarine processes.

The turbidity of estuarine waters is due to
suspended particulate material. Morris et al.(1985)
classify the suspended material into three categories.
Firstly, 4inorganic particles derived from erosion and
weathering. Secondly, particles generated by processes
occurring within the water column. Thirdly, biogenic
particles e.g. living biota, dead and decaying remains,
faecal pellets, terrestrial plant debris, industrial and
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domestic Wwaste. The suspendead and sedimentad
particulate macterial will comprise a mixture of these
thfee classes. The lavels of suspended material are
variable with large increases occurring after heavy rain.
({Buctler & Tibbits 1972). Suspendad =matter can greatly
affect light penetration and therefore the depcth of tha
photic zone in estuarine waters. In the Tamar estuary
the turbidity maximum occurs in the reagions with a.
salinity range of approximately 1 to 5 (Evens 1586).

In the Tamar estuary, where the suspended matter can
reach 1levels of aproximately 1,000. mg pser litre, the
surface chemistry between particles and dissolved
constituents is of greart ecolpgical importance. In factf
the concentrations of some dissolved constituents are
controlled by these mechanisms, e.g. phosphorus levels.

The fresh water-salt water interface is the location
of many chemical and physical changes. Morris (1978)
considers this 1interface to be the area where the biota
experience the most severe ionic¢ and osmotic changes and
suggests that these effects would be reflected 1in cthe
amine acid composition 6f these waters compared to other
areas of the estuary. In the Tamar astuary, the fresh
water/salt water interface 1is found in the salinity

region 3 to 13, overlapping the turbidity maximum.

The levels and seasonal variation cof total
dissolved nitrogen, nitrate, nitrite, ammonia and
dissolved organic nitrogen, in the Tamar have been
reported by Butler & Tibbits (1972); most of tha nitrogen

is present as nitrate and nitrite. Heavy rainfall causes
sharp rises in nitrate and nitrite 1levels, while
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dissolved organic nicrogen shows 1little variation.
Butler & Tibbits (loc <¢it) suggest that much of the
dissolved organie¢ matter in the river never reaches the
sea due to precipitation processes.

A dissolved chemical constituent subjected to
complex estuarine conditicns can behave in a number of
ways. The constituent is said to behave conservatively if
the concentration of the chemical is directly related to.
the degreze of mixing betweén the fresh and salt warter.
{Head 1985). Therefore a constituent displaying
conservative behaviour, is suggestive of being
unaffected by any process other than dilution. This
produces a theoretical dilution line for the dissolved‘
chemical constituent. A graphical representation of this
conservative behaviour can be seen in Fig. 7.2. Where a

chemical constituent behaves non-conservatively there

will be deviations above, (for addition), or below, (for
removall), the theoretical dilution 1line (Fig. 7.2}.
HMorris (1985) gives more complex pictures of addition

and/or removal of a constituent during its passage down
the estuary. (Fig. 7.3).

A map showing the Tamar estuary and the two
tributary rivers the R. Lynher and the X. Tavy can be
seen in Fig. 7.4 from Morris et al. (1982), which
emphasizes the complex nature of this estuarine system.

During the present investigation of estuarine
waters, sanmples were collected from the Tamar estuary at -
appreximately 0.5 m depths along the salinity gradient
from 0 to 32. The samples were filtered into plastic
bottles and kept cool in an insulating container on board
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ship until they could be placed in a refrigerator prior

to analysis. All samples were analysed within seven hours

of arrival at the laboratory, {(See chapter 2). Due to the
prcblem of oxidazive losses, occurring during acid
hydrolysis in the presence of high nitrate levels as

outlined in chapter 3, only dissclved free amino acid
analyses were carried out for estuary samples.

The results of the dissolved free amino acid
analyses are presented as tables of individual and total
dissolved free amino acid levels, and graphs of the

total free amino acid levels versus salinity.

7.2 Results.

Date:24.3.86 Dissolved free amino acids. (uM).

Salinity.

a.a. 0 2.5 7 10 15 20 25

Asp 0.037 0.177 0.289 0.126 0.174 0.155 0.047 O

Glu = - 0.065 0.115 0.063 0.078 0.051 0.024 O

Ser 0.388 0.828 1.266 0.490 0.858 0.672 0.156 O

His = —-===-- 0.092 0.199 -———- 0.134 0.069 -————-———-
Gly 0.269 0.533 0.790 0.288 0.597 0.463 0.050 O

Thr 0.080 0.160 0.274 0.067 0.165 0.126 ----—- 0

Arg = ---—- 0.062 0.113 0.023 0.091 0.027 --—-—- 0

Ala 0.123 0.230 0.318 0.153 0.223 0.190 0.066 O

Tyr 0.043 0.074 0.140 0.055 0.090 0.080 0.021 0.
Abu 2 ———————————————rrrrr e,
Vval 0.108 0.360 0.156 0.137 0.215 0.165 0.036 0.
Met --——————--e-—-—------——-"FF—mm—m— e —— =
Trp/Ile - —==-—- 0.097 0.167 -———- 0.083 0.095 —=——-—-———-
Phe = = =-==—=- 0.061 0.099 —————mmmrrr e
Leu 0.033 0.093 0.121 --=-===—=——- 0.073 =—==-—- 0.
Orn 0.188 0.317 0.490 0.189 0.327 0.227 =-=---—- 0.
Lys  =——-- 0.115 0.167 —-=-=-- 0.088 ——==-———omme——————
TOTAL(uM) 1.275 3.264 4.704 1.591 3.121 2.3%93 0.400 1.
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Date: 21.5.86 Dissolved free amino acids.

Salinity.

a.a. 0 3 5 3 12 15 18 25 29
ASp 0.046 0.027 0.048 0.055 0.118 0.055 0.043 0.047 0.114
Glu 0.047 0.019 ---—- 0.027 0.049 0.032 0.037 0.037 0.059
Ser 0.155 0.079 0.088 0.235 0.428 0.215 0.063 0.178 0.314
His ====-——===c--o-em——sme—mmmm b At b
Gly 0.139 ----- 0.084 0.196 0.277 0.209 0.094 0.183 0.327
Thr = -——=-—=====-—-=---= 0.030 ------- B e e 0.049
Arg @ mmmmmmmmmmem—ooe-—e————- 0.038 0.061 ~--------------ommm-
Ala 0.075 0.033 0.060 0.078 0.166 ------------- 0.093 0.146
Tyr —=-==—==—--- ———————— 0.030 0.024 ------------------- 0.02
Abu @ -m—mmmeesmes e e s s s s m s s oo s e
Val z~  —emeemmeee——e-—--- 0.039 0.058 ---------mmmmm——m—- 0.085
N e D
Trp/Ile --=-=--~--w--------mmm—— e m o e mmmmmmm - m o s m -
Phe @ ------—---e----mosesm e mm s m e e e m o m—— oo s ——o——— - -
Leu =====-----eemmmmmm e e e m—m—— oS oe oo
orn = s--=sssssmosmsesseo———oo-o- 0.183 ~—=-emmmmmmmmsesmmms—mmm--e-
Lys =  —--oe s s s s e eSS S Ssss—ssmmme-

TOTAL(uM)0.462 0.158 0.280 0.690 1.341 0.572 0.237 0.538 1.114

Date: 25.6.86 Dissolved free amino acid levels.

Salinity.

a.a 0 3 ) 8 12 25

AsSp 0.070 0.458 0.302 0.161 0.111 0.1i71
Glu 0.042 0.136 0.092 0.057 0.042 0.086
Ser 0.291 2.035 1.119 0.575 0.332 0.738
His =  ===-- 0.228 0.157 -——=—====e—=- 0.107
Gly 0.154 1.038 0.759 0.296 0.196 447
Thr 0.048 0.380 0.269 0.105 0.043 0.141
Arg = --—--- 0.088 -—--—- 0.065 --=== 0.0865
Ala 0.107 0.642 0.372 0.203 0.149 0.255
Tyr 0.044 0.179 0.099 0.064 0.015 0.069
Abu  mmmmmmm e m e -
val, = @ ————=-- 0.383 0.196 0.146 0.046 0.112
Met =  Seemeemreeer e
Trp/Ile --—--- 0.195 0.070 0.033 ~-—-- 0.0867
Phe - —-=-=--- 0.123 0.071 -—-——-——-—metmmm—————
Lew  -—-=---- 0.172 0.094 0.046 ~—-—-- 0.074
Oorn = --=--- 0.504 0.424 0.276 =~=---- 0.207
Lys = =  ===mmm---—---- 0.118 ---------= -

TOTAL{uM) 0.756 6.561 4.142 2.028 0.934 2.539
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Date: 18.9.86. Dissolved free amino acid lewvels.

Salinity.

0. 3 5 12 18 25
———————— 0.026 0.046 ----- (0.052 0.037
~==—=-----0.036 0.071 0.026 --=-- 0.058

0.086 --—=-==------ 0.098 0.114 0.087
———————— 0.056 --—-—-—"=mmm—mm— e
—————————————— 0.044 0.032 0.051 0.04s6
——————————————————————————————————— 0.044
---------------------- 0.100 0.128 ------

i ———————————— = b = = Em = m

TOTAL(uM) 0.086 0.118 0.161 0.256 0.345 0.272

Date: 12.3.87

Salinity.

12 18 25 29
0.039 0.041 0.048 0.046
0.035 0.047 0.054 0.047
0.048 0.132 0.095 0.155
------ 0.097 0.125 0.124
———————————————————— 0.044

- ——— . —— e e e ————————

——— o —————— i ———————

—— i ———— ——————— i ————————

TOTAL(uM) 0.122 0.317 0.320 0.416
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7.3 Discussion.

The dissolved free amino acid levels, found in this
small scale study for the Tamar astuary, are
approximately three times those found for <coastal watars
reported in chapter 5. The dissolved free amino acid
versus salinity profiles depicted in Fig. 7.5 to 7.7
show low levels of dissolved free amino acids in che
upper fluvial arsa of the river, followed by amino acid
maxXxima in the salinity region 3 to 12. There is then a
fall in the levels of amino acids in the mid estuary,.
followed by a small increase in levels at the lower sea—.
ward end of the &estuary. This indicates that dissolved
free amino acids do not behave conservatively in the
estuarine waters of the Tamar. There is an enrichment in’
the area of the fresh water/salt water interface and the
turbidity maximum. This 1is followed by removal of acids
in mid estuary and enrichment in the lower estuary. The
total iron content for Tamar waters can reach levels of 2
mg/1l from the humics and associated iron. Under
laboratory conditions, it is known that iron can remove
some dissolved free amino acids. However, there is little
evidence that this happens 1in the Tamar under natural
conditions. Investigations into the removal of dissolved
free amino acids in natural systems is hampered by the
complex nature of the speciation of iron in the estuarine
waters. (Personal communication E.I.Butler).

Flynn & Butler (1986) conclude that the use of
dissolvaed free amino acids by the phytoplapkton is likely
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to be mosé significant in the absence of photosynthesis
2.g. at night or in areas of high turbidity. It would be
expectad therefore that the area of the turbidity maximum
{salinity 1 to 55 would have 1low dissolved free amino
acid 1levels. However the position is further complicated
by the presence of the fresh water/salt water interface
in the same area as the turbidity maximum. Fig. 7.8 shows
a dissolved free amino acid versus salinity profile taken-
at a time when there was no turbidity maximum present in
the water body. (Personal communication E. I. Butler).
The high dissolved free amino acid levels in the area of
low salinity were absent. This wmay indicate that the
fresh water/salt water interface causes release of
dissolved free amino acids from the particulate materials
in the turbidity maximum as suggested by Morris (1$78).
Examination of the dissolved free amino acid
spectrum shows more acids present in samples: with high
free acid levels. An example of this can be seen in the
percentage composition data for the 25.6.86, (Fig. 7.10).
It can be seen from Fig. 7.10 that samples a and ¢ are
similar in both levels and composition whereas sample b
differs markedly in both 1level and the number of acids
present. These results would seem to suppﬁrt the
suggestion by Morris (1978) that the fresh water/salt
water interface found in the area of the turbidity
maximum would show a different free acid composition from

other areas of the estuary.
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CHAPTER 8.

PRELIMINARY STUDIES OF DISSOLVED FREE AMINO ACID UPTARE

AND RELEASE BY PHYTOPLANKTON.

8.1 Introduction.

The seasonal results for the <¢oastal dissolved free-
amino acid concentrations presented in Chapter 5, show a
number of pronounced increases in the dissolved frase
amino acid 1levels followad by a return to lower
concentrations. Samples with high dissolved free amino
acid values showed a greater number of acids present than
samples with low amino acid levels. The possible causes
of the rise in free amino acid levels with the
concomitant increase in the acid spectrum are:
extracellular release by the boita, sloppy feeding of
zooplankton, cell lysis and decay (Reller et al. 1982
Flynn & Butler 1986). The return to lower dissolved free
amino acid 1levels accompanied by a reduction in the acid
spectrum may be due to uptake by the biota or absorption
onto particles.

A series of experiments was carried out as a
preliminary investigation to determine whether
phytoplankton uptake and release could be responsible
for the increases and decreases in dissolved free amino
acids found in the environmental samples. Much work on
dissolved free amino acid release and uptake has been
carried out wusing laboratory studies of phytoplankton
cultures. As the rise and fall in dissolved free amino
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acid levels found in the environment were from natural
conditions, it was felt that any work on phytoplankton
should be with as natural a population as possible. It
was therefore decided, to uses a skimming technique to
concentrate the phytoplankton occurring naturélly in the
seawater, in order to determine if these populations
exhibited extracellular release. The picture of uptake
and release of organic material by phytoplankton has been
shown to be more complex. In work with cultures, it has
been shown that, a mechanism exists wﬂefeby phytoplankton
store amino acids for use when nitrogen containing
nutrients are at 1low levels. (Personal communication

E.I.Butler, K.J.Flynn}.

8.2 Skimming Experiments.

Phytoplankton were removed from the <coastal waters
using a fine tow net, obtained from the botany department
of the Marine Biological Association of the U.K. (MBA},
the plankton were then placed in approximately 5 cm3 of
sea water 1in a glass wvial. This skimming process
effectively concentrates the phytoplankton. The
phytoplankton sample was then added to approximately
20cm3 of sea water which had previously been analysed for
for dissolved free amino acid content. The 20 cm3 of
seawater was from the MBA research tanks. The
phytoplankton were left 1in the MBA water in a covered
plastic bottle for one hour. After that time 8 cm3 of
water plus plankton were removed from the plastic bottle
using an all glass syringe. A 0.22 um Millex-GV filter
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was attached to the syringe and 1 cm3 of water filtered,
480 ul of which was adalysed for dissolved free amino
acid content. ( The amount of water filtered compared to
that removed was gmall, also, low pressures where
employed during the filtering process to minimize the
pessibility of cell damage);.The amino acid content of
the two samples 1i1.e. seawater only and seawater pius
phytoplankton were compared to determine the effect of
phytoplankton on the dissolved free amino acid levels and
composition of the seawater sample. -

The experiment outlined above was undertaken using

samples of Coscinodiscus, Halosphera and diatoms which

were green and buoyant, these were designated "healthy"
cells. The experimnet was also carried out using cells of -

Halosphera and Coscinodicus which were brown in colour

and were no longer buoyant, these were designated "dead"
cells. The true physiological state of the cells was
however unknown.

It should be noted that any experimentation on
phytoplankton c¢ells may 1lead to c¢ell shock. It is
difficult therefore to interpret whether the results of
an experiment are similar to processes 6ccuring in the
environment or are merely a reflect the experiments

impact on the phytoplankton cells.

8.3 Results.

The results of the skimming experiments are given in
tables 8.1 to 8.8, and detail the c¢hanges in dissolved
free amino acid 1levels between the seawater, and the
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seawater plus phytoplankton, for the identifiable amino
acids. The position of asparagine as a shoulder on the
serine peak was known from the analyses of standard
samples. Howewver, extensive analyses of coastal seawater
samples showed asparagine to be absent from the spectrum,
and it was therefore removed from the standard
calibration mixture. The presence of asparagine (Asﬁ) in
the skimmed phytoplankton samples is, therefore, -
reported without quantification. Also included in tables
8.1 to 8.8. are the retention times of unidentified
dissolved free aminoc acids present in the seawater
containing the phytoplankton. _The peak at approximately
24.6 minutes, corresponding to an unknown compound, wag
seen cccasionally in the results of the analyses of
environmental samples. The other unknown compounds were
only observed in the seawater containing concentrations
of phytoplankton <cells. Figures 8.1 to 8.8 show the
chromatograms of the analyses from which tables 8.1 to

8.8 were derived.
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Table 8.1 The Effect On The Dissolved Free Amino Acid
Laevels Of "Healthy" Coscinodiscus Added To Seawater.
Date: 10.3.87

Amino Amino acids Amino acids Increase Retention
acids in seawater. in seawater in time of
identi- (uM) plus amino unidenci-
fi=d. plankton. acids. fied

: ' (uM) . (uM) . compounds.

{minutes).

Asp 0.062 0.175 0.113 13.33
Glu 0.050 0.162 0.112 24.62
Asn 27.11
Ser 0.312 1.312 1.000
His =<===- 0.312 0.312
Gly 0.188 1.57%5 1.378
Thr = =-=—-—= 0.300 0.300
Arg = --—--- 0.575 0.%575
Ala 0.075 0.850 0.775
Tyr  —-—-—-- 0.188 0.188
Val 0.100 0.562 0.462
Met = ===-- 0.188 0.188
Trp/Ile  -====- 0.500 0.500
Phe  -—---- 0.138 0.138
Lew --—--- G.800 0.800
Oorn 0.125 0.250 0.125
Lys = ----- 0.475 0.475
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Table 8.2. The Effect On Dissolved Free Amino aAcid Levels
Of "Healthy" Coscinodiscus And Halosphera Added To
Seawater. Date: 20.3.87.

Amino Amino acids Amino acids 1Increase Retention
acid in seawater 1in seawater in times
identi- (uM). plus amino of unident-
fied. plankton. acids. fied
(uM) . (uM). compounds.
(mins).
Asp 0.032 0.646 0.614 0.40
Glu 0.038 0.075 0.037 0.55
Ser 0.161 @ mem=—-— e 0.99
Gly 0.¢79 = m===— m———- 1.82
Arg = —--=--- 0.356 0.356 6.06
Ala 0.051 0.074 0.021 14.66
Tyr —-—-—--- 0.862 0.862 18.98
Trp/Ile ----- 0.047 0.047 20.39
Lew  -—-—--- 0.842 0.842 22.34
Lys. = -—-==--- 0.336 0.336 24.63
25.05
25.85
27.08
39.55
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Table 8.3. The Effect On Dissolved Free Amino Acid
Levels Of "Healthy" Halosphera Added To Seawacter.
Date: 25.3.87

Amino Amino acids Amino acids 1Increase Retention
acids in seawater in seawater in time of
identi- (uM). plus amino unidenci-
fied. ' plankton. acids fied

- {uM} . (uM) . compounds.

(minutes).

Asp ) 0.025 0.162 c.137 6.55
Glu 0.325 0.325 12.93
Ser 0.500 C.500 14.63
Gly 1.100 1.100 22.11
Thr 0.287 0.287 24 .46
Arg 0.300 0.300 25.88
Ala 0.625 0.625 26.98
Tyr 0.125 0.125

val 0.225 0.225

Met 0.088 0.088

Trp/Ile 0.225 0.225

Phe 0.125 0.125

Leu 0.225 0.225

Lys 0.275 0

.275
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Table 8.4. The Effect On Dissolved Amine Acid
Levels Of "Healthy" Diatoms Added To Seawater.
Date: 25.3.87
Amino Amino acids Amino acids Increase Retention
acids in seawater in seawater 1in times
identi- (uM). plus amino of unidenci-
fied. plankton. acids. fied

{uM) . {uM) . compounds.

{minutes).

AsSp 0.062 0.200 0.138 6.48
Glu 0.037 0.325 0.288 12.82
Asn 14.22
Ser 0.300 0.775 0.475 21.94
Gly -—-—=-—- 1.487 1.487 24.42
Thr  -—-=--=-- 0.337 0.337 26.95
Arg  —-—-- 0.375 0.375 39.66
Ala 0.112 0.688 0.576
Tyr 0.025 0.150 0.125
Val 0.037 0.225 0.188
Met @ -~-=—-= 0.088 0.088
Trp/Ille ----- 0.250 0.250
Phe = -=---- 0.138 0.1238
Ley =  ~=-=-- 0.250 0.250
Oorn 0.112 0.125 0.013
Lys  -=—--- 0.262 0.262
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Table 8.5. The Effect On Dissolved Free Amino Acid
Levals Of "Healthy" Halosphera Added To Seawater.
Data: 26.3.87 :

Amino Amino ac¢ids Amino acids Increase Retention
acids in seawater in seawater in times
identi- (uM). plus amino of unident-
fied. ; plankton. acids. ified

(uM) . (uM) . compounds .

{minutes) .

Asp 0.200 0.362 0.162 12.85
Glu 0.075 0.475% 0.400 21.09
Ser 1.250 2.675 1.425 24.39
Gly 0.600 2.700 2.100 25.88
Thr 0.138 0.825 0.687 26.97
Arg @ ----- 1.012 1.012 © 39.67
Ala 0.275% 2.800 2.525
Tyr 0.050 0.675 0.625
Val 0.088 1.775 1.687
Met --=-- 0.587 0.587
Trp/Ile ————- 1.250 1.250
Phe @ -=---- 0.600 0.600
Leu 0.038 2.113 2.075
Orn 0.250 0.388 0.138
Lys  -—--- 1.187 1.187
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Table 8.6. The Effect On Dissolved Free Amino Acid
Levels Of "Healthy" Halosphera Added To The Seawater.
Date: 8.4.87

Amino Amino acids Amino.acids Increase Retention
acids in seawatar in seawater 1in times
identi- {(uM). plus -amino of unidenc-
fied. plankton. acids ified

(uM) . (uM) . compounds.

{minutes}.

Asp 0.112 0.112 0.39
Glu 0.0%0 0.212 0.1s62 13.21
Asn 22.18
Ser 0.062 3.375 3.313 24 .54
His 0.975 0.975 25.91
Gly 1.462 1.462 27.05
Thr 1.265 1.265 38.74
Arg 1.387 1.2387 39.66
Ala 3.762 3.762 -

Tyr 0.787 0.787

vVal 2.500 2.500

Met 0.775 0.775

Trp/Ile 2.887 2.887

Phe 0.775 0.775%

Leu 2.500 2.500

Orn 0.125 0.125

Lys 2.875 2.875
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Table 8.7. The Effect On Dissolved Free Amino Acids O£
"Dead" Coscinodiscus Added To Seawater. Date: 10.3.87.

Amino Anino acids’ Amino acids Inc¢rease Retention
acids in seawater 1in seawater 1in times
identi- (uM). plus amino of unident-
fied. plankton. acids. ified

{uM) . {uM) . compounds.

(minutes).

Glu  -————- 0.142 0.142 27.15
Tyr  —-——-——-- 0.051 0.051

Table 8.8. The Effect On Dissolved Free Amino Acids Of
"Dead" Halosphera Added To Seawater. Date: 26.3.87.

Amino Amino acids Amino acids Increase Retention
acids in seawater 1in seawater 1in times
identi~ (uM). plus amino " of unident-
fied. plankton. acids. ified

(uM) . (uM) . compounds.

(minutes) .

Asp 0.041 0.089 0.048 6.39
Glu 0.107 0.034 -—==--- 13.92
Ser 0.109 0.144 0.035 24. 34
Ala  —-—=-- 0.072 0.072 26.81
val = ————— 0.0867 0.067
Trp/Ile -———-= 0.133 0.133
Lew  -====- 0.080 0.080

8.4. Discussion.

The skimming experiments produced several
interesting results. Firstly under the experimental
conditions used there is a radical difference in amino

acid content of water containing "healthy" phytoplankton
cells compared to water containing "dead” phytoplankton.
The large increases in free8 amino acid 1levels were
associated with water containing "healthy" buoyant cells.

The number of amino acids for the samples containing
"healthy"” phytoplankton, were greater than those
observed for dissolved free amino acids measured in

coastal seawater samples at any time of the year. Thus,
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lysine, arginine and phenylalanine were present in the
samples containing phytoplankton, whereas these three
acids were found only infrequently in the environmental
samples. lMethionine and asparagine are present 1in the_
water containing "healthy" phytoplankton, but are not
seen at all in coastal seawater samples. Threonine,
valine, methionine, tryptophan, isoleucine, 1leucine,
lysins and phenylalanine are the eight amino acids
classed as essedtial; this classification being based on
mammalian biochemistry. A similar -list 1is known for
ciliate, insect and bird species (Abercrombie et al.
1980). The term essential means that heterotrophs cannot

produce these acids by modification of other compounds in

the diet and therefore must obtain them from the
environment. These essential acids are present in
significant amounts in the water containing

concentrations of phytoplankton but are absent much of
the time from coastal samples. This may indicate a
preferential usage by marine heterotrophs.

Four of the five samples of seawater plus "healthy"
phytoplankton c¢ontain large amounts of serine, glycine
and alanine. These are low molecular weight,
non-essential acids, with medium carbon to nitrogen
ratios; (glycine,5 alanine,6 and serine,7).The seasonal
study of fre= amino acids in seéwater, conducted as part
of this study, shows these three acids to be major
constituents of the dissoclved free amino acid fraction
throughout the year. Their presence may be explained by
a preferential exXxcretion of these acids by
phjtoplankton.
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The possiblity of uptake of dissolved frese amino
acids by natural populations of phytoplankton were
investigated during <the July 1987 cruise of the RRS
Frederick Russell; the detailed results of these
experiments will be reported elsewhere. Phytoplankton
were isolated by passing seawatar through netting of a
size that allowed only the passage of phytoplankteon and
smaller organisms. The phytoplankton were then kept in-
the dark for twelve hours, after which the batches of
plankton were exposed to different nutrients, including
the three amino acids arginine, histidine and glycine.
These acids were spiked 1into the seawater to produce a
total added amino acid concentration of 2 ug at; N/1.
Added amino acids 1levels were measured before and after
incubation. In one of the four experiments conducted
wich added amino acids, the 1levels were reduced
significantly, the arginine and histidine falling below
the limits of detection of the method. (Chapter 2).

The experiments described above, show the possibilty
that the rise and fall of the dissolved free amino acids

seen in the seasonal results may be due to excretion and

uptake of free amino acids by natural phytoplankton
populations. The role of heterotrophs, particularly
bacteria, 1in the wuptake of organic compounds was not

investigated in these preliminary studies.

Examination of the retention times of unideatified
compounds seen in tables 8.1 to 8.8 show that several of
these unidentified compounds occur in the majority of che
chromatograms e.g. the peak at 12.85 to 12.93 minuces,
one at 24.39 to 24.62 and one at 14.66 to 14.88 minutes.

132



An aﬁtempt was made to ident;fy some of these unknown
compounds, by selecting acids and determining their
retention times, followed by comparisbn with those of the
unidentified compounds in the analyses of the water plus
phytoplankton samples,

Several strategies were used to select amino acids
to be tested as possible candidates for the unknown
compounds. Firstly, compounds related to those acids
which were dominant in the dissolved free fraction, e.g.
Beta-alanine is a decarboxylation product of aspartic
acid, while ethanolamine is a decarboxylation product of
serine. Glutamine is the monoamide of glutamic acid.
Glucosamine is a simple amino sugar
and had been - investigated a4s a possible nutrient
source for the growth of phytoplankton. {(Antia et al.
1975) . Secondly, compounds which are Precussors e.g.

anthraniliec acid which is @ precussor of phenylalanine,

tyrosine and tryptophan. Also S-aminolaevulonic acid
which is a4 precussor of chlorophyll and whose presence
could possibly indicate a. plant source. Thirdly

di-aminopimelic acid has been reported as occuring in
environmental samples. Finally, the work on identifying
unknown compounds provided an opportunity to determine
the retention time of taurine which according to
Jefferies (1969) is a product of the metabolism of
sulphur containing amino acids in animals. This does not
occur in plants or detritus and therefore taurine can be
used as an index of the relative amounts of plant or
animal components. However, Jorgenson (1987), states that
taurine is a product of algal exudation as well aé
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zooplankton excretion. The author alse ascribes the
presence of beta—alanihe and alpha-amino butyric acid to
both bacterial and zooplankton metabolism.

Qf the 8 compounds tested, 4 had similar retention
times to those of the unidentified compounds in the water
plus phyfoplankton chromatograms. These 4 are; glutamine
at approximately 12.9 minutes, Ethanolamine at about 27.2
minutes, taurine at about 24.6 mins and glucosamine which
co-elutes with histidine at approximately 12.0 minutes.
The presence of a peak with a similar retention time to
that of taurine was unexpecfed, the identification of
compounds by co-injection can only be tentative. The only
reliable method of positive identification 1is by high
performance liquid chrematography 1linked to a mass
spectrometer. In discussion with Kratos, a manufacturer
of mass spectrometer systems, there has currently been no
attempt to identify amino acids from the mass spectra of
their drthophthalaldehyde derivatives.

Analysis of the macromolecular fraction, showed
histidine to be a major component of that fraction. The
problem of trying to determine if the peak was in fact
histidine or glucosamine was investigated as follows.
Glucosamine was subjected to the hydrolysis procedure,
and 1t was found to be stable under the conditions
employed in the acid hydrolysis. A sample of glucosamine,
which 1is an amine sugar, was then subjected to 2M
alkali, which caused the degradation of the compound.
Nevertheless, it also introduced the increased likelihood
of contamination. The problem of the coelution of
histidine and glucosamine was discovered very near the
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end of the practical work on this project. Therafore, due
to lack of time, no definitive.nmethod has bean devised to
determine whether the dissolved combined amino acids

contains glucosanmine, histidine or both.
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CHAPTER 9.

CONCLUDING REMARKS.

9.1 A summary Of The Findings Of The Present Study.

The purpose of this chapter is to summarize the
f£indings of the present study. These can be divided into-
two broad areas; the hydrolysis methodology <for <the
determination of the dissolved <c¢ombined amino acid
composition and levels in sszsawater, and the environmencal
results collected over the season.

It should be emphasized that protein hydrclysig
techniques are usually carried out at protein levels of
approxinately 10-3g ml-!. However the lavels of dissolved
compined amino acids in seawater are several orders of
magnitude lower <than this at approximately 10-7g nal-!.
The work on hydrolysis methodologies undertaken in this
project has shown that the method most commonly used to
determine the values for the dissolved <combined amino
acid fractcion i.e. refluxing seawater with 6M
hydrochloric acid at atmospheric pressure produces
inaccurate results due to a combination of degradative
losses and contamination. The method adopted in this

Wwork, which employs a low pressure acid hydrolysis, gives

a

-

1 average recovery, of free amino acids from a protein,

(@]

of 61 percent. The inclusion of both a procedural blark
and an internal sctandard 1in the hydrolysis procedure arsz
essantial if realistic rzsults are to be obtainsd. The

procedural blank monitors contamination levels, while cthe
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internal standard monitors the hydrolysis and analytical
techniques.

The seasonal study of the dissolved combined and
dissolved free amino acids, in coast;l waters, showed the
average levels to be 1.7 and 0.403 uM respectively.
Therefore the dissolved'dombined amino acid levels are
approximatley 4 times those o©of the free fraction. This
difference in levels can be interpreted in another way: -
there 1is a "disappearance or loss" of approximartely 1.3
umeles of nitrogen containing molecules from the combined
to the free fraction. This loss may be explained by the
uptake of parts of the dissolved organic nitrogen by the
marine biota. The uptake of dissoclved frze amino acids by‘
both phytoplankton and hecarcotrophs is well documentad
(Chapter 1).

The dissolved frse amino acids show a seasonal trend
in levels being high in the summer and low in thas winter.
This pattern is similar to —that for dissolved organic
nitrogen, (of which the dissolved combined and dissolved
free amino acids are a part), but contrasts with that of
other nutrients such as nitrate, ammonia and urea. (Flynn
& Butler}. There 1is no such pronounced seasonal pattern
for the dissolved combined fraction. Both the dissolved
free and dissolved combined fractions show fluctuacions
in levels, which are particularly pronounced for the
dissolved free amino acid fresction (Chapter 5). The
increase in dissolved free amino acids levels 1is
accompaniad by an increase in the number of acids presant
in the spectrum. Thres distinct patterns can bz obsesrved
for the dissolved £rse amino acids. Firstly thers ars
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those acids which are present during mest of the sampling
period. These acids algo axhibit a seasonal trend having
lower levels in the winter months. Amino acids showing
this pattern are aspartate, glutamate, serine, alanine
and glycine. All of —these acids, with the exception of
glutamnate, are small molacules (Doolictle 1985).
Sacondly there are acids which are present only at times
of high total dissolved frze amino acid levels, these are-
hiscidine, threonine, phenylalanine, arginir=, leucine,
lysine and ornithine, which are generally larger acids.
Finally theres ares those acids never seen in the seawater
samples @e.g. methionine and aspargine, but which are
present in experiments with phytoplankton (Chapter 8).

The dissolved combined amino acid spectrum is far
more consistent than that of the free fractioen. However,
‘acids that do show a seasonal trend in the dissolved
combined aminoc acid spectrum are aspartate, histidine and
threonine which are lower in the winter months, Ocrtober
to January.

The dominant acids in the free fraction are
aspartate, glutamate, serine, glycine and alanine.
Whereas the dominant acids in the combined fraction are
glycine, histidne, asparctate, glutamate, alanine and
valine.

Comparison of the composition and 1levels of acids
between the combined and the free fraction allows for an
identification of those acids whic¢ch are present in the
combined but not in the fres and a quantification of this
"disappearance or loss". Acids with a "disappearance"
value of 90 percent or greater are histidine, glycine,
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threonine, arginine, tyrosine/isoleucine, and

rhenylalanine. Serine has the 1lowest "disappearance"
value of only 51 percent. These dJdifferences in
"disappearance" wvalue c¢oupled with the "loss" of even

major acids from the dissolved free amino acid fraction
may be linked with utilization of the acids by the biota.

Comparison of the amino acid composition of the free
and combined fractions with that of phytoplankton
cultures shows that both the £free and combined fractions
do not resemble those of the phytoplankton, which must be
their fundamental source. There is therefore no simple
picture occurring in the marine environment of the
breakdown of phytoplankton, followed by release of
dissolved free amino acids. The uptake and release of
acids by the biota produces a more complex picture.

The experiments to discover the size of the
macromolecular species, carried out as part of this
study,.show the macromolecules to be o¢of a small size;
fifty percent of the maﬁerial being less than 250 amino
acids in 1length. The material with a molecular weight
greater than 25,000 appears to ﬁave a high glycine
content.

The investigation of the composition and 1levels of
dissclved free amino acids in the Tamar estuary showed
that these comovounds exhibit non-conservative behaviour.
There was an increase of the dissolved free amino acids
in the area of the fresh water/salt water interface which
overlaps the turbidity maximum. The increase in levels
was accompanied by an increase in the number of acids
present in the compositional spectrum. These findings
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support the suggestion of Morris {1978) that the area of
the fresh water/salt water interface would differ in both
composition and levels from other areas of —the sstuary;
the difference being a result of the osmotic sHock
exXperienced by the biota in that area. '

In conclusion, the results of this study indicate
that in the natural marine environment there is a complex
process of production and breakdown of dissolvad combined-
and dissolved free amino acids. Overall there 1is a
difference of 1.3 umoles of nitrogen containing molecules
between the two fracrtions. The significance of amino
acid uprake compared to that for ammonia or nitrate is
hard to quantify, but in the absence of other nitrogeﬂ
sources it appears likely that some amino acids supply
nitrogen for growth. Therefore the results of the
seasonal study of nitrogen containing macromoclecules in
coastal waters supports the view that nutrient limitation
along classical lines, as explained in chapter 1, is not

valiad.

9.2 Further Work.

Areas of further work are:

1. The hydrolysis technique, to reduce the degradative
losses of free acids in waters with high nitrate lesvels.
Robertson et al. (1987}). suggest the use of ascorbic acid
to reduce these losses; initial work would be to verify
this approach. Once the methodology has been developed an
investigation of the macromolecular nitrogen containing
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spacies in the estuarine environment could be undertaken.
It would be expected that in the estuary the aminoc acids
would play an even more important role than in coastal
waters. Flynn & Butler (1988} stcate that dissolved free
amino acids are more 1likely to be used as a nutrient
source where photosynthesis is limited, for example, in
the dark or in turbid waters. As stated in chapter 7 the
Tamar astuary can have very high turbidity levels and:
therefore the amino acids may be an imporrtant

nuctrient/energy source.

2. The environmental data collected during the course of
this study was correlated with figures for primaryA
-productivity and phytoplankton numbers from past papers.
The correlations can therefore only be tentative. Further
work matching 1levels of dissolved free and dissolved
combined acids with environmental data measured at the
same time will be necessary to determine how these
compounds are related to environmental factors. Further
study 1in this area may also confirm that different parts
of the season are controlled by different factoers or as
the 'Gaia Hypothesis' suggests (Lovelock 1979), che

envirconment is in fact controlled by the biorta.

3. In this study a lisc of acids and their
"disappearance" values has been produced. Further work
with natural populations of phytoplankton on uptaka of
dissolved free amino acids may confirm if those acids
with "disappearance" values greater than 90 percent do
in fact serve as a nutrient source.
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4. The role of heterotrophs i.e. bacteria and zooplankton

in <che uptake and production of dissolved organic
nictrogen.
5. An investigation into the possibility chat cthe

breakdown of glycine in the c¢ombined fraction ' provides

ammonia as a nutrient source.

6. The seasonal change found in the dissolved combined
amine acid fraction merits further work. Does this occur
in other seasons and otﬁer locations? 1If there is a
difference, a study of cw& differing systems can lead t&
an understanding of the processes and factors controlling

those systems.
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APPENDIX I.

The Batch Average For Coastal Waters Collected Over A
Season And How These Relate To DON and TDN.

(DON & TDN Figures Were WNot Directly Measured And Are
Taken From Butler et al. 1979

Date; 27.11.8% Days. 27.

No. DFAA (ulM).
1 0.180
2 0.279
Average Values. T.229
No. of Samples. 2
CV's. 30

Data: 11.12.85 Days. 41

No. DFAA (uM).
1 BLD
Date: 17.12.85 Days.47
No. DFAA (uM).
1 0.121
2 BLD
Average Values. 0.060
No. of Samples. 2
CV's. 141
Date: 23.12.85 Days. 53
No. DFAR (uM)>
1 0.420
Date: 8.1.86 Days. 69
No. DFAA {(uM).
1 0.058

A.l



Date:

No.

Date:

No.

Date:

No.

Date:

No.

Date:
No.

1l
2

21.1.86

23.1.86

28.1.86

1.2.86

18.2.86

Average Value.

No. of Samples.

Cv's.

Date:

No.

1

20.2.86

Days. 82

. DFAA (uM).

0.223

Days. 84
DFAA (uM).

0.199

Days. 89
DFAA (uM).
BLD
Days. 95
DFAA {(uM).
0.101
Days. 110
DFAA (uM).

0.579
0.555

0.567
2

3

Days. 112

DFAA (uM).

0.089



Date: 4.3.86
No.

1

2

Average Value.

No. of Samples.

CV¥'s.

Date: 25.4.86

No. Location.

~ O U

Average Value.

No. of Samples.

CV's.

Days. 124
DFAA (uM).
0.161

0.200

0.180
2

15

Days. 177
DFAA {(uM)

.090
.097
.022
.130
.162
.036
.314

COCO0O0O0O0O

0.121

7

80

A.



Date: 1.5.86 Days. 183

No. Location . DFAA (uM).
1 0.115

2 0.084

3 0.1456

4 0.311

5 0.162

6 0.318

7 0.146
Average Value. 0.181

No. of Samples. )
CV's. 51
Date: 8.5.86 Days. 190
No. Location DFAA {(uM).
1 0.235

2 0.233

3 0.289

4 0.188

5 0.420

6 0.576

7 0,229
Average Value. 0.310
No. of Samples. 7

CV's. 45



Date: 30.5.86 Days. 212

No. Location DFAA (uM).

1 0.085

2 0.217

3 5.200

4 0.416

5 0.171

6 0.379

7 0.126

Average Value. 0.942

No. of Samples; 7

Cv's, 199

Date: 5.6.86. Days. 218

No. Location DFAA DCAA TAA Ratio %TN %DON
(mmm————- ug----> 8.75 7.7

(=== uM ---->

1 E.end BW. 0.226 2.395 2.621 11 30 34

2 Shagstone 0.364 0.585 0.949 2 11 12

3 Mewstone 0.230 -———-~mmmmm e -

4 Yealn 0.153 -~ e

5 B36 A74 BLD ----m——mmmmmmemmm e e

6 B33 A71.5 0.082 -------—mmmme e

7 B30 A69 0.272 -—————=mmmmmm e e -

8 Ad4l1.5 A65 0.09]1 -~-=-—-m——mmmmemm e -

9 A47 A68 0.498 -——-==mm e -

Average Values 0.212 1.49 21 23

No. of samples. 9 2 2 2

CVs 72 86




Date: 12.6.86 Days. 225
No. Location DFAA DCAA TAA Ratioc %TN{uM) %DON (uM)
(mmmmm e uM-------- > (8.5) (7.7)
(—===- UM--=====
1 Melampus B 0.254 1.444 1.698 6 19 22
2 New Grnd.B 0.185 --=--  —-e-- - - -—-
i) ¥. End BW. 1.358 --=-=  —=e--- - -~ -
4 Penlee Pt. 0.167 0.800 0.967 5 11 13
5 Half way
to Rame 0.126 ----—1-  ----- - -- -
6 A2.2 C39 0.153 1.637 1.790 11 20 23
1 Knapp B. 0.145 0.916 1.061 6 12 14
8 A2.35 C41 0.210 --~==  —-e--- - -- --
9 A2.5% C43 0.185 0.633 0.318 3 9 11
Average Values 0.309 1.086 17
No. of Samples 9 5 ' 5 5
CVs 127 40
Date: 2.7.86 Days. 24%
No. Location DFAA DCAA TAA Ratio %TN %DON
(==——=== ug------- > (10.0) (8.8)
{(==——yM----—- )
1 V. end BV. 1.474 1.822 3.298 1 3 38
2 Knapp B. 1.049 -=-=-—- ~—=w—- - -- --
3 Penlee Pt. 0.678 1.159 1.837 2 18 21
4 Half way
to Rame 0.592 ---=- -=--- - -- -
5 Al.8 C39 0.593 1.105 1.698 2 17 19
6 Whitesands 1.018 --~--- -—-—-- - - ~-
7 Whitesands
nr. Wreck 3.527 1.964 5.491 0.6 55 63
8 A2.5 C40 2.270 2.646 4.916 1 49 56
9 Cawsand Bay 0.967 B ittt
Average Values 1.352 1.739 14 39
Neo. of Samples 9 5 5 5
CVs 32 37




Date: 8.7.86 Days. 251
No. Location DFAA DCAA TAA Ratio %TN %DON
(=== uM---====- > (10.0) (8.8)
(====yM-———= >
1 Mallard B. 1.511 1.179 2.690 1 27 i1
2 New Grnd.B. 0.402 ----- = -—==-- - -- -~
3 W.End BW. 0.462 2.198 2.660Q 5 27 30
4 Knapp B. 0.560 --=-- = ~——-- - -- -
5 Penlee B. 0.817 1.687  2.504 2 25 34
6 Melampus B. 0.502 ----- = --—-- - - -
7 A2 C36 1.037 --=---  -——-—- - -- -
8 A2.5 C37.5 0.488 1.995 2.483 4 25 28
12 Cawsand Bay
{middle) 2.239 2.s611 4,850 1 48 55
Average Values. 0.890 1.934 30 34
No. of Samples. 9 5 5 5
CVs 69 30
Date: 15.7.86 Days. 258
No. Location DFAA DCAA TAA Ratio %TN %DON
(======= uM-------- b (10.0) (8.8)
(===-uM-~----
1 Mallard B. 0.197 --=<~-- —=ce-- - - -
2 Melampus B 0.192 1.647 1.839 9 18 21
4 W. End BW. 0.166 -~-=---- -—-=-2 - -- --
) Knapp B. 0.217 -----= —=-e—- - -- -
8 A2.5 C34.5 BLD 1.760 1.760 > 46 18 20
11 E. End B¥. 0.193 1.530 1.723 8 17 20
Average Values. 0.161 1.646 18 20
No. of Samples. 6 3 3 3
CVs 50 7
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Date: 23.7.86 Days. 266
No. Location DFAA DCAA TAA Ratio %TN $DON
(mmmmmm uM~-----—- > (10.0) (8.8)
- (===-uM-----

1 Mallard B. 0.094 2.796 2.890 30 29 33

2 E. End BW. 0.125 2.260 2.385 18 24 27

K| Shagstone. 0.270 ~--==-  ~=--- -- -- --

4 Mewstone. 0.177 2.627 2.804 14 28 32

5 HillSea Pt.0.095 —=~--  -——eno -— - --

6 B34 A72.6 (0.242 }J.654 3.896 15 39 44

7 B30 A70.7 0.08%  -~---- ——— -~ - --

3 Ad44 A66.2 0.105 1.569 1.674 15 17 19

9 A40.6 AB3 0.255  --~=-= ----- - - --

10 A38.5 A61 0.099  --—-- ----- -- - -

Average Values. 0.155 2.581 27 31

No. of Samples. 10 5 5 5

CVs 48 29

Date: 30.7.86 Days. 273

No. Location DFAA DCAA TAA Ratio %TN %DON
e uM---===--- b (10.0) (8.8)

(===~uM---->

1 Mallard B 0.105 1.630 1.735 16 17 20

2 -E.End BVW. 0.146 3.108 3.254 22 33 37

3 Shagstone 1.327 -----  ----- - -- --

4 Tinker B. 0.101 -----  -———-= -- -- -

5 A1 C31  BLD = -----  —---- -- -~ --

6 Al1.4 C34 (Q.056 1.725 1.781 30 18 20

7 Al.7 C37. 0.185  ----=  —mea- - -- --

8 off Rame. 0.493 2.588 3.081 5 31 35

Average Values 0.302 2.263 25 28

No. of Sanmples 8 4 4 4

CVs 145 31
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Date: 6.8.86 Days. 280

00

No. Location DFAA DCAA TAA Ratio %TN %DON
' (m—m———— uf----—=---- ) (12.3) (10.0)
(====yM~---- >
1 Mallard B. 0.420 ©.863 1.283 2 10 13
2 Duke RockB. 0.163 1.420 1.583 9 13 15
3 E.End BW. 0.024 1.594 1.618 66 13 16
4 Shagstone 0.152 1.525 1.677 10 14 17
5 B46.8 B54.6 0.186 ----- @ —=—-- -- - --
8 €30 B54.2 0.406 1.487 1.887 4 15 19
11 Knapp B. 2.326 0.287 2.613 0.1 21 26
Average Values. 0.525 1.196 14 18
No. of Samples. 7 6 6 6
CVs 153 43
Date: 4.9.86 Days. 309
No. Location DFAA DCAA TAA Ratio TN %DON
(=== UM==r———- > (10.3) (6.9)
(~==~uM----»
1 Mallard B. 0.311 5.695 6.006 18 58 87
2 Malampus B 1.352 -=-=--  --=-- - - --
3 B¥. Fort 0.329 -----  -—-——- - - -
4 E.End BW. 2.788 0.827 3.615 0.3 15 52
5 Shagstone 2.004 1.685 3.689 0.8 36 53
6 Mewstone 0.889 -----  ---=- -—- -- --
7 Mouth of
R.Yealnm 0.650 --——=  —=-=- -—= -- --
Al.5 B44.3 1.125 0.601 1.726 0.5 17 25
11 Knapp B. 0.717 1.639 2.35%6 2 22 33
Average Values. 1.129 2.089 34 50
No. of Samples. 9 5 5 5
CVs 72 100
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Days.

Date: 24.9.86 329
No. Locatien DFAA DCAA TAA Ratio %TN %DON
(mmm———e uM------- > (10.3}) (6.9)
(====yM-===-
1 Al18.3 C47 2.376 1.381 3.797 0.6 36 54
2 Al6.5 C45.5 1.738 1.593 3.331 1.1 32 48
4 Al13.5 C43 0.364 J.485 3.849 8 34 51
5 Al2 C41.8 0.766 4.002 4.846 5 47 70
7 A9 C39.3 0.888 1.444 2.332 2 22 34
8 A7.5 C38.2 0.706 1.060 1.766 2 17 26
Average Values. 1.139 2.161 31 47
No. of Samples. 6 6 6 6
CVs 66 58
Date: 1.10.86 Days. 336
No. Location DFAA DCAA TAA Ratio %TN %DON
L e uM--~=---- b (11.0) (6.9)
(===-uM---->
1 Mallard B. 0.042 1.239 1.281 30 12 19
2 Melumpas B.0.287 3.448 3.735 12 34 54
3 New Grnd. 0.346 ----= ==--- - -- --
4 W.End B¥W. 0.321 0.835 1.156 3 11 17
5 Knapp B. 0.939 0.694 1.633 1 15 24
6 C31.4B57.3 0.503 ---—-= ~—=-=- - -- --
7 C33.8B55.8 1.746 ----= -—--- - -- --
8 C34.1 B34 0.187 1.241 1.428 6 13 21
Average Values.0.546 1.491 17 27
No.of Samples. 8 5 5 5
CVs 101 75
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Date: 16.10.86 Days. 351

No. Location DFAA DCAA TAA Ratio %TN %DON

(mmmm——- uM--=----= > (11.0) (6.9)
(—~=--- upd-----
1 Ash B. 0.141 ©.705 0.846 5 8 12
2 Bridge B. 0.062 -----  ----= - - --
3 Queens B. BLD 1.359 1.359 »>36 12 20
4 Penlee Pt.0.028 1.309 1.337 47 12 19
5 Rame H4d. BLD ----- --—-- - -- --
6 Pelawn
Al1.6C39.5 0.037 0.851 0.888 23 8 13
7 A1.5C42.7 BLD --=-=-  --—-- -- - --
3 A2.6C39.6 BLD -==-=  —=--= -- - --
Average Values.(0.034 1.056 10 16
No. of Sanmples. 8 4 - 4 4
CVs 147 31

Date 23.10.86 Days. 358

No. Location DFAA DCAA TAA Ratio %TN %DON

(=== up------- ) (11.0) (6.9)
(=== uM---->

1 Sound BLD 1.690 1.690 44 15 24

2 E.End BW. BLD 6.080 6.080 »>160 55 88

k| Tinker B. 0.083 2.358 2.441 28 22 35

4 Rl B46.7 0.063 3.115 3.178 49 29 46

5 BLD - ---—- - -- -

6 0.023 ----- -——--- - - -~

7 0.126 ----- --=-- - - -—

8 0.304 ~-==— -——--- - -- --
Average Values.0.075 3,311 30 48
No. of Samples. 8 4 4 4
CVs 138 58
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Date: 8.11.86 Days. 371
No. Location DFAA DCAA TAR Ratio %TN %DON
(———————- uM--——--- > (10.5) (5.4)
(=——-- uM=-=--=>
1 Sound. 0.862 0.486 1.348 1 14 26
2 Penlee Pt.0.242 0.784 1.026 3 10 19
] Cff Rame. 0.025 ----- -——-- - - -
4 Rame. ¢.151 1.333 1.484 9 14 27
5 Whitesand 0.11% ----= -—==-- -~ - -
6 Looe 0.067 0.709 0.776 11 7 14
7 A4.7 D38 0.231 1.004 1.235 4 12 23
Average Values.0.242 0.863 11 22
No. of Samples. 7 5 5 5
CVs 117 37
Date: 13.11.86 Days. 379
No. Location DFAA DCARA TAA Ratio %TN %DON
e uf----——-- y (10.5) (5.4)
(===== uM-=-—-

1 A2 B47 0.120 1.249 1.369 10 13 25
2 4 min to

BW. BLD 1.436 1.436 >38 14 26
3 8 min to

BW. 0.052 -—==-- —-e-- - = --
4 12 min to

BW. BLD 1.861 1.861 >49 18 34
5 16 min to

BW. BLD === —ee--- - -- -—
6 20 min to

BW. 0.202 ---== -—----- - -- -
9 Knapp B. 0.189 1.308 1.497 7 14 28
10 W.End BW. 0.070 1.623 1.693 23 16 31
Average Values.0.079 1.495 15 53
No..of Samples. 4 5 5 5
CVs 105 17
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Date: 20.11.86 Days. 386

No. Location DFAA DCAA -~ TAA Ratio %TN %DON

(==s———-uM-------- ) {10.5) (5.4)
(-—=--uM---->
1 Al ¢34 BLD 1.175 1.17% »31 11 22
2 A6.5 €35 BLD 1.315 1.31% »35 13 24
3 A8.5 C38 0.343 0.991 1.334 3 13 25
4 A9 C40 0.25 0.812 1.062 3 10 20
5 All D31 0.35% ----—- ~-=-- - -—- -
Average Values.0.19C 1.073 12 23
No. of Samples. 5 4 4 4
CVs 94 20

Date: 27.11.86 Days. 1393

No. Location DFAA DCAA TAR Ratio %TN %DON

(mmmmm——— uM----- > (16.5) (5.4)
(====uM---=)
1 A3 C317 BLD “1.09 1.09 »29 10 20
2 AS5 C40.5 BLD 2.161 2.1s61 >56 20 40
3 Ad.7 C43 0.044 2.015 2.059 46 20 38
4 A9 C46.5 0.074 1.633 1.707 22 16 32
5 All D32 0.058 0.641 0.699 11 7 13
6 Al2 D35.5 BLD  ----- —=--- -- - --
Average Values.0.029 1.508 ' 15 29
No. of Samples. 6 5 5 5
CVs 114 42
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Date: 10.12.86 Days. 406

No. Location DFAA DCAA TRA Ratio %TN %DON

(mem———- up--=~--- ) (10.0) (4.5)

(==——yM-—==—— >
1 A2.7C41.5 1.766 0.246 2.012 0.1 20 44
2 Ad4.6D33.2 BLD 1.938 1.938 >51 19 43
3 A4.7D36.8 BLD 1.233 1.233 »32 12 27
4 A5.1D40.3 BLD 1.475 1.475 »25 9 21
S A6.5D31.3 0.031 ----- ~—-—- -- -- --
6 A5.5D30 BLD  ----- ---—- -- -- --
10 Knapp B. 0.362 0.922 1.284 2 8 19
Average Values.0.308 1.163 14 31
No. of Samples 7 5 5 5
CVs 213 54

Date: 18.12.86 Days. 414

No. Location DFAA DCAA TAA Ratio %TN %DON
(-—-====- uM------- > (10.0) (4.5)
(==~~uM--—-)
1 A4 C43.5 0.256 =---=  -—--—- -- —— e
2 AS C46.5 0.028 0.976 1.004 36 10 22
3 A5.3C47.2 BLD  m==-=  —m--e- -- —— e
4 A6.1D32.7 BLD 1.894 1.894 »53 19 42
5  A5.5 D36 0.114 ----=  ---—- --- —— e
6  A4.8D35.2 0.241  ~==-m  —--o- --- ——— -
10 Penlee B. BLD 3.367 3.367 >94 35 15
Average Values.0.091 2.076 21 46
No. of Samples. 7 3 3 3
CVs 126 58
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Date: 8.1.87 Days. -435
No. Location DFAA DCAA TAA Ratio %TN %DON
. (=====- uf--~-v--- > (11.6) (4.7)
{-——-——uM----
1 Mount-
Batten 0.035 3.055 3.09 87 26 66
2 Duke Rock 0.344 2.402 2.736 7 23 58
k| Shagstone BLD === —===- - -- -
4 Mewstone BLD 1.223 1.233 >32 11 26
5 Al B42 BLD 0.808 0.808 >21 7 17
6 A0.9B39 BLD 2.474 2.474 265 21 52
7 A0.9B34.5 BLD  -=--= -~--- --- - -
8 A0.85B30. 0.048 ----- ~=--- --- -- -—
Average Values.0.053 1.992 18 43
No. of Sanmples. 8 5 5 5
CVs 223 47
Date: 15.1.87 Days. 442
No. Location DFAA DCAA TAA Ratio %TN %DON
(=mm———- uM-=------ > (11.6) (4.7)
{~===u~----- >
1 E.End BW. 1.202 0.492 1.694 0.4 15 36
2 Shagstone 1.089 1.005 2.094 1 18 45
3 Mewstone 1.276 0.547 1.823 0.4 16 39
6 Knapp B. 0.733 1.264 1.997 2 17 42
8 W.End BW. 0.607 1.189 1.796 2 15 38
10 Malampus 2.460 0.901 3.370 0.4 29 71
Average Values. 1.228 0.901 18 15
No. of Samples. 6 6 6 6
CVs 54 35
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Date: 130.1.87 Days. 457

No. Location DFAA DCAA TAA Ratio %TN %DON
‘ (mmmm———- uM------ > (11.6) (4.7)
(——=-y{-----
1 Shagstone BLD 0.943 0.943 >25 8 20
2 Mewstone BLD ----- ----- --- - ==
3 Al.1B43.3 BLD 1.199 1.199 >32 10 26
4 Al.1 B4l 0.076 0.486 0.562 6 4 12
5 Al B38.6 = BLD 1.117 1.117 »31 10 24
6 Al B36é °~ BLD 1.110 1.110 >29 10 24
7 Al Bl2.6 BLD -----  —-—-- -—- -- -
Average Value. 0.011 0.971 3 21
No. of Samples. 7 5 5 5
CVs 264 3o
Date: 5.2.87 Days. 463
No. Location DFAR DCAA TAA Ratio TN %DON
(-====-- uM------- ) (12.4) (5.5)
(===-uM----- >
1 Malampus 1.456 0.883 2.339 1 19 42
2 New Grnd. 1.423 ---~-- -— - - -
3 W.End BW., 0.270 1.849 2.119 7 17 39
4 Knapp B. 0.317 1.039 1.356 3 11 25
5 Cawsand 0.026 3.861 3.887 148 i N
6 Penlee. 0.500 ----- ----- -—= -= ==
7 2 miles
S.Rame 0.162 =~==-- -—==- -— - -
8 2 miles
S.BY. BLD  --=== ----- --- - --
Average Values.0.519 1.908 20 44
No. of Samples. 8 4 4 4
CVs 114 72
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Date: 12.2.87 Days. 470
No. Location DFAA DCAA  TRA Ratio %TN  %DON
(—=—————= uM------- > {12.4) {5.5)
(=== yM=———- )

1 Mallard B. 0.052 2.788 2.84 54 23 52
2 New Grnd. 0.158 2.001 2.159 13 17 39
3 W.End BW. BLD  ~===-==  ====- - - -
4 Knapp B. BLD 2.004 2.004 >53 16 36
5 Penlee Pt. BLD 2.552 2.552 267 21 46
6 2 miles

S.Rame 0.071 2.005 2.076 28 17 38
7 4 miles

S.Rame BLD -~ -———- ~= -- -
Average Values. 0.04 2.27 I§ 35
No. of Samples. 7 5 5 5
CVs 149 17
Date: 19.2.87 Days. 477
No. Location DFAA DCAA TAA Ratio %TN %DON

(====== uM=----=-- > {12.4) ({5.5)
{-===-uM----- >

10 E. End BV. BLD 1.130 1.13 »30 9 21
9 Tinker B. 0.072 0.678 0.75 9 6 14
8 5 miles

S.Rame 0.745 2.48 3.225 3 26 59
7 Station

L4. BLD 0.906 0.906 »24 7 16
6 Penlee BLD 1.677 1.677 >44 14 30
5 Knapp BLD - === -—= -—— --
4 W.End B¥. 0.062 -----  —===- -— -—— ==
Average Value. 0.125 1.374 12 28
No. of Samples. 7 5 5 5
CVs 218 52
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Date: 26.2.87 Days. 484
No. Location DFAA DCAA TAA Ratio %TN %DON
(o= uM-=--=-==- > (12.4) (5.5)
(==———uM-w=—-= >
1 Mallard B. 0.963 1.586 2.549 3 21 46
2 Melampus 0.825 ----- -——=-- -- -- --
3 New Grnds 1.234 1.075 2.309 2 19 42
4 W.End BW¥. 0.919 1.577 2.496 3 20 45
5 Knapp B. 0.754 6.741 7.495 10 60 136
6 2 miles
S.E-Rame 0.934 8.298 9.232 10 74 168
7 Penlee Pt. 2.094 ----—= -——-=-- - - -——
Average Value. 1.103 3.855 39 —57
No. of Samples. 7 5 5 5
CVs 42 88
Date: 5.3.87 Days. 491
No. Location DFAA DCAA  TAA Ratio %TN %DON
(=== uM---===- > (12.4) (5.9)
(====uM-----
1 Mallard B. 1.487 3.020 4.507 2 36 76
2 MelampusB. 2.624 3.493 6.117 1 49 103
3 “New Grnd. 3.458 3.581 7.093 1 56 119
4 W.End BW. 1.792 4.167 5.959 2 48 101
5 Knapp B. 1.771 2.615 4.1386 1 35 74
6 Penlee Pt., 2.548 ----- ==-—- -- - ---
7 L3. 4,534 ----- -=--- - -——— =—-
Average Value. 2.602 3.375 45 95
No. of Samples. 7 5 5 5
CV's 42 17
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Date: 12.3.87 Days. 498

No. Location DFAA DCAA TAA Ratio %$TN %DON

(-————=-= uM------ ) (12.4) (5.9)
(===-uM--=---- >

9 Melampus B. 0.687 2.023 2.71 3 22 46

8 Knapp B. 0.761 2.184 2.945 3 23 50

7 V. End BW. 1.153 2.609 3.762 2 30 63

6 Barn Pool 0.418 1.835 2.253 4 18 38

5 * 0.320 --=-= ----- - -- --

q * 0,317 ----- ~==-- - -- --

] Saltash * 0.121 ----- ----- -- -- --

Average Value 0.755 2.162 | 21 49

No. of Samples. 4 4 4 4

CV's 40 15

* These samples not used for average DFAA as they are estuarine samples.

Date: 19.3.87 Days. 505

No. Location DFAA DCAA TAA Ratio %TN %DON

(=== uM------- > (12.4) (5.9)

(====uM----- >
1 Mallard B. 2.184 1.497 3.681 1 30 62
2 MelampusB. 1.784 0.751 2.535 0.5 20 43
3 New Grnds. 9.370 ---=-= ----- .-~ - --
4 W End B¥. 0.629 1.551 2.18 2 18 37
5 Knapp B. 1.910 1.778 3.688 1 3o 63
6 Penlee Pt. 1.670 ----- =-==---- --- - --
Average Values 2.924 1.394 25 51
No. of Samples 6 4 4 4
CV's 109 32
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Date: 1.4.87 Days. 518

No. Location DFAA DCAA TAA Ratio %TN %DON
: (=== UM--=-===-- > (10.5) (6.1)
(——==-uyM------ >

1 A9.3 C46 BLD 1.655 1.8655 »>43 16 27
2 A8 C44.5 BLD 1.338 1.338 48 13 22
3 A7 C43.2 0.757 1.660 2.417 2 23 40
4 A6 C41.5 BLD 1.752 1.752 »62 17 29
5 AS C40 0.048 --—--=-———mmmmmmeemee e
Average Values. ¢.161 1.601 17 30
No. of Samples. 5 4 4 4
CV's. 207 11
Date: 15.4.87 Days. 532
No. Location DFRA DCAA TAA Ratio %TN %DON

------- uM---=-=~-=> {10.5) {6.1)

{==-yM----- >
1 New Grnd. BLD --=-——-—-—mmmmmmmme e
2 Al.2 C34 BLD 1.645 13.645 > 96 34 60
] A2.4 Bl6 0.109 1.809 1.915 17 18 31
4 A3.8 C39 0.062 0.896 0.958 14 9 16
5 A5.5 C42 0.148 0.692 0.777 5 8 15
6 A7.5 C45 0.133 -
Average Values. 0.075 1.760 17 31
No. of Samples. 6 4 4 4
CV's. 86 76
A.20



Date: 23.4.87 Days 540
No. Leccation DFAA DCAA TAA Ratio %TN %DON
(== UM-=~——=~ ) {10.5) (6.1)
(===—=-uM---->
1 Draystone. BLD 1.042 1.042 >29 10 17
2 Off Rame. 0.028 1.989 2.017 71 19 33
3 Rame 0.095 1.670 1.765 18 17 3o
4 C41 Bsl 0.097 ¢C.867 0.964 9 9 16
5. C42 B6S 0.083 --=-—-mmmm e
6 C39 B56 0.056 ~-—-—------mme e -
7 C36 BS5OC 0.201 --—-—=-———m e
Average Values. 0.080 1.392 14 24
No. of Samples. 7 4 4 4
CV's. 80 38
Date: 30.4.87 Days. 547
No. Location DFAA  DCAA TAA Ratio %TN %DON
{=mmm——=- uM---=--- > (10.5} (6.1)
(-===yM==-->
1 A3 Cl6 0.027 1.660 1.687 61 16 27
2 Ad C37 0.033 0.852 0.885 26 8 14
3 A5 €38 0.054 2.063 2.117 38 20 35
4 A5 C38 0.048 0.948 0.996 21 10 17
5 A6 C38 BLD - e
Average Values.0.032 1.380 13 23
No. of Samples. 5 4 4 4
CV's. 17 42
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Date: 7.5.87 Days. 554

"No. Location DFAA DCAA TAA Ratio %TN %DON

(m====——= uM--~-----) (10.0) (7.4)
{(=-=—yuM----- >

1 Penlee Pt BLD 1.332 1.332 > 35 13 18

2 Off Rame BLD 1.792 1.792 > 47 18 24

3 Rame. 0.092 1.359 1.451 14 14 19

4 Whitesand 0.027 1.335 1.362 49 13 18

5 Mewstone BLD -

6 Yealnm 0.219 --==—-—memmmm e e

Average Value. 0.056 1.454 14 20

Ne. of Samples. 6 4 4 4

CV's. 154 15

Date: 14.5.87 Days. 561

Ne. Location DFAA DCAA TAA Ratio %TN %DON
(mmmm——- uM---=---- > (10.0) (7.4)

(=-==-yuM----- >

1 ¥ End BW BLD ==~ -

2 Penlee Pt BLD 3J.278 3.278 > 86 33 44

k] Off Rame BLD 1.600 1.600 > 42 16 21

4 Rame BLD 2.213 2.213 > 58 22 3o

5 Whitesand 0.042 -==-—---mmccom e

Average Values. 0.001 2.363 23 31

No. of Samples. S 3 3 3

CV's. 223 36
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Date:

No.

Vb W=

Average Value.

No. of Samples.

CV's.

21.5.87.

Location

B46 B55
C30 B55
C30 B54
C31 BS3
Ci2 BS2

Days. 568
DFAA  DCAA TAA Ratic %TN %DON
———————— u-----==> (10.0) (7.4)
(-—-uM-~-=--- >
0.668 1.432 2.100 2 21 28
0.041 ——mm=mmm oo
0.149 0.773 0.922 5 9 12
0.256 1.228 1.484 5 15 20
0.209 0.816 1.025 4 10 14
0.264 1.062 14 19
5 4 4 4
90 30
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APPENDIX II.

The Data FTor Individual Amino Acid Samples Relating To The
Batch Data Presented In Appendix I.

Date: 27.11.85 Day: 27.
DFAA's

Sample No.
a.a. 1 2
Asp = ----- 0.035
Glu 0.025 0.113
Ser 0.066 —--—-
His = -=-===-=====—
Gly 0.059 0.094
Thr -==-=======--
Arg @ emmmmmmm————-
Ala 0.036 0.0317
Tyr ——--———-==-=-
Abu  ememmmmmeee—-
Val ~— -
Met W -=mmmm---—e—-
Trp/Ile ---=-=-=---—-
Phe = ---mmmmmmeee-
Lew -----m-------
(o] o T LA e bt
Lys —emmm—mm-e——-
TOTAL 0.180 6.279

Date: 11.12.85 Day: 41.
DFAR's.

Sample No.
a.a. 1
Asp -----
Glu -----
Ser -----
His -~-==--
Gly  -----
Thr -=—--
Arg  ~----
Ala we---
Tyr -----
Abu -
vali, ~  -----
Met -----
Trp/Ile -----
Phe = -----
Lew - --==-
orn —----
Lys -----
TOTAL BLD



Date: 17.12.85 Day: 47.

DFAA's.

Sample No.
a.a. 1 2
Asp  —m-mmmmmmmee-
Glu  —mmmme—-ee-
Ser 0.073 -----
His === ======e---
Gly  ---mm-mmmeee-
Thr  -====-——-----
Arg = --mmmmmme-o--
Ala 0.048 ------
Tyr  —mmmmmee—eee-
Abu  -mmeeeeee--
Val =~  mememmm—eeee-
Met  -=-e-e--——---
Trp/Ile -----====<---
Phe  -=-----------
Lew  --m=ee---ee-
Oorn -mmmeemmmmee-
Lys  -----=-oomee-
TOTAL 0.121  BLD

Date: 23.12.85 Day: 53.
DFAA's.

Sample No.
a.a. 1
Asp 0.060
Glu  -----
Ser 0.200
His ~  -=----
Gly 0.090
Thr  -----
Arg -==--
Ala 0.053
Tyr 0.017
Abu  —----
val =~ -----
Met -----
Trp/Ile -----
Phe --———-
Lew --==--
Ootn -----
Lys ==-—-
TOTAL 0.420

B.2



Date: 8.1.86 Day: 69.

DFAA's.

Sample No.
a.a. 1
Asp 0.013
Glu 0.030
Ser 0.015
His = ~===-

Thr -----
Arg ~  -----
Ala -----
Tyr -==--
Abu @ -----
Val =~ ~e-e-
Met -----
Trp/Ile -----
Phe = --——-
Lew = -----
Oorn —===-
Lys -~-=---
TOTAL 0.058

Date: 21.1.86 Day:82.

DFAR’s.
Sample No.

a.a. 1
Asp 0.028
Glu 0.137
Ser 0.058
His ~  -----
Gly -----
Thr  -----
Arg @ --=--
Ala  -=----
Tyr  -=----
Abu = ---—-
Val ~  -----
Met -=---
Trp/Ile -----
Phe = -----
Lew -----
Oorn -----
Lys  ~==---
TOTAL 0.239




Date: 23.1.86 Day:84.
DFAA's.

Sample No.
a.a. 1
Asp 0.137
Glu  -==--
Ser 0.046
His  -==--
Gly  -----
Thr  =-=--
Arg = -——--
Ala 0.015
Tyr  -==--
Abu -
val =~ ===--
Met  -----
Trp/Ile -----
Phe  ----- )
Lew = -=---
Oorn -----
Lys  --—--
TOTAL 0.199

Date: 28.1.86 Day:89.
DFAA's.
Sample No.
a.a. 1
Asp  ------
Glu  ------
Ser  ------
His -=----

Thr  -==-—-
Arg = -=----
Ala  ------
Tyr  ------
Abu  ---e--
val =~ ------
Met  ------
Trp/Ile------
Phe  -==---
Lew  ~--—---
Oorn ------
Lys  ------
TOTAL  BLD




Date: 3.2.86 Day:95.
DFAA's.
Sample No.
a.a. 1
Asp 0.016
Glu 0.048
Ser 0.020
His =  —-===-
Gly  -----
Thr  -—==-
Arg  -----
Ala 0.017
Tyr  -=---
Abu -
val =~ -----
Met ==-=--
Trp/lle -----
Phe = -----
Lew  -----
orn  --——--
Lys  -----
TOTAL 0.101

Date: 18.2.86 Day:110.
DFAA's.

Sample No.

a.a. 1 2

Asp - 0.052 0.062
Glu 0.058 0.035
Ser 0.222 0.200
His ~===eece—eee——-
Gly 0.123 0.113
Thr  --——-—-- ——--
Arg  ---mmmmm————-
Ala 0.082 0.070
Tyr 0.020 0.018
Abu mmmemceae—aao
vVal 0.022 0.05%7
Met = —--mmeeee———-
Trp/lle --—-———==v-==
Phe  -=--———-eew--
Lew —=m—mmmemmmeeo
10) 4 T
Lys  -————————----

TOTAL 0.579  0.555



Date: 20.2.86 Day:112.

DFAA's.
Sample No.

a.a. 1
Asp  --==---
Glu 0.026
Ser 0.063
His  -=----
Gly  -----
Thr  ~=--=-
Arg  -----
Ala  -----
Tyr  -----
Abu  -----
Val =~ -----
Met  -----
Trp/Ile-----
Phe  -----
Lew W -~----
Otn  ~-e—-
Lys  -----
TOTAL 0.089

Date: 4.3.86 Day:124.
DFAR's.

Sample No.
a.a. 1 2
Asp 0.027 -==--

Glu 0.022 0.017
Ser 0.040 0.073
His ~ =—=====--=-—--
Gly -—————-mm---
Thr  ~===——m————
Arg - mmmm———-
Ala 0.060 0.110
Tyr 0.012 -----
Abu o
val  --------e—-
Met  -----ooomeee-
Trp/Ile-------------
Phe - -—-----eeee--
Lew  --~==----e-——-
orn  ------m--e—o-
Lys  -——————=--=--
TOTAL 0.161 0.200

.6



Date:

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

val

Met
Trp/Ile
Phe

Leu

Oorn

Lys
TOTAL

Date:
a.a.

Asp
Glu

“Ser

His
Gly
Thr
Arg

Tyr

Abu

Yal

Met
Trp/lle
Phe

Leu

Oorn

Lys
TOTAL

25.4.86 Day:177. DFAA's.
Sample No.
1 2 3 4
------------------- 0.024
0.045 0.056 0.022 0.065

- ————— o i ————

i —— o —  ——— . —————— ———————— =

.  ——— ————— o ——————— o —————

e L ——————— ——_— . ———————— A ——————————

] " i —————— - —————— — - v "

- - ———————————— — - ————— = . i - ————— ———————

0.090 0.097 0.022 0.130

1.5.86 Day:183. DFAA's.

Sample No. .
1 2 3 4
____________ 0.015 0.065

0.032 0.027 0.080 0.054
0.047 0.057 0.031 0.126

———— o e o . = —————— - —————

- — T — _— ——— ———————— i ————— . T ————

- — ——— ——  — —  —  ———————— —— T ——————— - — ——————

——— — — — — — - —— Y —— S e —————— - ——————— -

- — ————— o ———— . i ————— -

- e — ——— - —— ——— T ————— - ]

e ———— T e e L b ——— A — — ———— - ————— =

0.115 0.084 0.145 0.311

B.

7

0.162

0.318

0.146



Date:

Lys
TOTAL

Date:

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg

Tyr

Abu

val

Met
Trp/lIle
Phe

Leu

Orn

Lys
TOTAL

8.5.86 Day:190. DFAA's.

Sample No. .

1 2 3 4 5 6 7
0.020 0.027 ©0.041 0.029 0.032 0.038 0.040
0.041 0.047 ©0.062 0.068 0.098 0.163 0.048
0.042 0.079 0.078 0.055 0.074 0.120 0.064
0.097 0.116 ¢.041 ----- 0.150 0.131 0.077
0.035 ----- 0.039 0.036 0.031 0.073 -~----
----- 0.014 0.028 ----- 0.035 0.018 -----
--------------------------------- 0.033 -----
0.235 0.233 0.289 0.188 0.420 0.576 0.229

30.5.86 Day:212. DFAA's.
Sample No.

1 2 3 4 5 6 7
----- 0.020 0.165 0.062 0.035 0.034 0.040
0.045 0.050 0.137 0.050 0.053 0.056 0.054
0.040 0.117 1.437 0.139 0.046 0.139 0.032
----- 0.040 1.089 --------—--- 0.061 -----
------------ 0.154 -----=--memmmmmm e
------------ 0.254 -—-----mmmmmmmm e
------------ 0.513 0.049 ----- 0.058 -----
------------ 0.117 0.020 0.037 0.031 -----
------------ 0.189 0.096 -------————-eeouuno
------------ 0.080 --=----—mmmmmmere e
------------ 0.123 --——--—mmmmm e
------------ 0.653 ---————mmmmmmm—ma
------------ 0.289 -------——mmmmmmmm -
0.085 0.217 5.200 0.416 0.171 0.379 0.126



Date: 5.6.86 Day:218. DFAA's.
Sample no.

a.a. 1 2 3 4 5 6 7 .8
Asp 0.017 0.062 0.035 -r—== -—=——- 0.021 90.040 -~-----
Glu 0.083 0.093 0.065 0.055 ----- 0.023 0.027 0.055
Ser 0.067 0.062 0.094 0.098 ----- 0.038 0.126 0.036
His ===~ =-oommmmm s e e e e
Gly ------ 0.063 0.036 -——-——-—=—me——m—mmmee e
Thr  ---------———m e
Arg = e
Ala 0.059 0.067 ~~-=s—-mememcmmmmmm e 0.079 -—---
Tyr  -=--- 0.017 ~--mmmremmem e e
Abu -
Jal e e
Met  ==--we----emmeee e e
Prp/Ile- o m oo e e e
Phe - e
Leu o==——---—cem e e
19) 4 1 Tk e i
Lys  =---mmmmmmem e
TOTAL 0.226 0.364 0.23 0.153 BLD 0.082 0.272 0.091
Date: 5.6.86 DCAA's.

Sample No.
a.a. 1 2
Asp 0.120 0.050
Glu 0.092 0.050
Ser 0.017 0.060
His 0.192 0.124
Gly 1.455 0.225
Thr  ----- 0.015
Arg 0.075 -----
Ala 049 --—--
Tyr 0.036 0.006
ARbu e
Val 0.312 0.005
Met  -——-----e—ee—-
Trp/Ile ——=-=-=ceu--
Phe  =——-—v=m=-mee—-
Leu 0.037 0.05
orn ———-—mm—e-—-
Lys  --—-mm—————--
TOTAL 2.395 0.585

9
0.059
0.067
0.145

- -

0.498



Date: 12.6.86 Day:225. DFAA's.
Sample No.

a.a. 1 2 3 4 5 6 7
Asp 0.023 0.036 0.070 0.031 0.031 0.029 0.032
Glu 0.146 0.099 0.143 0.047 0.050 0.039 0.071
Sar -----m—-——-- 0.472 0.089 0.044 0.085 0.042
His e 0.111 -——————mm—mmm e
Gly -em=mmeomo—- 0.371 -===--mmmmm e
Thr === ———=mmm s e
Arg  ~=---------- 0.038 ---------eemmmmm e
Ala 0.085 0.050 ------=-mm—mmmmem——
Tyr  ===-s—mme——- 0.040 ---------mmmeme e
Abu  mmmmmmmm s e
Val  —=remmeceaaa 0.047 -------mmmmmmme e -
Met  ~-----mmmmememseeee e e
Trp/Ile=== oo e e e e
Phe  —=---——mm e e e
Leu  -=-----oo--- 0.066 --—-----=-s-—o—moe——oeeeo
Orn e e
Lys === emmemm st e
TOTAL 0.254 0.185 1.358 0.167 0.125 0.153 0.145
Date:12.6.86 DCAA's.

Sample No.
a.a. 1 4 6 7 9
Asp 0.17% 0.102 0.184 0.089 0.058
Glu 0.156 0.036 0.239 0.086 0.062
Ser 0.146 ----- 0.206 0.057 0.042
His 0.257 0.120 0.166 0.137 0.063
Gly 0.298 0.405 0.488 0.317 ©¢.236
Thr 0.039 0.029 0.022 0.057 0.045
Arg 0.016 ----- 0.052 ----- 0.036
Ala 0.083 0.016 0.106 0.041 --~--
Tyr 0.052 0.018 0.032 0.011 0.014
Abu  mmmmeeseeee e
vVal 0.148 0.074 0.142 0.121 0.077
Met = -~
Trp/Ille ———=———mmme e e -
Phe 0.053 -—----—mmmmmmm e
Leu 0.017 -=----mm—mmmmmee—— e
10) o B b it
Lys @  m==mmm e e e
TOTAL 1.444 0.800 1.637 0.916 0.633

A ey

—— e e i

— e ————— . ——

0.210 0.185



Date:

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
abu
Val
Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

Date: 2

a.a.
Asp

Glu

Ser

His ,
Gly

Thr

Arg

Ala

Tyr

Abu

Val

Met
Trp/Ile
Phe

Leu

¢rn

Lys
TOTAL

2.7.86 Day:245. DFAA's.

B.1l1

Sample No.
1 2 3 4 5 6
.0.113 0.086 0.068 0.056 0.052 0.123
0.060 0.043 0.071 0.042 0.066 0.063
0.443 0.312 0.236 0.223 0.216 0.445
0.325 0.195 0.134 0.147 0.119 0.145
0.040 0.067 ~--————===munm=—=a—- 0.053
0.182 0.102 0.106 0.074 0.090 0.109
0.055 0.029 0.016 ©.018 0.050 0.038
0.043 0.063 0.047 0.032 ==--- 0.042
0.062 -—---——------srmrmem e
0.151 0.152 =======memmmm e
1.474 1.049 0.678 0.592 0.593 1.018
.7.86 DCAA's.
Sample No.
1 3 5 7 8
0.204 0.098 0.132 0.161 0.226
0.354. 0.132 0.136 0.560 0.460
0.040 ---------mmmmm e 0.209
0.275 0.153 0.156 0.276 0.419
0.280 0.280 0.335 0.370 0.490
0.162 0.085 0.106 0.093 0.1613
0.108 ----- 0.024 ----- 0.050
0.107 0©€.034 0.068 0.054 0.156
------------------- 0.050 ---—--
0.080 0.062 0.059 0.061 0.194
0.051 ¢.059 ----- 0.079 0.018
0.051 0.067 ----- 0.079 0.060
0.020 0.076 ---—-- 0.058 0.060
0.090 0.113 0.089 0.054 0.141
------------------- 0.069 --—--—-
1.822 1.159 1.105 1.964 2.646



Date:

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
Val
Met
Trp/Ile
Phe
Leu
Orn
Lys
TOTAL

Date: 8.

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

Val

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

8.

7.86 Day:251 DFAA's.

1
0.159
0.083
0

2
0.051

Sample

3
0.044
0.051
0.150

No.’

4
0.061
0.060
0.248

e e ——————— ————— T — — ———— " " —— - —————— T —— T ———— - —

——

— —————— - - - —— — ———————— " —————— . i - - ———— T ——

——— e n S R D e ————  ————————— — ——————————

- ——————————— T D T = ———— . ——— —— —— T ————— ——

- i ——— A = —————— - ——

——— . —— ——— . D L — T —————————————— ————————————————— P i o ——

0.402

DCAR's.

0.462

Sample No.

3
0.217
0.199
0.244
0.330
0.492
0.098
0.096
0.141
0.0438

5
0.182
0.268
0.102
0.182
0.380
0.113
0.112
0.069

o — — ——————————— ———— —————— o —

————— — i ———— ——— o ———————

1.179

1.037 0.488 2.239



Date: 15.7.86 Day:258 DFAA's.

Sample No.
a.a. 1 2 - 4 5 8 11
Asp 0.039 0.023 0.008 0.034  -——-- 0.026
Glu 0.080 0.045 ----- 0.049 ---——- 0.043
Ser  ----- 0.081 0.123 0.093 ----—- 0.066
His ST it ettt
Gly 0.078 =—-——=—-—-mm e
Thr ===l
Arg ettt e
Ala  --==-- 0.043 0.035 ------o—ee—- 0.058
Tyr —mmemmemmmmmmme e

Val =~  mememeemmees—oee—e-o 0.041 ------------
Met —--m-emmmemmmem e
Tep/Ile ——-=-====-=— oo
Phe  ---"ve-eerr e
Lew  --=---mmmmmmommem -
Orn e e e e
Lys  ==------mommmmm e
TOTAL  0.197 0.192 0.166 0.217 BLD 0.193

Date: 15.7.86 DCAA's.

Sample No.
a.a. 2 8 11
Asp 0.132 0.227 0.211
Glu 0.0838 0.168 0.138
Ser 0.117 0.239 0.168
His 0.262 0.233 0.229
Gly 0.502 0.454 0.444
Thr 0.165 0.138 0.176
Arg 0.093 --———---e-
Ala 0.111 0.268 90.086
Tyr 0.022 0.033 0.032
Abu = memmmrermeeeeeeeaa
Val = @ ———mmmmme—— 0.013
Met =  —o-ememmmmececeee-
Trp/Ile 0.101 ---~=--wae———o
Phe =  —==--—mmmme—ae-
Leu 0.0%54 —----- 0.033
Oorn  —-mmmmmmmm e
Lys —----mmmmmmeeemmeeo

TOTAL 1.647 1.760 1.530

B.13



Date: 23.7.86 Day:266 DFAA’'s.
. Sample No.

a.a. 1 2 3 4 5
Asp 0.034 0.016 0.028 0.037 0.025
Glu 0.042 0.054 0.065 ----- 0.043
Ser ------------ 0.135 0.098 0.027
His -+
Gly --------memrsecem e
Thr === ==-——————s— e mmmeeeea—— oo
Arg -——-----mmmmemmmmemmmmcceee e
Ala 0.018 0.055 0.042 0.042 -----
TYr ==—===c-=-e-—o———m—mm e
e
Val --------—-—mm e
Met —=--=semm -
Trp/lle-—=---====--coomcem e ccae—
Phe ~==------ommeommeeeee e

LYS === mmmmmrmmesee—emcemmmeeeeeo oo
TOTAL 0.094 €.125 0.270 0.177 0.095

Date: 23.7.86 DCAA's,.

Sample No.

a.a. 1 2 4 6

Asp 0.291 0.193 0.209 0.369
Glu 0.266 0.183 0.261 0.414
Ser 0.368 0.281 0.258 0.565
His 0.189 0.130 0.164 0.191
Gly 0.716 0.868 1.019 0.522
Thr 0.241 0.018 0.167 0.334

ALg =~ —mmmmmmmemmmmmmmemeee 0.257

Ala 0.322 0.188 0.223 0.323
Tyr 0.045 0.045 0.043 0.146
LY et
Val 0.358 0.214 0.283 0.206
Met mmmemmmm oo
Trp/Ile ----- 0.066 ----- 0.063
Phe = -----m-mmessooooo-oo 0.062
Lew  -~---- 0.074 ----- 0.078
1 e
Lys —---ememememm—oomoeeeo 0.124

TOTAL 2.796 2.260 2.627 3.655

6 7 8 9 10
0.046 0.027 0.022 0.027 0.018
0.047 0.045 0.026 0.037 ~--—-
0.114 0.017 =---- 0.143 0.081

- 0.035 ~---—- 0.057 0.048 ==----

————————————————————————————————————
____________________________________
————————————————————————————————————
____________________________________
————————————————————————————————————
____________________________________
————————————————————————————————————

T ——— ) ———————————— " ——

0.242 0.089 0.105 0.255 0.099

-

-

B.14



Date: 30.7.86 DCAA's

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

Val

Met
Trp/Ile
Phe

Leu

orn

Lys
TOTAL

Date: 30.7.86 Day:273 DFAA's.
. Sample No.

a.a. 1 4 5 6 7 8
Asp 0.030 0.062 0.107 0.035 ----- 0.020 0.028 0.044
Glu 0.075 ----- 0.065 0.066 ~----- 0.036 0.046 0.064
Ser ~-—-——-——===w- 0.346 ---~——--e=mooooa- 0.078 0.159
His  -—-===ceemmccmmc e -
Gly ------ 0.037 0.203 -~--——-=memm—ecemm—e e 0.114
Thr ------=-—-- 0.030 --—-—-—-——mmmer e
Arg ----mmmmm s
Ala ------ 0.047 0.178 --———-—-=-=-——m————- 0.033 0.083
TYyr ~==-===——---- 0.016 --~-=-=ermmmm e 0.029
Abu -t e e
val —~----=-=—--- 0.049 - -
Met  --————=----—— e e e
Trp/lle-——===-——--- et -
Phe  ~=-omsemmcce s e e e e e
Lew -===-----——memm e e
Oorn ----—-—----- 0.333 -—mmmmmmmmmmmmmomee o
Lys === mmmm oo e e
TCTAL 0.1C5 0.146 1.327 ¢6.161 BLD 0.056 0.185 0.493

Sample No.

1 2 6 8
0.168 0.256 0.152 0.203
0.162 0.323 0.146 0.242
0.093 0.426 0.163 0.415
0.302 0.116 0.113 0.083
0.416 0.818 0.612 0.681
0.083 0.144 0.103 0.184
--------------------- 0.064
0.164 0.225 0.142 0.234
0.033 0.059 0.027 0.022
0.209 0.152 0.221 0.295
------ 0.083 mmmrmmmmeea——
------ 0.084 0.046 0.020
------ 0.176 ————— 0.145
------ 0.246 mmmm—————————
1.630 3.108 1.752 2.588



0.064
0.028

- o ————— e ek S ek e e ——— = - -

i ——— e ——— A — e ———— —————— ———— = -

- — - e ) = = - — - - - —— -

- ———— ———————— — ———————— - - A} — = ———————

————————— - ———— T W = ———— —————

T ] —————— i ———————————— o ——

- ———— ——— T ——————

Date: 6.8.86 Day:280 DFAA's.
Sample No.
a.a. 1 2 ] 4
Asp 0.032 0.023 0.024 0.024
Glu 0.059 0.057 ----- 0.065
Ser 0.133 0.083 --—--- 0.042
His :
Gly 0.128 ~--=em—rsmmmam e
Thr
Arg e mm e e e
Ala 0.068 ---—----v—vee 0.021
Tyr =---eemeemmmmmmme -
Abu
Val ~  mmeemmeemmmmmm e e
Met
Trp/Ile
Phe
Leu  -—-------eeemmme e
0rn = memes e -
Lys
TOTAL 0.420 0.163 0.024 0.152
Date: 6.8.86 DCAA's
Sample No.
a.a. 1 2 3 4
Asp 0.084 0.105 0.153 0.138
Glu 0.039 0.027 0.156 0.123
Ser W -------=--- 0.099 0.083
His 0.116 G.131 0.136 0.146
Gly 0.268 0.882 0.639 0.689
Thr 0.134 ---~=- 0.056 0Q.068
Arg 0.033
Ala 0.034 0.084 0.128 0.076
Tyr 0.028 --—-- 0.034
Abu e o
vVal 0.099 0.191 0.193 0.202
et  -----e-———_-—-——— e -
Trp/Ille ~====—-— e e
Phe  -r-e-eemmrmm e
Leu 0.028
10} o I e D D e e PP
Lys -----—mmmmmmmmmmm—e -
TCTAL 0.863 1.420 1.594 1.525

B.

16

1.487

0.287



- ——————— - ——

- - — = > - - = A e = e o - S = ——— —

o ——— i —— b ——————— T ———————— — —————————————— -

0.056 ----- 0.015 -----
0.051 ----- 0.068 0.052
------------ 0.116 ------

- - - - —— ——————————_— — - . = ———— i —— ———

Date: 4.9.86 Day:309 DFAA’s.
Sample No.

a.a, 1 3 4 5
Asp 0.035 0.115 0.049 0.178 0.116
Glu 0.064 0.075 0.029 0.128 0.094
Ser 0.094 0.409 0.107 0.713 0.581
His -----—-—-=----mome-- 0.084¢ -------
Gly 0.074 0.235 0.088 0.449 0.407
Thr -=~—-————m————mmu- 0.158 0.174
Arg emmmmmmmmm— e 0.111 0.067
Ala 0.044 0.137 0.056 0.295 0.204
Tyr ----- 0.044 ---——- 0.064 0.039
Abu
val ----- 0.086 -----—- 0.192 0.149
Met
Trp/Ile
Phe --—=—-——rmmcmmms 0.068 --=--=---
Lew -----—------mmmoee- 0.044 0.044 -
Oorn  ------ 0.251 ----—-- 0.304 0.129 -
Lys
TOTAL 0.311 1.352 0.329 2.788 2.004
Date: 4.9.86 DCAA's.

Sample No.
a.a. 1 4 5 8 11
Asp 0.578 0.083 0.148 0.033 0.199
Glu 0.522 0.102 0.156 0.052 0.166
Ser 0.783 ----- 0.138 0.028 0.132
His 0.444 0.106 0©.150 0.105 0.116
Gly 1.135 0.228 0.382 0.257 0.547
Thr 0.406 0.068 ©.058 0.050 ¢.084
Arg 0.188 ----- 0.048 ----- 0.073
Ala 0.640 0.074 0.128 0.033 0.130
Tyr 0.04) - 0.015
Abu  —memme e
Val 0.200 ----- 0.092 0.043 0.0%8
Met = —-=—----mmmmem e
Trp/Ile 0,142 0.012 ---—-=v-—-—=e-eeee--
Phe 0.066 0.028 0.064 ---—----~--~=
Leu 0.139 ----- 0.080 --—\---------
Orn 0.252 ----- 0.126 ----- 0.119
Lys 0.157 0.116 ¢Q.115 --------ew-e-
TOTAL 5.695 0.827 1.685 (0.611 1.639

B.17

0.389 0.650 1.125 0.717



Date: 24.9.86 Day:329 DFAA's.

Sample No.
a.a. 1 2 4 5 7 8
Asp 0.225 0.201 0.063 0.107 0.092 --—---
Glu - 0.073 0.077 0.052 0.067 0.044 --—---
. Ser 0.815 0.410 0.113 0.247 0.316 0.312
His =~ —=—-—mmmmm e
Gly 0.37% 0.343) ----—-——-——- 0.160 0.153
Thr 0.075 0.113 -—---—--—mmm—mmmm———e e
Arg 0.125 -====eomea—- 0.111 -----——-——--
Ala 0.325 0.217 0.114 0.14e 0.154 0.159
Tyr ¢.029 0.071 ----———----——- 0.033 ------
Abu memememem e e e
Val 0.185 0.136 0.022 0.088 0.089 0.082
Met -----mmmmoooee e emme—e—e e —een e
Trp/Ille --—--—————-——me e
Phe =  --------mmmem—mem e
Leu -=------mommmmmem oo s e m e
Orn 0.149 0.169 =-=-=--------mmomooeommo
Lys -—-—=-——————--mmmmmm e

TOTAL 2.376 1.738 0.364 0.766 0.888 0.706

Date: 24.9.86 DCAA's

Sample No.

a.a 1 2 4 5 7 8

Asp 0.088 0.268 0.432 1.109 0.266 0.338
Glu 0.146 0.208 0.335 0.489 0.190 0©.224
Ser  ----- 0.025 0.365 0.608 0.066 -~---—-
His . 0.152 0.283 0.249 0.268 —~===w=ae—a--
Gly 0.741 0.508 0.855 0.718 0.692 0.383
Thr 0.121 ---—-- 0.1¢3 0.112 0.051 0.045
Arg 0.012 0.125 0.264 0.083) ------------
Ala 0.008 0.074 0.182 0.253 0.057 0.030
Tyr 0.019 ----- 0.084 0.068 ----- 0.040
Abu e e
Val 0.026 0.090 0.263 ---—-- 0.122 -----
Met e=mmmereerrmrrr e
Trp/Ile —-=-—==--—————mmmew- 0.108 ------=eue--
Phe 0.016 0©€.012 0.099 0.044 ------------
Leu  ——————mvmmemmmee———- 0.142 ---—-—-===-==
Orn 0.052 ----- 0.204 -
Lys  ——==——emmmmmmme e

TOTAL 1.381 1.593 3.485 4.002 1.444 1.060

B.18



Date: 1.10.86 Day:336 DFAA's.

Sample No.

a.a. 1 2 3 4 5 6 7 8

Asp ----- 0.078 0.0%51 ----- 0.102 0.046 0.097 0.048
Glu 0.042 0.037 0.015 0.034 ----- 0.033 0.044 -~-----
Ser  ----- 0.121 0.130 0.153 0.373 0.218 0.663 0.125
is  --=-=m—mmm e
Gly  -——-==—————- 0.107 0.070 0.235 0.136 0.293 -----
Thr  ----—--————— e 0.058 -----
Arg e e o
Ala  --==- 0.051 ~-—--- 0.064 0.145 0.070 0.275 0.014
Tyr  —-=emssosooos—seee-s m——————- 0.023 ----- 0.058 -----
Abu  cmmmememme e e
val - 0.043 ------ 0.061 ------ 0.137 --——--
Met  ------mmmmem e e e
Trp/Ile-~=-===-==- - -
Phe  —=------mmmmm e e
Leu  ~rormmmemmmemm e e e e e e
Orn  ~===---ssme s e 0.121 --—---
Lys  —==-mmmememm e e

TOTAL 0.042 0.287 0.346 0.321 0.939 0.503 1.746 0.187

Date: 1.10.86 DCAA's

Sample No.

a.a. 1 2 4 5 8

Asp 0.165 0.196 0.108 0.037 0.118
Glu 0.081 0.209 0,007 0.091 0.095
Ser 0.012 0.234 -—--——-—commme——-
His 0.513 0.484 0.202 0.206 -----
Gly 0.322 1.374 0.467 0.252 0.509
Thr 0.066 0.213 -----eeee—- 0.111
Arg  ----- 0.205 ----- 0.087 ----—-
Ala 0.112 0.209 --------=-- 0.121
TYr  ——————— T —remesssma———o 0.042
Abu e
val 0.022 0.278 0.051 0.021 0.245
Met  ----------— -
Trp/Ille ====-=-e-——mmmcmmr e
Phe = -——---m--mrmmeee e
Leu  ----- 0.046 -=====m——————————e
18] 3 S et fadatat b
Lys —-=mmmmmmmmmecsscmcmmccmmmm—ae

TOTAL 1.293 3.448 0.835 0.694 1.241



Date: 16.10.86 Day:351 DFAA's.
Sample No. .

a.a. 1 2 3 4 5 6 1 8

Asp - 0.032 =------mmmmesesessmme e e e ee
Glu 0.032 0.062 ---—- 0.028 ----- 0.037 ===~ e
Ser 0.077 —omemmmmmm o e e
HiS o e o e e e e m e
Gly === m-mmmmmme s e e
Thr === - s s s
8 o« et i e it
Ala - mmm s m e a e
Tyr  ——=m-mmsememms s e e
Abu s meem e -
Val  ————-mmmmmmmmm oo e e e e e e
Met  -————-— -
Trp/Illes====---— oo e m—mm e s oo
Phe  —mmmmmmmmm e e e e e e e e e e oo
Leu  -----------ememme e e
10} 0 s i bt Dbl D et DL LD e
Lys === =mmmmm e s e e
TOTAL 0.141 0.062 BLD 0.028 BLD 0.037 BLD BLD

Date: 16.10.86 DCAA's
Sample No.

a.a. 1 3 4 6
Asp 0.115 0.183 0.15%% 0.094
Glu 0.125 0.152 0.162 0.072
Ser  —mmmeemmemceeeeee-- 0.046
His 0.232 0.176 =-=--------——-
Gly - 0.183 0.442 0.766 0.460
Thr  --—--—- 0.124 ---------——-
Arg  cemmmmmmememeee -
Ala 0.046 0.100 0.116 0.100
Tyr ==——- 0.054 0.042 -----
Abu s mmemae——
Val 0.004 0.128 0.068 0.079
Met ~-e-meece-eeseeeee—e—
Trp/Ile -=——-—-——-———----oommoooe-
Phe = ----e--memmmmeemeeeee -
Leu —w-memsemmeme—ee—e———o
Orn memmmmmmmmmmmmmmm oo
Lys  -—=----—-mmmmmememem e
TOTAL 0.705 1.35%9 1.309 0.851

B.20



Date: 23.10.86 Day:358 DFAA's.
Sample No.
a.a. 1 2 3 4 5 6 7 8

Glu -t e e e
Ser  mm=m—-e-- 0.083 0.063 -=~-------~—- 0.101 0.186
His  =----—-=em—— st ee e
Gly —-mmmmmseeemmmm et e et me— e m e
Thr ~==—------mmsmmee e e
3 o B e ittt b b
Ala, -——-——-—em e 0.025 0.0586
TYr  =m=meme e e e e
Abu  mmmmmmmm e o
Val ——-mmmmeemmm e e e
Met —--------emmmeeme e e s e
Trp/lle-=—==== == e e
Phe ---------eemmm e e
Leu -=--m=-ermmmmmm o e e m e

LYys —---mmmmmmmme e e
TOTAL BLD BLD 0.083 0.063 BLD 0.023 0.126 0.304

Date: 23.10.86 DCAA's :
Sample No.

a.a. 1 2 3 4

- Asp 0.214 0.588 0.251 0.280
Glu 0.149 0.606 0.155 0.260
Ser 0.043 0.548 0.146 0.189
His  =---- 0.576 0.364 -----
Gly 0.708 1.214 1.044 1.463
The -——-- 0.391 ~----------—-
Arg = ----- 0.465 ----- 0.139
Ala 0.204 0.502 0.103 0.256
Tyr  ===-- 0.181 ----- 0.056
Abu e cmccnmeeee
Val 0.372 0.394 0.295 0.248
Met  mmmmmemmmmeemmee—m—ce——eeo
Trp/Ile  ~-—-----c-soooscmo—ea o
Phe s m———————seco———e—ae
Lew  ---=-- 0.209 ------ 0.086
1) o R 0.138
Lys =-m-emmeomme—esemoccecea--
TOTAL 1.690 6.080 2.358 3.115

B.21



Date: 8.11.86 Day:371 DFAA's.
Sample No.

a.a. 1 2 3 4 5 6 7
Asp 0.109 ---memrmmsemm e e 0.048
Glu 0.062 ---=---- 0.025 -----mmmemmme— e " 0.026
Ser 0.223 0.096 -—-—---m-w-—---- 0.050 ---==---- 0.118
His ~ === ==-eosmeemmmm e e o
Gly 0.166 0.057 ---—--- 0.069 -==—-mm—mmmmmmmmee o
TRE e e - ’
Arg 2~ --mmmmmmmemmmmmmemme e
Ala 0.121 0.087 -~—=----- 0.082 -———--- 0.067 --~---
Tyr 0.041 ----—---mmm
Abu - e
Val 0.140 -—-==——-meemmm—— - 0.065  ------ 0.039
Met -+ e e
T/Ile —————————— e -
Phe = ------------emmm— e
Lew = --=----msesms-—ss———————- ettt
Orn e e e e m e
Lys  =--reee—eee--e——————— e e
TOTAL 0.862 0.242 0.025 0.151 0.115 0.067 0.231

Date: 8.11.86 DCAA's

Sample No.

a.a. 1 2 4 6 7

Asp 0.026 0.130 0.101 0.104 0.027
Glu 0.052 0.102 0.112 0.071 0.073
Ser  -mmmmmmmm s s mmmme—ae
His  ----- 0.174 0.1%91 ----- 0.183
Gly 0.290 0.358 0.781 0.348 0.509
Thr === mmme e
o i e e e .
Ala  ----- 0.007 -=~--- 0.063 0.100
TYr == mmmmsmsemssmmcee—— e —m e
Abu  -me-emmmee——eeee e
val 0.050 0.013 0.148 0.123 0.112
Met  ----------em-emee—meeee
Trp/Ile 0.068 -------------ommoommomcnae
Phe  --------eeeeemeee e
0rn mmmemmmmssss———m e —mmeme e
Lys —mommmemmmmeeee—ee -

TOTAL 0.486 0.784 1.333 0.709 1.004

B.22



Date:

a.a.
Asp

Ser
His

Thre
Arg
Ala
Tyr
Abu
Val
Met
Trp/Ile
Phe
Leu
Orn
Lys
TOTAL

Date:

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

Val

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

13.11.86

Sample No.
2 3

Day:379 DFAA's.

0.045

——— e — L T T ke . — . T = T ——— - ————— v

——— . ——— - e o i ——————— — -

i ———— — - - ——— . ————— . ——— T ———— ———

. . ———

i —— —— Tt — o —— . - ——————— — ———— ———— - ——

D b P S - NSk e e ——————————— T —— D = — ————

- ————— T —— A  — ——————————— — ————— - ——

- ———— S o ———— - —————

. i ——— - ———— ——— - — . T W S o = ———

—— i — ————— ———— —— ——— i —— T ———————— T ———

A — st ol e ————— — T ————— . - —————————

0.120

13.11.86

1
0.090
0.090

BLD 0.052

DCAA's

Sample No.

2 4
0.201 .218

BLD

B T e e L F R S ——

0.038

R D Lt e ————— - ———————

——— ——— . ————— o ———_—

. — T A e . ——

1.249

B.23

BLD 0.202

0.189

0.070




Date:

a.a.
Asp
Glu
Ser

Gly
Thr
Arg
Ala
Tyr
Abu
Val
Met
Trp/Ile
Phe
Leu
Orn
Lys
TOTAL

20.11.86 Day:386 DFAA's.

Sample No.

1 2 3 4 5
------------------- 0.045 0.044
----------- 0.131 0.044 —————-
----------- 0.042 0.097 0.147
----------- 0.09%7 ————— 0.080
------------------- 0.045 0.085
------------ 0.073 0.019 -———

BLD BLD 0.343 0.250 0.356

Date: 20.11.86 DCAA's

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
Val
Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

Sample No.

1 2 3 4
0.148 0.102 0.107 0.080
0.120 0.007 ----- 0.008
0.032 -—-—---—mmmmmmm—— o

. 0.271 0.373 ----- 0.220

- ————— A — —————————

———— —— . ———————

———— ———————————— "

B.
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Date: 27.11.86 Day:393 DFAA's.
Sample No.

Lys -----mmmmmme e oo
TOTAL BLD BLD 0.044 0.074 0.058 BLD

Date: 27.11.86 DCAA's

Sample No.

a.a. 1 2 3 4 5

Asp 0.082 0.247 0.234 0.165 0.089
Glu 0.072 0.311 0.212 0.146 0.086
Ser 0.123 0.167 0.185 0.212 0.073
His ~ ==---- 0.311 0.190 ------=-—---
Gly 0.310 0.409 0.380 0.390 0.242
Thr  -====- 0.141 0.157 0.120 -----
Arg  ----- 0.109 0.102 0.116 0.054
Ala 0.294 0.184 0.224 0Q.192 0.084
Tyr ----- 0.056 0.048 0.056 =~-=----
Abu e
Val 0.106 0.056 0.082 0.055 0.013
Met =  ~=---eemmemrmme e e
Trp/Ile —==-=-=--m—mmmmmmm e
Phe -==-- 0.056 -—————-—m~-sm——a———
Leu 0.103 0.114 0©0.076 0.063 -----
orn  mmmmeemmmm e 0.118 -----
Lys —  —ememmee—a——- 0.125 --—------e-

TOTAL 1.09C 2.161 2.015 1.633 0.641

B.25



Date: 10.12.86 Day:406 DFAA's.

Sample No.
a.a. 1 2 3 4 S 6 10
Asp 0.144 --——---—--------=-w- 0.031 -----——mee
Glu 0.066 ---=—-----mmm——m—m e
Ser 0.453 ----——----mmmm e 0.104
His —-=-—mommm e e e e
Gly 0.353 ----——----—memmmmm e 0.107
Thr 0.109 -m-=-rmmmom e
Arg  mommmmm e e
Ala 0.178 ~-------mmmseme e m e e ¢.060
Tyr 0.049 -—----—-mm———m e
Abu - e
Val 0.059 --—--——--mmm e
Met ~=—-=--memmemsmces st e
Trp/Ile 0.079 ---—-—-—-——mvmmmmmm e 0.091
Phe - - e
Leuw  -----es--emeem-e e -
Orn 0.276 -——-———=—-—— e e
Lys mmmemmememeeme e e
TOTAL 1.766 BLD BLD BLD 0.031 BLD 0.362
Date: 10.12.86 DCAA's

Sample No.

a.a. 1 2 3 4 10
Asp 0.019 ©€.122 0.101 0.058 0.108
Glu 0.019 0.149 0.116 ©0.138 0.166
Ser  ----- 0.090 0.102 0.098 ---~--
His  -——---—---—--—-u—- 0.293 -~-----
Gly 0.171 ©.864 0.647 0.888 0.551
Thr  —=--==---mmmmmmmcm s
Arg = emmemmmmemmm e 0.051
Ala 0.023 0.093 ---—--—----mm—o—e
Tyr  =-—=--- 0.001 -—-==-owmmmemmm——
Abu  meemmmememe—e—mee e
val ~ -———- 0.092 0.063 ----- 0.046
Met  —----mmmmreesmecesie e
Trp/Ile 0.014 0.270 0.138 ---=---=—=---
Phe  ----- 0.079 0.024 -----=------
Lew  ----- 0.178 0.042 ---==--==----
crn -----—m—eemmmmmmeee e -
Lys —-mesemmeemeee e
TOTAL 0.246 1.938 1.233 1.475 0.922



.Date:- 18.12.86 Day:414 DFAA's.
Sample No.

a.a. 1
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
Val
Met

——— L — v ——— ——— ———

R R A e WP R AP R ——— .

- ——— - ——— - - - —————aA P} i i = ————— -

. —— L —————— T ————— ———————

it b i e T o " S - ———— — —————

- G —— T ————— —————————

——————————— " — —————————————— = ——— ==

B 3 B e

Phe
Leu
Crn
Lys
TOTAL 0.256

Date:

a.a. 2
Asp 0.092
Glu 0.074
Ser -----
His

Gly

Thr

Arg

Ala

Tyr

Abu

vVal

Met
Trp/Ile
Phe

Leu

orn

Lys
TOTAL

0.967

0.

028

18.12.86 DCAA's

BLD BLD

Sample No.

4

.067
.076
.074
.23%

10
0.162
0.248
¢.096
0
2

0.114

B.

27

0.241

- —— A  Aw W ————————— ———— ———— -

i —— o —— T ———— ———— i v} = = ——— -

BLD




Date: 8

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
Yal
Met
Trp/Ile
Phe
Leu
Orn
Lys
TOTAL

.1.87

1
0.035

Day:435

- ——————— T —— ——————— ———— " ——— . S ——— . = — — o - —

D s ——— i ————————— o ————— -

—— T ————— ———— - D = = o ———

—— - —— ———— - ———— - ———— - —————— - ——

e > = —— - - ——— — —

- —— ——— - — —— " ————— A S = = = = A - e . = —— ——

- A — ————— - = ——— . P W e - - — ———

———— ) — ——————— = ———— ——— ———— e v = i ———

D e - - — —————— - ———— ———— -

———— - —————— - —— TP i - —— D = - - —————

e U ——————————————————— o ——— o —————— - —

ALy ————— — A —————— ——————— - - . ——

0.035

Date: 8.1.87 DCAA's

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
val
Met
Trp/Il
Phe
Leu
Orn
Lys
TOTAL

- —— - ———— . A —

- ——————— —————— o ———————— . ———— -

3.055

Sample No.
2 k| 4
0.033
0.173
0.096
0.042
0.344 BLD BLD
Sample No.
2 4 5
0.062 =———-—memmaeemmeeeeo
0.137 -———memme——o
1.544 0.958 0.503
0.122 0.046 0.084
0.116 —--—=-—-cema--
0.149 0.042 0.054
0.086 —-———=-—cc——cmm——eo
0.186 0.187 0.106
2.402 1.233 0 808

28



Date: 15.1.87 Day:442 DFAA's-

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

Val

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

Date 15

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

Val

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

Sample No.

1 2 3 ) 8 10
0.071 ----- 0.064 0.055 0.045 0.133
0.022 0.044 -=-—----eceee- 0.041 0.008
0.476 0.464 0.548 0.387 0.283 0.947
0.260 0.288 0.269 ~=+-vmecmmccmmea -
0.113 0.093 Q.106 0.075 ©0.083 0.208
0.017 ----- 0.045 0.041 0.032 0.082
0.047 0.056 0.052 0.047 ~-=--- 0.085
---------------------------------- ¢.080
0.196 0.144 0.192 0.128 0.123 0.790
---------------------------------- Q.127
1.202 1.089 1.276 0.733 0.607 2.460
.1.87 DCAA's

Samnple No.

1 2 3 6 8 10
----- 0.038 ------------ 0.066 0.074
0.090 0.062 0.075 Q.099 0.065 0.193
0.049 --=----——o 0.096 0.185 -----
0.100 0.652 0.287 0.594 0.620 0.420
--------------------------------- 0.114
0.034 -—------em- 0.096 ---=---=-=-~--
0.013 0.061 0.029 0.052 ----- 0.012
0.206 0.190¢ 0.156 0.301 0,220 0.098
————— 0.002 --=--—--m—mmmm—— e
-------------------------- 0.033 —-——--
------------------- 0.026 --=-------—-
0.492 1.005 0.547 1.264 1.189 0.910

B.29



Date: 30.1.87 Day:457 DFAA's
Sample No.

a.a. 1 2 k] 4 5 6 17
ASp  memmmemmememmeme e e
Glu s e
Ser = mmmseoosmeseee——- 0.076 ——==-==--—-omoomnena
His ~ -~==-- Bl e e it
Gly  --—--mermmmmme et e e

Val =~  mmmmmmememomemrmme e o
Met —---momoomooooso o emes e mcme e
Trp/Ile -—--—==——mm oo e
Phe = -----------e-emeeemem s
Leu  -=----ememememmmmme e e

TOTAL BLD  BLD BLD 0.076 BLD BLD BLD

Date: 30.1.87 DCAA's
Sample No.

a.a. 1 3 4 5 6
Asp 0.078 0.109 0.109 0.075 0.057
Glu 0.049 0.076 0.036 0.043 0.080
Ser = —emsmmemom—mme—smssoo——eeo 0.017
His =  —=-mmmmmm e
Gly 0.650 0.843 0.276 0.898 0.886
Thr —==mmeeo—me e e
Arg mmmmmmem oo oo esss e —m————meee
Ala 0.112 0.14% 0.008 0.101 -----
TYr —=mmmmmmmssmmeeeeee— e
Abu  mmmmmememem e
Val 0.002 0.022 0.057 ----- 0.070
Met semmmememmmeeeeee e
Trp/Ile -—-—--------m-ommmm e
Phe  —----emmmeemeeeee o
Leu 0.052 -------emmommmcme e
0 2 T e
Lys  ----mmmmmmmmmmeem e
TOTAL 0.943 1.199 0.486 1.117 1.110

B.30



Date: 5.2.87 Day:463 DFAA's.

Sample No.
a.a. 1 2 3 4 5 6 7 8
Asp 0.104 0.114 ----- 0.064 0.026 0.059 0.022 -~----
Glu 0.06] 0.064 -~-————--——eeee——- 0.042 -——=——~-oeeo
Ser 0.752 0.638 0.206 0.186 ----- 0.328 0.140 -----
His  -==—--—=-memmmmmmm e e e
Gly 0.320 0.344 0.064 0.067 -=-—-- 0.046 -—-=--—---—=
Thr === ==em—mmmm e e
Af§ —mmmm s e e s e -
Ala 0.175 0.098 --—-————--mm e
Tyr 0.042 0.061 --—----——————-——w- 0.025 -----=-—-em—-
Abu - e
Val e e et D D R L B L L L e e S
Met  —=------mmmsees e e
TIpP/Ile == === e e e e
Phe = —==-r--mmemm e e -
Leu  =-=---—--—m
orn  ------ 0.104 ---—=--=smommmmm e
Lys  —-=mmmmmme et e
TOTAL 1.456 1.423 0.270 0.317 0.026 0.500 0.162 BLD

Date: 5.2.87 DCAA's

Sample No.

a.a. 1 3 4 5

Asp 0.055 0.163 0.052 0.164
Glu 0.268 0.437 0.058 0.264
Ser = ----- 0.063 ----- 0.236
His = ===-ee-emommmoomo- 0.420
Gly 0.504 0.790 0.772 1.443
Thr —===----seseoeo———- 0.168
Arg = mmmmmmmeeme————mee- 0.198
Ala 0.056 0.118 0.088 0.189
Tyr —memmem—emee- 0.007 0.034
Y L i e
val =~ m-ememmeeeee- 0.062 0.153
Met —mmmmmmmmmmmmmmemee o
Trp/Ile -==---------cooo——- 0.126
Phe = -----mmeeee-ooo—o 0.123
Leu  --=----m-ommsommee- 0.166
orn  ===--- 0.278 ------=-----
Lys  —-mrmemssse——oooooo- 0.186

TOTAL 0.883 1.849 1.039 13.861

B.31



Date: 12.2.87 Day:470
Sample No.

a.a. 1 2 3 4 5 6 7
Asp  ----- 0.024 ———--——-=—-mom—— 0.032 ------
Glu 0.052 0.033 -—=———--—mmeem et
Ser = w-=-- 0.043 -—-----—mmmmm o 0.039 ---=--
His ==mmmres oo esme e
Gly  ----- 0.058 === -
Thr === ———— -
Arg e -
Ala ettt ittt
TYr —omme s es s

Val ~ —=-mmmmmemmesees e
Met —-mmmmmmmmmmmmsem e o
Trp/Ile ==—==—=m—— oo
Phe Bt et
Lew - ------s-mmmmmmmem e
0rn mmmm e e
Lys s e
TOTAL 0.052 0.158 BLD BLD BLD 0.071 BLD

Date: 12.2.87 DCAA's

Sample Neo.

a.a. 1 2 4 5 )
Asp 0.198 0.116 0.097 0.147 0.042
Glu 0.112 0.057 0.086 0.060 0.038
Ser 0.208 0.072 0.100 0.220 -----
His = ------=-c el
Gly 1.352 1.480 1.285 1.677 1.618
Thr  —===emmmmrmmme 0.053 0.106
Arg 2 -
Ala 0.155 0.141 0.092 0.124 0.046
Tyr 0.113 -----==—-—- 0.035 0.019
Abu @ - ————————— o
val 0.275 0.083 0.176 0.236 0.136
Met  -—-—---————————————————— -
Trp/Ile 0.133 0,052 --—=--eccmmcmcma—o
Phe 0.126 --—---=—m——momwo e
Leu 0.116 -----————=—=emmm—mmee
orn  --mmemeet e
Lys  ~-——--=-cw=a- 0.168 --—-——=--e-——-

TOTAL 2.788 2.001 2.004 2.552 2.00%
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Date: 19.2.87 Day:477 DFAA's.

Sample No.

a.a 10 9 8 7 6 5 4
Asp -==m=—==--- 0.056 -—-=------o----- 0.032
Glu  —mmmmmmeee- 0.033 ~=--m---mmmmmmmmeme e
Ser ----- 0.072 0.291 ---=--see-e--ee- 0.030
His It bbbt e B
Gly -------=--- 0.223 ------s--mom—mmoooemeeo
Thr  -==-=--m--- 0.036 -———=----s-msomso—se——ae
Arg ----------- 1
Ala  —mmmmmm e e
Tyr --—-----—-- T R
Abv -
Val] -=----eeeeees e
Met  =-=---—mmmmm e
Trp/Ile--==mmmm o e e
Phe  -==----mmmmmm e s
Leu  ---=-s-esomemmm e e
16 3 B e
Lys  —mmmmmmmm e e e

TOTAL BLD 0.072 0.745

Date: 19.2.87 DCAA's

Sample No.

a.a. 10 9 8 7 6

Asp 0.100 0.108 0.212 0.135 0.148
Glu 0.066 0.081 0.352 0.081 0.118
Ser 0.070 ----- 0.280 0.131 0.151
His  =====-=-mmmmmeee e
Gly 0.710 0.355 0.576 0.272 0.382
Thr 0.056 -——-—-=-mmmmmm——o 0.114
Arg - mmeme e
Ala 0.057 0.083 0.257 0.089% 0.136
Tyr  -=----c—mmmmmeeee 0.021
Abu e
Val 0.071 0.051 0.221 0.066 0.328
Met  -——----mmmmsmmddd e
Trp/Ile~===w=——euee- 0.117 ----- 0.084
Phe - -=-———--->==- 0.063 ------emmo
ley  -==------eoe- 0.043 -~=--- 0.07¢
1222 e b 0.243 -----=emeoo-
Lys  -—=--m———ee—- 0.116 0.132 0.125
TOTAL 1.130 0.678 2.480 0.906 1.677
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Date: 2

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

vVal

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

Date: 2

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
Val
Met
Trp/Ile
Phe
Leu
Orn
Lys
TOTAL

- ——— . - — = T —_—— . - ———— Y ———

. — o i —— — —— —— T ——— . —— WP -} —— —— - ——

- o o  — — ———  ——————————— - ——— S —

L - — — —— —— — ——— —  ———— " - ———— T ———— T —— —

———— i ————— T —— —— T —— . =" ¢ ——— - - ——

. ——— - ————

6.2.87 Day:484 DFAA's.
Sample No.

1 2 3 4
0.131 0.057 0.089 0.068
0.058 0.037 0.045 -----
0.268 0.239 0.429 0.341
0.207 0.214 0.327 0.266
------------------- 0.063
0.081 0.054 0.079 0.105
0.036 0.028 0.034 0.042
0.041 0.035 0.043 0.034
0.048 ----- 0.044
0.093 0.161 0.144
0.963 0.825 1.234 ¢.919
6.2.87 DCAA's

Sample No.

1 3 4 5
0.088 0.062 0.122 0.576
0.252 0.232 0.308 1.083
O.;44 ----- 0.098 1.047
0.653 0.406 0.516 1.830
0.123 0.103 0.123 0.162
------------------- 0.192
0.134 0.106 0.116 0.422
0.139 0.122 0.083 0.256
-------------------- 0.175
-------------------- 0.208
0.053 0.044 0.068 0.276
------------ 0.143 ¢.286
-------------------- 0.228
1.586 1.075 1.577 6.741
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Date: 5.

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

Val

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

Date: 5.

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

vVal

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

3.87 Day:491 DFAA's.

Sample No.

1 2 3
0.122 0.196 0.204
0.083 0.108 0.087
0.585 0.935 1.115
------------ 0.180

0.275 0.437 0.517
0.073 0.146 0.128
------------ 0.084
0.122 0.186 0.257
0.038 0.094 0.092

3.87 DCRA's
Sample No.
1 2 3
0.155 0.218 0.243
0.46% 0.655 0.745
0.047 0.073 -----
0
1
0

.362 0.266

4 5 6 7
0.113 0.108 0.164 0.256
0.054 0.064 0.090 0.068
0.608 0.652 0.953 1.538
------------------- 0.249
0.366 0.424 0.482 0.965
0.053 0.119 0.138 0.242
0.152 0.152 0.219 0.352
0.067 0.056 0.064 0.100

—— - ———— — — ———— — —————— —— - —

o ————— =t ————— —

0.074 =—-—=-==---—v 0.102
0.229 0.139 0.323 0.443
------------------- 0.098
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Date: 1

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

vVal

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

Date: 1

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

Tyr

Abu

Yal

Met
Trp/Ile
Phe

Leu

Orn

Lys
TOTAL

2.3.87

Day:498 DFAA's.
Sanple No.

8

1
0.102

6 . 5 4 3
0.046 0.046 0.041 0.038

———— - ———  ————— i ————— T i - ————— ———

- — — — ——— - Y —— —— — ——— T —— - . D = = = —

- —— v ——— ) i v ———————— - " ——— —— " —————

e ———— ——————  —  — ————— —— - —— - ——— o — . o o ——

e ————— - —— ———— o ———————— ——— . " e

o — ] —— ———— — - ——————————— A ——— -

0.687

2.3.87 DCAA's
Sample No.

9
0.082

0.761

8

0.208"

7
.287

0.418 0.320 0.317 ¢0.121

. ————— . e e - ——

—— A ————

- ———— - -
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Date: 19.3.87 Day:505 DFAA's.

—— i -

Sample No.
a.a. 1 2 3
Asp 0.112 0.091 0.199
Glu 0.079 0.059 0.235
Ser 0.668 0.543 0.637
His  =~=-=--- 0.291 0.210
Gly 0.392 0.322 5.033
Thr 0.114 0.096 0.170
Arg 0.097 ----—- 0.920
Ala 0.152 0.138 0.589
Tyr 0.052 0.039 0.203
Aby - 0.050
Val 0.103 0.048 0.179
Met — ————mme—————- 0.082
Trp/lle ~==--=———m-= 0.197
Phe 0.055 ~==w- 0.143
Leu 0.079 ----- 0.322
Orn 0.289 0.157 ------
Lys  -———-———-—-- 0.203
TOTAL 2.184 1.784 9.370
Date: 19.3.87 DCAA's

Sample No.

a.a. 1 2 4
Asp 0.222 0.052 0.149
Gliu 0.496 0.2356 0.238
Ser = ---m--m---e---- 0.018
His —=—==-e—m—mmmmeeeem
Gly 0.374 0.134 0.563
Thr 0.010 0.040 0.168
Arg e
Ala 0.082 ----—- 0.106
Tyr  ~--—---mmmmcdme e
Abu @ e
val 0.133 0.060 Q.236
Met -
Trp/Ile 0.099 0.047 -----
Phe  —===sesmem e -
Leu 0.081 0.108 0.073
Orn  ==--- 0.074 -----
Lys  —-—-m-mmmemmm e
TOTAL 1.497 0.7%1 1.551

—— — " —

s — —————— —

B.37




Date: 1.4.87 Day 518. DFAA's.

) Sample No.
a.a. 1 2 3 4 5
Asp mmmmmm——=se= 0,075 -----mmmee-
Glu  ~=seeesee e
Ser  -omwemm------- 0.216 ----- 0.048
His  -=------ommmmommmeme e o
Gly,.  --——--—----- 0.052 ------—----
Thr  ======me—esoemmmmmm e
o« B
Ala  -—--—-=—--—- 0.122 ---—---—----
TYr  mememeem e
Abu  m--mmmmmmmmeeemssssseces e
Val  ------mmmememme -
Met  -—--—-—-mmmmmmmmememe e
Trp/lle-=-===----=---——=————— e ——m oo
Phe  -----------eomeee—- —m—mmmm -
Leu  --==-m-mmommmmmmmemmmm e
Crn ———e—e——— - 0.292 --—----~-——-

TOTAL BLD  BLD 0.757 BLD 0.048

Date: 1.4.87 DCAA

Sample No.

a.a. 1 2 3 4

Asp 0.102 0.126 0.038 ©.135
Glu 0.088 0.182 0.146 0.120
Ser 0.035 0.127 ----- 0.003
His  =-===—-—mmmmmm e
Gly 0.677 0.575 0.917 0.899
Thr 0.040 0.024 0.096 -----
Arg @ ---memmemmmme e e
Ala 0.079 0.145 ----- ¢.062
Tyr 0.077 0.107 0.076 0.082
Abu e e
val 0.012 0.052 0.167 ==-=--
Met  ---—-—————————————————-
Trp/Ile 0.145 ——=~=cececea-- 0.176
Phe 0.082 ----mmmmmmmmmemeee -
Leu  -———=--cccccccm e
Oorn  ~--—--mmremmmmm e -
Lys 0.318 ----- 0.220 0.274

TOTAL 1.655 1.388 1.660 1.752
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Date: 15.4.87 Days.532 DFAA's.
Sample No.

a.a. 1 2 3 4 5 6

Asp  —-mm—m—————- 0.054 0.028 0.036 0.018
Glu  ----———————- 0.055 0.034 0.041 0.047
Sser  --m----——mmmm—mee——— e 0.071 C.068
His  --===-—— e -
Gly == mmmm et
Thr B it
Al  —-mmsmmeessmsscee e e
Ala, - e
Tyr e o

Val = ~=emmmmmmmmmsseceme e
Met — —-mmermmems e
Trp/lle--—=—=====oso o e ee
Phe  —==-=-mmmmmmemmem e
Leu  -====--oemmmemmmm e

TOTAL BLD BLD 0.109 0.062 0.148 0.133

Date: 15.4.87 DCAA

Sample No.

a.a. 2 k] 4 5

Asp ¢.216 0.074 0.069 0.053
Glu 0.167 0.075 0.065 ©.046
Ser 0.536 0.072 0.024 -----
His 10,324 e
Gly 1.374 1.087 0.512 0.323
Thr 0.189 0.052 0.07% -----
Arg mesesmmmmmemmmee e
Ala 0.252 0.109 0.054 0.083
Tyr 0.022 0.093 0.021 0¢.058
Abu e
val 0.139 0.142 0.07¢ 0.129
Met —=--mcmmmecmnire e
Trp/Ile ——==---m—mmm e
Phe 0.188 ------———rmmma————o
Leu 0.065 0.105 --—-—-=-—u----
Orn 0.173 ---——-—emmmeeeee
Lys —---mmsemsmecmcmemeeee e

TOTAL  3.645 1.809 0.896 0.692
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Date: 23.4.87 Days.540 DFAA's.

a.a.
Asp -
Glu -

Sample No
1 2
----- 0.028

3 4 5 6 7
0.036 0.049 0.031 0.022 0.054
0.059 0.0483 0.052 0.034 0.059

Ser o m-mmmmmmme e e -

His

- —— ————————— — ————— o ————————

Gly = e e e
Thr  —mmvmm s e e
AL Tt e e
Ala  mmmmmmmmmm oo 0.088
TYr  —-==== - e
AbU e e
Va]  mmmmmm e e
Met  —-=m-mm e e

Trp/Ile

- e —— ——

Phe  -==-e-ewee--eemee o
Lew ---emmmemmomm e e e -
L 3 e
Lys mmommmmmmmmme e e e e

TOTAL

Date: 2

a.a.
Asp

Glu

Ser

His

Gly

Thr

Arg

Ala

TYT

Abu

Val

Met
Trp/Ile
Phe

Leu

orn

Lys
TOTAL

BLD 0.028

3.4.87 DCAA

0.095 0.097 0.083 0.056 0.201

Sample No.

1 2
0.063 0.038
----- 0.065

- —— o —— —————
- —————
——————— -
- ———— o ——

1.042 1.989
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Date: 30.4.87 Days.547 DFAA's.
Sample No.

.a.a. 1 2 3 4 5
Asp 0.027 --==----=aa- 0.048 ---—---
Glu ----- 0.03} -
Ser  —----=s----- 0.054 ---=---=-----
dis e e it
Gly -—-—--———mmmmmmmmm e
Thr -

Val  m--mmmmmemmmmmmem e
Met -———rremmeeemeee e ————
Trp/Ile-===----—-—-—————— e —ea——
Phe -------r---—eeeoemme e
Leu  =e----secsesecceee e — e e e
10 0 el
Lys -———-—-—=-m-mmmmemm s m s
TOTAL 0.027 0.033 0.054 0.048 BLD

Date: 30.4.87 DCAA

Sample No.

a.a. 1 2 ] 4

Asp 0.109 0.118 0.118 0.076
Glu 0.198 0.099 0.163 0.207
Ser 0.104 0.082 0.007 0.044
His 0.282 ----- 0.274 -----
Gly 0.813 0.356 1.169 0.474
Thr  ----- 0.082 ----- 0.045
Arg = -mmmmmmmmmeee e
Ala 0.074 0.052 0.084 0.094
Tyr 0.030 0.045 0.0 --—-—-
Abu e
Val 0.050 0.018 0.214 ¢.008
Met -------mmmmeomescmemee e
Trp/Ile -~=====mc——o——m oo
Phe = -------emsemmecee—eeeeeo
Ley W  ——=m-mmmmmmseooooscmeseceaa——
10 2 ¢ e e b
Lys  -==-=meemmemmmmmmmeee

TOTAL 1.660 0.852 2.06] 0.948
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Date: 7.5.87 Days.554 DFAA's.
Sample No.

a.a. 1 2 3 4 5 6
Asp —----—---m--- 0.028 ~----------- 0.029
Glu - m-mme—emeem— 0.027 ----- 0.032
Ser m---—---————- 0.064 ---==----—-- 0.097
dis  s--mmmmmmmmmm e
Gly —=-----mommmmmmmmmeeesommmmmme e
Thr  -===---—mm—eemmem e -
Arg - -m-mmmmmemeeee e e

Val  —e--esmssessessesese———e——eeeeo oo 0.061
et -----------—--——-om——m—mm— o e—mo oo
Trp/lle-=---=-ccem e
Phe  —=smorm-mmmmmme e

TOTAL BLD BLD 0.092 0,027 BLD 0.219

Date: 7.5.87 DCAA

Sample No.

a.a. 1 2 3 4
Asp 0.174 0.096 0.101 0.173
Glu 0.158 0.102 0.170 0.112
Ser 0.204 0.128 0.084 0.1135
His  ----- 0.147 0.184 0.221
Gly 0.406 0.996 0.588 0.456
Thr - 0.045
Arg  --——---c-———m e 0.072
Ala 0.156 0.101 0.152 ------
Tyr  -——-----mmmormmsme e
0 < e
Val 0.234 0.222 0.080 0.121
Met  ---------ssemm-oo——mo——o—ome oo
Trp/lle —=====--=se—o——mmm oo
Phe = —-------mmmmmmmemeee e
Lew W --——--m=memsememmmme— e oo
Oorn  ---eeeesmommommssmsecseeee—o—o
Lys  --==---mmemmmmmmme—e——m—mmmmoes

TOTAL 1.332 1.792 1.359 1.335



Date: 14.5.87 Days.561 DFAA's. .
, Sample No.

a.a. 1 2 3 4 S
Asp  meemmossrososssommm——se———-
Glu  -mmmmmmmm——eme———o—————--e-
Ser  -mmmemesmmm—memme——o—- 0.042
qis  ------mosssssssssss—oo-oee-
Gly — ====-----ssemmsssse——oo-——--
Thr  ~====----—mmm—mmm oo
Arg  ----eeessmmmso——os——eso—-o-
Ala  -=mmmemmmmmemoomsosooe-oo-e-
Tyr - mmmmmmmmmmmmm oo
Abu  --meeemmemes———e—eme -
Val  -------esresesmecreaee e
Met  =====----—------—-—————— -
Trp/lle----======----=-—o—o—-———--
Phe  --------------mmooooooooooo

Lys  ~=—=m——----mmmmmmmmmmm oo
TOTAL BLD BLD BLD BLD 0.042

Date: 14.5.87 DCAA

Sample No.

a.a. 2 3 4

Asp 0.208 0.124 0.148
Glu 0.126 0.062 0.073
Ser 0.634 0.140 0.308
His —=========-- 0.163
Gly 1.459 0.968 0.938
Thr  —==---mmmmmmmmmmome-
Arg  ---—————-—-——-—--
Ala 0.258 0.088 0.163
Tyr  --——————---- 0.045
Abu meemmmememsee———om—eo
val 0.274 0.218 0.119
Met —w---mmmemme—aeee——ae
Trp/Ille =====v=s-=scecoaa——u-
Phe e — i —— e
Leu  --——----mo-mmmmooooeo
Orn 0.319 ----—-—- 0.256
Lys  =-=---mmmmssmmememeo

TOTAL 3.278 1.600 2.213
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Date:

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
Val
Met

21.5.87. Days.568 DFAA's.

Sample No.
1 2 3 4
0.075 ----- 0.039 0.069

o ———— -k
- ————— ————————

Trp/ile-----=--====--=—--o——————-

Phe
Leu
Orn
Lys
TOTAL

Date:

a.a.
Asp
Glu
Ser
His
Gly
Thr
Arg
Ala
Tyr
Abu
Val
Met

R e

0.668 0.041 0.149 0.256

21.5.87 DCAA
Sample No.

Trp/lle ————————-c-mmmmemm o

Phe
Leu
orn
Lys
TOTAL

e s e el —————

—— s —— . A . ———

- ——

- -

B.44




APPENDIX TTI.

The Calculations Used to Produce the Graphs and Tables

in Chapter 5 from the Raw Data in Appendices I and II.

i/. Table 1 below is a data set taken from Appendix I.
Column 3 headed DFAA ( dissolved free amino acids ) 1is-
the sum of the 1individual amino acids present in that
sample. The six DFAA values for this data set have been
averaged. The average values of each data set over the
sampling period have been plotted producing a graph of
average total dissolved free amino acids levels per batch
of samples. (Fig 5.3a, Chapter 5}). The same process was
repeated for the dissolved combined amino acids, (column 4
DCAA), and the average values for eaéh batch of samples
can be seen in Fig. 5.3b, Chapter 5. These batch averages
were then grouped in months and averaged to give the
mon;hly average levels of the 2 fractions ( Figs. 5.4

a+b, Chapter 5).

ii/. The calculation of the ratio of dissolved combined
to disscolved free amino acids was performed as follows:
Column 6 of appendix I is the DCAA level divided by the
DFAA of that sample. These values are then averaged for

the month giving rise to Fig. 20, Chapter 5.

iii/. Use of data in appendix I to determine what
percentage of Total dissolved nitrogen (TN) and dissolved
organic nitrogen (DON) was present as amino acids. Column

C.1



5 of appendix I is the sum of columns 3 and 4 and is the

total dissolved amino acid level of the sample (TAA). TAA .

is divided by total dissolved nitrogen or dissolved
organic nitrogen 1levels and multiplied by 100. Columns 7
and 8 respectively. The data for TN and DON values are
taken from Butler et al 1979. Again, the wvalues were
grouped into month and averaged to produce Figs. 5.21b

and 5.22b.

Table 1. Taken from Appendix 1.

Date: 15.7.86 Days. 258
Column number.
1 2 3 4 5 6 7
No. Location DFAA DCAA TAA Ratio %TN
{======- uM--—-=—-==-=- > (10.0) (
{=———-uM-
1 Mallard B. 0.197 ----=-=- ————-- - --
2 Melampus B 0.192 1.647 1.839 9 18
4 W. End BW. 0.166 -—-=-—-=-=  «c———- - --
5 Enapp B. 0.217 ----=-—= —=——=— - -
8 A2.5 C34.5 BLD 1.760 1.760 > 46 18
11 E. End BW. 0.193 1.530 1.723 8 17
Average Values.. 0.161 1.646 18
Nc. of Samples. 6 3 3
CVs 50 7

Figures for the concentration of individual amino acids
in each sample of the data set <c¢an be found in Appendix
IT an example of such a sheet of data which relates to

Table 1 above, can be seen in Table 2 below.

8
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TABLE 2. A data sheet from Appendix II. A1l figures
quoted are in umoles/l.
Date: 15.7.86 Day:258 DFAA's.
Sample No.

a.a. 1 2 4 5 8 11 Av TOTAL
Asp 0.039 0.023 0.008 0.034 -~---- 0.026 0.022 0.130
Glu 0.080 0.045 ==--- 0.049 -~-=---- 0.043 0.036 0.217
Sser  ----- 0.081 0.123 0.093 —-==--- 0.066 0.060 0.363
His —====---m—mmmmm e e
Gly 0.078 -~ e - 0.013 0.078
Thr  ~—=—~— - e -
Arg T o T o e s e -
Ala  -—-——- c.043 0.035 —-—-————=—~=—-- 0.058 0.022 0.136
Ty | s e e e e e e e e e e e e e e e — - -
Abu e —————————— -
Val - 0.041 --—-——==oeec-—- 0.006 0.041
Met  ---------- - e
Trp/Ille - oo m o e e e e e e e e  —  ———r e — e —
Phe = —==-----meemm e e e
Leu  ~-—--=----mmmmm e e -
Orn @ —--— s s e e e e
Lys === --=--e--—m e - -
TOTAL 0.197 0.192 0.166 0.217 BLD 0.193 0.965
Date: 15.7.86 DCAA's.

Sample No. Av TOTAL
a.a. 2 8 11
Asp 0.132 0.227 0.211 0.190 0.570
Glu 0.088 0.168 0.138 0.131 0.394
Ser. 0.117 0.239 0.168 0.174 0.524
Glc/His 0.262 0.233 0.229 0.241 0.724
Gly 0.502 0.454 0.444 0.466 1.400
Thr 0.165 0.138 0.176 0.159 0.479
Arg 0.093 ----—m——————- 0.031 10.093
Ala 0.111 0.268 0.086 0.155 0.465
Tyr 0.022 0.033 0.032 0.029 0.087
Abu s e e e
val =  —--mem——————- 0.013 0.004 0.013
Met - =
Trp/Ile 0.101 ---———===-=—- 0.033 0.101
Phe  --—----rmemmrr e e -
Leu 0.054 -~=——- 0.033 0.029 0.087
Orm = mmmmmmm e e -
Lys -
TOTAL 1.647 1.760 1.530 4.937



iv/. Use of appendix II to determine individual amino
acid 1levels over sampling period. The columns labelled
Average (Av) and TOTAL in Table 5.2 above are not
specified in Appendix II but are shown here to illustrate
how data has been processed. The total concentration of
each acid 1is found by summing the valués in the data row
corresponding to that acid. The total is then divided by
the number of samples to préduce an average value for the
acid. These average values are plotted to give a graph of
the individual amino acid levels over the sampling period

(Figs.5.5 to 5.19 a+b).

v/. How the data in appendix II was used to calculate
percentage composition figures. The total concentration
of each acid 1is calculated as shown in iv/. above i.e.
the row corresponding to the acid is summed. To
determine the percentage composition of an acid e.g.
aspartic acid (Asp) the total level of (Asp) is divided
by the grand total (sum of all the amino acids ) and
multiplied by 100. These results were grouped into
monthly figures and averaged to produce Figs. 5.38 to

5.56.

vi. How the data in appendix II was used to calculate the
"disappearence"” wvalues quoted in chapter 5. The average
values for the free amino acids was added to the average
value for the same acid in the combined fraction giving a
total amino acid value. e.g. if aspartate had an average
value of 5 umoles/l in the free fraction and 15 umoles/l

c.4



in the combined fraction the total amino acid content for
that acid would be 20 umoles/1. The disappearance value
was calculated by dividing the 5 by the 20 and
multiplying by 100. i.e. 25 percent of the aspartate was
left (assuming the total amino acid content to be 100
percent). Therefore 75 percent of the aspartate had
"disappeared". This process was repeated throughout
Appendix II and a 1list of "disappearance" values was
obtained. The range and average values were then
calculated for the acid and are reported in chapter 5.

The process was repeated for all the acids.
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ABSTRACT

An investigation into the conditions necessary to determine accurately the amino acid com-
position of the dissolved combined amino acid (DCAA) (raction of sea water was undertaken.
Maximum recoveries were obtained by hydrolysing sea water samples in 6M HCl in tubes
evacuated to 0.05mm Hg pressure and heated at 110°C for 16 h.

Full details of the method are reported. together with environmental data indicating the range
of total DCAA found in the coastal waters off Plymouth, U.K. The need for further studies of this
fraction in the context of phytoplankton nutrition is commented upon.

INTRODUCTION

In recent years it has become apparent that in the marine environment,
studies of primary production should take account of not only the dissolved
inorganic nitrogen nutrients but also the dissolved organic nitrogen
compounds (Butler et al., 1979).

The importance of the biota-related organic nitrogen compounds which are
present in relatively high concentrations in the waters of the euphotic zone,
particularly during the summer months, was emphasized in the report of the
Royai Society Study Group on the Nitrogen Cycle of the United Kingdom (The
Royal Society 1983). Until recently little was known about the nature of these
compounds but the development of HPLC has enabled a number of them, such
as the dissolved free amino acids (DFAA) to be quantified (Lindroth and
Mopper, 1979). The role of DFAA in the growth of phytoplankton has recently
been reviewed (Flynn and Butler, 1986). A significant portion of the remaining
unidentified organic nitrogen is contained in larger molecules with molecular
weights ranging from 300 to more than 50000 (Ogura, 1977). This high
molecular weight fraction contains compounds such as polypeptides and

0048-9697/68/303.50 D 1988 Elsevier Science Publishers B.V.



216

TABLE 1

Reported free and combined amino nitrogen levels in sea water

Levels (udD Ratio Ref. Hydrolyvsis
of method
Dissolved Dissolved DFAA
free combined to
amino amino DCAA
acids . acids
(DFAA)Y (DCAA)
0.56 101 7 Siegels and Degens 6 M HCL 22 h
0.72 1.35 3 {1966} Reflux
0.77 1.87 2
0.50 1.29 3
0.58 2.40 ]
0.04 0.40 10 Lee and Bada (1975 6AM HCL 24 h
0.12 1.20 10 Reflux
0.306 0.93 J Daumas (1976) No details
0.306 0.654 2
0.07% 1.371 20
0.468 0.472 1
0.561 1.051 2
0.013 0.173 12 Lee and Bada (1979) 6M HCI, 24 h
0.013 0.180 12 Reflux
0.386 0.619 2 Garrasi et al, S HCL 22 h. 110°C
0514 0.857 2 (1879 Glass ampoule flushed
0.362 0.633 2 with N. and sealed
0.318 0.372 1
1.067 4.534 4 Bolter and Dawson 87 HCl mixed 1:1
(1982) with seawater
110°C. 22 h
0.017 0.49 29 Henrichs and 6 Af HCI, 110°C
0.013 0.48 37 Williams 24 h. Glass ampoule
0.094 1.06 11 (1983) flushed with N, and
sealed

proteins and although it is improbable that such compounds are directly
utilised by phytoplankton, the natural processes in the marine ecosvstems
results in their breakdown to simpler molecules such as amino acids which can-
be utilised. The nitrogen content of the high molecular weight fraction is
therefore of importance when all the possible nutrient nitrogen sources are
being considered in studies of primary productivity. A number of workers have
measured the level of amino-nitrogen in this fraction and examples of the
results found are given in Table 1. As Table 1 shows. the method most
commonly used to determine combined amino-N levels has been to hydrolyse
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the filtered sample with concentrated hydrochloric acid and then determine the
total amino acid (TAA) level. The dissolved combined amino acid (DCAA) level
is then given by the difference between the TAA and the dissolved free amino
acids (DFAA). This difference method is used since the levels of DCAA
compounds found in the sea water are far below the limits of detection of the
methods currently used to measure such compounds directly, e.g. protein
determination by biuret. Also. a knowledge of the amino acid composition of
the macromolecules is required for environmental studies.

In our own studies we have used the hydrolysis method to investigate the
level of nitrogen contained in the unidentified organic N fraction in the
English Channel, but experienced a variety of difficulties "vhen using these
published methods. We therefore carried out a series of exper:ments with the
objective of developing a reliable method and in this paper we describe the
results of our studies.

The main difficulty in method development was due to the low concen-
trations of naturally occurring free and combined amino acids in sea water,
which are often at picomole levels. It is not possible to use a concentration step
prior to an analysis as this can cause losses or contamination of the analyte
(Garrasi et al., 1979).

EXPERIMENTAL
Development of the method

Dissolved free amino acids )

Amino acid analysis was carried out by the method of Evens et ai. (1982) with
the following modification. A Waters 420 C detector was converted 1o a 420 AC
detector with a resultant increase in sensitivity. The limits of detection and
precision at two levels are shown in Table 2.

Dissolved combined amino acids

Initially the samples for estimating the combined amino acids were
hydrolysed at atmospheric pressure in a semi-sealed reflux apparatus using 6 M
hydrochloric acid at its boiling point. This procedure gave unreliable results,
one of the main problems being high blanks. Further studies showed that these
high blanks could be partly accounted for by a contaminant in the deionized
double distilled water used in the blank hydrolysis procedure. The con-
taminant was found to be an amino-acid-containing macromolecular species
which could be removed by filtration through a 0.45um filter. Similar con-
taminants in deionized double distilled water have been reported by other
workers (Samata and Matsuda, 1986). However, even when this particular
contaminant had been removed by filtration the blank values obtained were
still of the same order as the naturally occurring levels of dissolved free amino
acids in seawater and furthermore the blank level results we:e not repro-
ducible (Table 3). [t was concluded that the high blank values were due to an
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TABLE 2

Limits of detection (LOD) and precision {Coefficient of variation (CV)| at the levels of 6.6 pmol
(0.08 1M ) and 19.8 pmol (0.25 M) for each amino acid in seawater

Amino LOD (pmol) CVat6é CV ac 19.8
acid pmol level pmol level
(%) (%)
Asp 2 10 4
Glu 1 11 13
Ser 4 17 9
His g BLD 16
Gly 6 38 35
Thr 6 97 3
Arg 6 39 11
Ala 2 4 4
Tyr 1 b 6
Abu 2 15 7
Val 1 7 4
Met 4 4 t
Trpflie 4 110 7
Phe 6 90 9
Leu 4 94 7
Qrn 10 BLD 5
Lys 10 BLD 15

BLD = below the limits of detection.

pmol values refer to the amount chromatographed. yM values refer to the concentration in the
sample solution. These two values are related by a factor derived from the experimental procedure.

aerial contaminant.

Another problem with this hydrolysis technique was that when it was
carried out using water spiked with free amino acids. recovery of some of these
acids was very poor. These low yields are probably due to decomposition under
the harsh conditions of the acid hydrolysis (Hunt, 1985) (Table 4). As far as we

TABLE 3

Duplicate procedural blanks (PB) obtained using 0.45 um filtered deionized double distilled water
which had been hydrolysed in a semi-sealed reflux apparatus

Date Blanks: TAA (uM)
8 Jan 86 2.203. 2.118

21 Jan 86 1.230. 2,590

23 Jan 86 0.952, 1234

28 Jan 86 0.250. 0.164
3 Feb 86 0.066. 0.033

11 Feb 86 1.251. 0.906

25 Feb 86 0.125, 0.106
6 Mar 86 0.645. 1.633
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TABLE 4

Percent recoveries of free amino acids (29 pmol. 0.36 uAf) which have been subjected to hydrolysis
conditions using different methodologies

Amino Reflux Sealed tube Evacuated sealed
acids tube (0.03mm Hg)
Asp 29 0 112
Glu 24 0 118
Ser 18 0 102
His 0 0 116
Gly 40 0 89
Thr 0 0 125
Arg 0 0 105
Ala b2 0 111
Tvr 0 0 89
Abu 104 0 79
Val 70 0 97
Met 0 0 0
Trpille 18 Q 90
Phe 0 0 68
Leu 48 0 76
Orn 0 0 57
Lys 0 0 52

are aware detailed experimental studies of the hydrolvtic iosses of amino acids
in sea water have not been reported.

[t is possible that some of the reported results obtained by this often-used
technique may be influenced by these problems, especially those with the
picomolar levels found in natural sea waters.

Due to the problems with blanks and losses on hydrolysis outlined above.
attention was then turned to hydrolysis using a sealed-tube method which
eliminated exposure to the air. Initial results were encouraging as apparently
amino acid-free blanks were obtained. However, under these conditions added
free amino acids at the 29 pmol (0.36 umolar) level gave zero recoveries,
indicating extensive degradation. (Table 4, column 3). Degassing of the sample
with helium or flushing with nitrogen were without effect.

The main difference between the reflux and the sealed-tube methodologies is
the pressure developed in the apparatus during the hydrolvsis process.
Therefore, determination of blanks (Table 5) and recoveries of free amino acids
(Table 4, column 4), were repeated using a technique where pressure was
reduced to 0.05 mm Hg before the tubes were sealed.

The problems of contamination in trace level work have been emphasized
earlier in this paper. For environmental results to be meaningful the natural
levels must be at least twice that of the blank. For DFAA work the blanks
obtained are below the limits of detection of th,» method (Table 2). The increase
in operations necessary to hydrolyse a protein results in a higher PB for TAA.



220
TABLE 5

Within batch (column 1) and between batch (column 2) means and coefficients of variation (CV) for
procedural blanks obtained by evacuated sealed tube hydrolvsis

Column 1 Column 2
Amino Mean of three Amino Mean of 20
acids analyses (uM) acids analyses (M) ]
Asp 0.083 Asp 0.084
Glu 0.073 Glu 0.080
Ser 0.192 Ser 0.175
Gly 0.087 Gly 0.122
Ala 0.102 Thr 0.014
Total 0.537 Ala 0.096
cv 3.29% Tyr 0.004
Val 0.034
Phe 0.002
Leu 0.019
Total 0.644
cv 33%

The evacuated sealed-tube hyvdrolysis method gives low reproducible blanks
and high recovery of added free amino acids. The next stage of the investi-
gation was to evaluate the hvdrolysis procedure with respect to the percentage
recovery of amino.acids from a sample containing known amounts of dissolved
combined amino acids. This was achieved by hydrolvsing a protein with known
amino acid composition (Bovine Serum Albumin, BSA) under various
conditions (Table 6). An aqueous solution of BSA at a concentration of
3 x 107"g ml™' was selected for these studies since it contains DCAAs at
approximately the same order of magnitude as expected to be present in the
environment. Bovine Serum Albumin was hydrolyvsed in UV.irradiated
seawater to examine the effect of the nitrate on combined amino acid
recoveries. Pure water, seawater and UV-.irradiated seawater all gave similar
results. Addition of nitrate to 36 umolar, the highest level normally encoun-
tered in estuarine waters and approximately three times greater than normal
seawater. resulted in negligible recovery of amino acids from added protein.
Both the reflux method and the sealed tube method gave recoveries of ~90%
at the 1 mg ml "' level. However. this is several thousand times greater than
that present in sea water. Further pressure reduction or changes in the sampie
volume were without effect on the results of PBs. the recoveries of amino acids
at the added 29 pmol level or the recovery of a.a. from BSA hvdrolvsed at the
3 =« 1077gml ' level. Hydrolysis of BSA atalevel of 3 x 10" gml~'yieldsa.a.
at a theoretical level approximately equal to that of the added 29 pmol level
(Table 6. column 1). A comparison of Table 4 with column 5 of Table 6 shows
that at this level some amino acid losses occur during the degradation of the
protein, since recoveries of added amino acid are generally better than the
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Percent recoveries of amino acids obtained by acid hydrolysis of BSA (at different levels) in sealed
tubes under various conditions

Amino Column
acid
1 2 3 4 5

Asp 23.0 0 62 57 67
Glu 31.4 0 31 31 63
Ser i1.3 0 114 43 64
His 7.2 0 83 54 50
Gly 68 0 142 110 62
Thr 13.7 0 62 48 70
Arg Il 0 53 73 84
Ala 19.6 0 63 63 65
Tyr 7.5 0 2% 69 69
Val 14.2 0 74 7 59
Phe 11.2 0 44 30 51
Leu 26.0 [H 48 30 36
Lys 24.6 0 51 30 66

Column I: Thecretical level of amino acid (pmol) obtainable from a 3 <« 10°"g ml*' aqueous
solution of BSA (calculated from data given by Haurowitz 1963).

Column 2: Percent recovery of amino acid from BSA. Hydrolysed in ultrapure water at 4 « 10°°g
ml ', 760 mm Hg.

Column 3: Percent recovery of amino acid from BSA. Hydrolysed in ultrapure waterat3 « 10" g
ml-', 0.05mm Hg.

Column 4: Percent recovery of amino acid from BSA. Hydrolysed in seawaterat 3 « 10" g ml~".
0.05mm Hg.

Column 5: Percent recovery of amino acid from BSA. Hydreivsed in UV-irradiated seawater at
3 « 10-"g ml*, 0.05mm Hg.

recoveries from the hydrolysed protein. We were unable to improve upon these
results. The full experimental detail of the hydrolysis procedure are given
below.

Recommended procedures

Materials

The water for preparing all solutions. blanks. washing glassware. etc. was
obtained from a Milli-Q ultrapure water unit.

Aristar Hydrochloric acid and reference amino acids were cbtained from
BDH Ltd. Poole, England.

Bovine Serum alumin and Alpha Amine Adipic Acid were obtained from
SIGMA Ltd. Poole, England.

Hvdrolysis procedure
(i) Pyrex test tubes measuring 150 x 18 mm were cleaned by immersion in
10% HCI! overnight. They were then rinsed many times in MilliQ water and
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allowed to drain in an inverted position.

(i1) A constriction ~ 3 mm in diameter was made 2 cm from the rim of the tube
using a glass lathe.

(i11) The batch of constricted tubes was then placed in an inverted position
in a beaker. The beaker was covered with aluminium foil to prevent contami-
nation and placed in an oven. The oven temperature was raised to 360°C over
a period of 30 min and was maintained at that level for 20min and then reduced
to 500°C for 6 h. The oven was then turned off. The tubes remained overnight
in the oven to cool. This pyvrolysis was necessary to ensure complete removal
of traces of contaminating amino acids.

{iv) The next stages of the hydrolysis procedure were carried out in a fume
cupboard. Clean gloves were worn at all times to prevent contamination of
glassware or sample.

(v) Samples with appropriate blanks were hydrolysed as follows: Aristar
hydrochloric acid (1ml) was added to the hydrolysis tube using a washed,
all-glass syringe. followed by the water sample (or MilliQ water in the case of
blanks) (1 ml) using an all-glass syringe with a Millex GV (0.22 um) flter
attached. Amino adipic acid (100ul of a 1 x 10°*M solution) was added. as
internal standard. using a micropipette with a pre-rinsed plastic tip. The
solution was degassed by bubbling helium through it (2 min} using a previously
cleaned glass capillary tube. After degassing, the samples were frozed by
immersion in liquid nitrogen. The sample tubes were then evacuated to a
pressure of 0.05 mm Hg and sealed at the constriction with a lame. Hydrolysis
was carried out in an oven at 100°C for i16h.

(vi) After hydrolysis the tubes were immersed in liquid nitrogen and opened.
The contents were carefully poured into a clean 10 ml round-bottomed flask and
the hvdrolysate evaporated to dryness on a rotary film evaporator. Final traces
of moisture and hvdrogen chloride were removed by vacuum desiccation over
potassium hydroxide for at least 15 h. Following release of the vacuum, 1 ml of
ultrapure water was added to each round-bottomed flask and a 500 ul aliquot

TABLE 7

Results of duplicate sea water hydrolyses and range and average levels for both DFAA and DCAA
over sampling period

Date Dupticate DCAA Average Ccv
analysis (M) (%)

5 Jun §6 2395
2200 2,997 6

12 Jun 86 1.520
1.367 1.443 8

. DFAA DCAA
Range: BLD-9.372 0.246-6.741

Average values: 0.333 1.579
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TABLE 3

Results of DF and DCAA data with other measurements for depth samples for E1. Date 21 Jan 87

Depth Temp. Salinity Si TDN NO, NH, DFAA DCAA
(m) °C) (ug-act 1°") (gmol 171
o 8.90 35.34 2,96 13.71 3.51 1.40 0.364 0.167
5 5.92 35.35 291 10.52 3.33 1.33 0.191 0.358
10 8.92 35.40 297 10.21 4.15 1.20 0.910 1.261
20 8.94 35.36 2.82 10.98 4.06 1.532 0.241 0.952
70 8.92 35.35 2.79 10.46 3.26 1.14 i.1 1.143

Abbreviations used: Si. reactive silicon: NO,;, nitrate; TDN, total dissolved nitrogen: NH,.
ammonia.

analysed for amino acid content.

DISCUSSION

Levels of both DCAA and DFAA have now been regularly measured
throughout the year in the sea off Plymouth and the full results will be
published in a later issue of this journal. Table 7 gives a selection of duplicate
analyses of environmental samples to indicate precision and the range of levels
obtained.

. Table 8 shows the depth profile from International Hydrographic station El.
22 miles off Plymouth in the English Channel. It is clear that, at least on this
occasion, the levels of DCAA were similar to those found for ammonia which
is a normal routine measurement in productivity studies. It also clearly
indicates that both the dissolved free and combined amino acids contribute
significantly to the dissolved organic nitrogen content of sea water. This
emphasizes the need for further studies of the role played by such compounds
as alternative planktonic nutrients.
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