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ABSTRACT

The separation of 20 amino acids has been achieved by gradient elution
and reversed phase high performance liquid chromatography employing
9-fluorenylmethyl chloroformate as the precolumn derivatizing reagent.
The application of this technique to assess the extent of marine
bacterial uptake of amino acids released from kelp has also been
determined. The problem of excess reagent reacting with water to form
a hydrolysis product has largely been overcome. Pentane_ext;action of
the reagent after amino acid reaction caused the loss 65 léss polar
amino acid derivatives. Other factors such as the formation of di-
labelled products and the pH dependance of the derivatization reaction
have been investigated. The reproducibility between-analyses had a
percentage error of 2 - 6%. The stability of the derivatives is about
2 weeks at room temperature. The application to physiological samples
and seawater has been demonstrated. The method was applied to the
study of keip release and bacteriﬁl uptake of .marine amino acids.
Other chemical profiles of amﬁonia,.nitraté, total N, particulate ¢,
together with bacterial activity and bacterial density (biomass) were
determined to provide correlative profiles to the amino acid values.
The.éxperiment was set up with kelp fronds in buckets, some containing
antibiotics to halt bacterial activity, and a control bucket with
untreated seawater. Alanine is the most dominant amino acid fconcen-
tration between 5 and 100 nmol.dm™3). Values of glycine, aspartic
acid, glutamic acid and arginine have mﬁch lower levels. Traces. of
histidine, asparagine, cystine, sefine and tyrosine appeared near the

end of the experiment. It was found that the amino acid concentrations



were low compared with the inorganic nitrogen ‘species. The flux of
these species was found to be too low to create a substantial response,
as the activities are also low compared with normal in-shore regions.
In order to infer more from the processes occurring ;n this study,

we would have to increase the experimental time to the order of days.
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1. INTRODUCTION

1.1 THE ORIGIN AND ROLE AMINO ACIDS PLAY IN THE WATER COLUMN:

FACTORS CAUSING THEIR RELEASE, UPTAKE AND BREARDOWN

Amino acid analyses are essential if we need to determine any
nitrogenous exchange occuring in the sea. The lack of an adequate
understanding of their importance has been limited by the compli-

cated analytical approach involved.

Not only are amino acids the building blocks of life in the sea,
but the; also serve as indicators of the important processes of
decomposition of organic species and the regeneration of nutrients.
Nitrogen can be the critical limiting element in algal growth and
uptake processes in coastal marine waters and the availability of
N-containing nutrients possibly determines the rate of organic
production in the sea (Ryther and Dunstan, 1971). ‘Thél rate of
primary production could be limited by the availability of these
nitrogenous nutrients and -therefore it is important to assess and
'quantify the process involved with these nitrogen compouﬁds

(Hollibaugh et al., 1980).

Important nutrients such as nitrate and nitrite arise from deeper
waters mixing into the euphotic zone. Other nutrients such as
ammonia aﬁd urea are released into the euphotic zone as waste
products of secondary production. Organic nitrogen species

decompose, mediated by marine bacteria, to give off this ammonia
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and also carbon dioxide (Hollibaugh et al., 1980). Certain of
these specific organic species originating from the upper layers,
which are finally decomposed by chemical and bacterial pathways,
can tell us muc'h about the state of the system and whether any
fluctuations in their distribution pattern occur in time and
space. Few such studies of the relationship between these
substances and development of the euphotic community have been

done (Ittekkot, 1982).

Since amino acids are a major constituent of marine organisms they
can play an important rolé in the cycling of organic nitrogenous
material. The oxidation of amino acids by heterotrophs possibly
accounts for a large amount of regenerated nitrogen. (Hollibaugh
et al., 1980.) We therefore need an increased ﬁnderstanding of
the specific ;‘oles that amino acids play in the marine environment
(Siezen and Mégue,- 1978). By observing the amino acids which are
a more specific section of the dissolved organic carbon pool,
inferences can be made about subtle changes within the water
column as regards uptake, release and breakdown processes.
However, these inferences cannot be achieved with certainty when
the analytical technique used ié prone to contamination and or
loss (Lee and Bada, 1975). Once we have developed an analytical
technique that can allow a simple, rapid and accurate assessment
of marine amino acids, we can attempt .to explain the reasons for

the qualitative and quantitative distribution of these compounds.



It is not only important to assess the types and concentrations of
thése components, but also the dynamic role they play. Concentra-
tion and flux data should complement one another to explain the
importance of the pfocesses involved in community energetics
(Hobbie et al., 1968). We therefore would have to design experi-
ments ' to monitor the role of these compounds in these processes.
This could be a "before and after" type asses;ment, or a chemical

labelling technique.

The amino acid composition of organisms is not necessarily related
to those they may supply to théir surrounding environment. It is
quite possible that similarities are due to uptake by organisms
' (Hendrichs and Farrington, 1979). We should always question the
distribution of these species in the surrounding waters and take
into account their origin from all sources, 'be it bacteria,

macrophyte, phytoplankton, zooplankton or from tertiary producers.

There is much evidence to suggest that phytoplankton remove amino
acids from solution to suéply their nitrogen need, and compete with
other organisms such as bacteria and =zooplankton for available
free amino acids (Lu and étephens, 1984). It has been found that
restricting the nutrient nitrogen available to a phytoplankton
culture decreases the nitrogen content of their cells and slows
down the growth rate. This greatly increases the rate of amino
acid uptake (Wheeler et al., 1974). Bacteria attached to particles
of the same size ffaction may be responsible for some uptake as

well, as there is strong evidence to suggest that bacteria and



phytoplankton both compete for the uptake of some amino acids
(e.g. glycine). The contribution of bacteria must be taken into
account when inferences of nett plankton uptake are determined and
vice versa (Wheeler et al., 1974). This inverse relationship is
an important factor +to consider when designing an experiment
similar to the one conducted in this study of kelp release and
bacterial uptake. Furthermore, it has been shown ﬁhat large
amounts of amino acids are released from =zooplankton (Webb and
Johannes, 1976). Rates of production and utilization of these
amino acids by these organisms and their mechanisms of release are

unknown and require study (Lee and Bada, 1975).

Studies of uptake and release must be reconciled in order to explain
the relationship between bacteria, zooplankton and thtoplankton
and the free amino acid pool in the sea. TRelease can arise from
either excrétory organs or from simple release of cell contents.
There are two main theories to explain the apparently wastéful
excretion of dissolved organics. Riley (1963) suggests that
phytoplankton and 'aggregates of organic matter provide a better
source of food for zooplankton than would phytoplankton alone,
which stabilizes the community. Wangersky (1965) suggests that
more energy would be lost if tﬁe dissolved organics present in the
organism are retained by the biological system involved, rather
than by allowing diffusion of compoundsv produced in excess of
immediate needs (Lee and Bada, 1975). However, we would need both

a good experimental design and an accurate technique of assessment

to even begin to determine which approach is more meaningful.



In a study of breakdown of amino acids after they are released, it
was found that there is little resemblance in the distribution of
amino acids from the sediment and those from the water column (Lee
and Bada, 1975). Furthermore, plankton and seawater amino acids
have compositions different from those of the sediment surface. 2an
intercomparison of the different types and amounts of amino acids
from marine and terrestrial input in sediments, would give us a
good indication of how environmental factors influence decomposi-
tion {(Gonzales et al., 1983). Earlierfsﬁudies.have attempted to
assess the origin and fate of these coméounds and any differences
occurring have been ascribed to environmental factors and stabili-
ties towards chemical or bacterial breakdown. Bowever, the use of
amino acids for such indicators is in question when one considers
that amino acids are common to all organisms. A more thorough
investigation of the compositidn of organisms and related marine
systems needs to be tackled before inferences can be made with
séme justification (Gonzales et al., 1983). Here the appearance
of any non-common amino acids can tell us much more in terms of
the processes occurring than any of the more common amino acids.
This has been demonstrated by the emergence of B—alanine as an

indicator of decomposition (Lee and Cronin, 1982).

Decompositional processes in the water column can alter the sedi-
mentary input by influencing the nutritive value, amount and
composition of sinking particulates originéting from the euphotic
_zone. A knowledge and understanding of specific compounds provides

more insight into decompositional mechanisms and nutritional value.



Amino acids comprise ﬁhe largest pool of organic nitrogen in most
organisms and therefore should be useful decompositional indicators,
and indeed, specific amino acids have been studied and their
distribution related to certain decompositional factors and

mechanisms (Lee and Cronin, 1982).



1.2 BACKGROUND TO THE MARINE APPLICATION OF THIS STUDY: REASONS FOR

MONITORING KELP RELEASE AND BACTERIAL UPTAKE.

One of the main sources of organic matter in the ocean comes abo-
ut due to release from plankton. This is in the form of detrital,
particulate matter and re;eased dissolved compounds. In coastal
waters this input would be dominated by 1larger macrophytic
organisms such as seaweed and kelp, depending on their abundapce
(Linley and Newell, 1981). In studying the effects of coastal
kelp release and subsequent bacterial uptake, sampliné. sites are
easily accessed and concentrations are orders of magnitude higher
than in open water systems. This would also permit a more

elaborate experiment to be designed and controlled.

Much work has been done on the microbial communities associated
with kelp mucilage (Linley et al., 1981; ‘Linley and Newell, 1981;
Reichardt and Dieckmann, 1985) and on the assessment of dissolved
and particulate organic matter released from kelp (Newell et al.,
1980; ©Lucas et al., 198l; Newell and Lucas, 198l; Carlson and
‘Carlson, 1984). Less has been done on the analysis of specific
chemical species. Studies of release of D-mannitol from kelp as
an important substrate for the surrounding microbial community
(Lucas et al., 198l1) has inferred ﬁuch more than a general

compound analysis (e.g. total carbohydrates).

From specific amino acid studies of other marine samples (see

section 1l.3) it is possible that an analysis of specific free



amino acids can infer much about the processess of kelp release and
microbial utilization. There is little known of the amino acids of
kelp. Newell et al. (1980) determined the total combined amino acids
(TCAAR) after acid hydrolysis using an amino acid analyser based on
the technique of Spackman et al. (1958), Percentage loss varied
between 1 - 16% due to loss during acid hydrolysis. Interactions
between mannitol and the amino acids cause interference in the
chromatographic analysis. For two common kelp species (Ecklonia
maxima and Laminaria pallida), the total comb.’_;ned amino acid
profiles were very similar, wi£h vboth having. hiéh concentrations
of aspartate and glutamate, with alanine having the highest
concentration (375nmol), They found that total combined amino

acids comprised 3 - 3,5% of kelp mucilage.

A study devised to monitor the free amino acids after they are
released from kelp will complement concurrent research work
(J. Brauer, 1986). Here collaborative work on joint experimental
design and independent assessment of subsequent results achieved,
would far outweigh the individual uninterrelated interpretations
of amino acids in inshore waters, or phenolic ahd nutrient release
from kelp achieved by different experimental designs. Release
from kelp would have to account for uptake by bacteria and other
organisms, and need an explanation of the origin and fate of amino
acid concentrations. It was therefore decided to pool resources
on kelp release with this work on amino acid assessment, so as to
achieve a wider picture of the dynamics of inshore communities.

The results would be interpreted in terms of what hypotheses were



initially set up by each working group and jointly on the overall

process of release and uptake.

The problem with designing an exudate-uptake study is that the two
dynamic processes. occur simultaneously. The individual rates of
release and utilization would therefore be unknown. We would
therefore have to devise an in situ experiment which would allow
these two processes to be separated to enable a better assessment

and the following method was adopted.

Amino acids were monitored and these profiles complemented by
bacterial activity and biomass estimates to assess the bacterial
uptake of these species. Chemical determination of ammonia,
nitrate and total N values,‘together with particulate C assessment,
complemented these amino acid values for a better understanding of
the nett process of the important nitrégenous qucies. Thesé
nutrients are said to be end prodﬁcts of the breakdown of proteina-
ceous material and are regenerated by bacteria (Hollibaugh et al.,
1980). These nutrient-N values would correlate well with amino

acid profiles, especially if breakdown mechanisms are stressed.

Bacterial . activity was éalculated using the 3H-thymidine
incorporation method of Fuhrman and Azam (1980, 1982) modified by
Lucas et al. (1984), rather than the predator-reduced method,
whiéh requires time-consuming filtration. Biomass was

calculated from the Acridine orange method of Hobbie et al.

(1977), modified by Painting et al. (1986).
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1.3 REVIEW OF SOME PREVIOUS MARINE AMINO ACID ANALYSES AND

MEASURED PROFILES

One of the earliest analytical techniques for amino acid analyses
was developed by Chau and Riley (1966). This required preconcen-
tration and desalting before ranalysis by thin layer chromatography
(TLC). The salt crystals formed during rotary film evaporation of
the seawater sample were periodically removed by filtration.
Final salt removal was by ion exchange using piperidine as eluant.
Analysis was by two-dimensional TLC on a semi-quantitative basis.
Sources of efror were large and accuracy of the method was poor.

Best results were obtained with amino acid concentrations of the

order of 0,5 - lrg.dm'3-

Hobbie et al. (1968) used chelating resins for desalting and
subsequent analysis gsing a Technicon Auto Analyser by the method
of Webb and Wood (1966). They observed the uptake of some common
seawater amino acids by planktonic bacteria. Glycine, serine and
ornithine were found to be in relatively high concentrations.
Intermediate concentrations of aspartic acid, threonine, alanine
and methionine were found. Glycine, methionine and serine had the
highest flux with wvaline, alanine and aspartic acid having an

intermediate flux.

An improved method for extraction of amino acids from lyophilized
seawater combined with a desalting stage using a cation exchange

resin was presented by Pocklington (1972). This was followed by a
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one-step reaction to give trimethyl silyl derivatives for sepéra—
tion by gas chromatography. ’i‘he procedure is lengthy, requiring
too many clean-up stages to make 1t a feasible approach for routine
analysis. Large concentrations of alanine were found in the

surface waters, and large changes occurred with depth.

An interesting study of the distributionm of dissolved free amino
acids (ﬁFAA) from sewage outfalls in southern Californian coastal
waters showed the contributions by individual amino acids to the
total amount of DFAA to be similar in all samples from surface,
bottom and interstitial waters (Clark et al., 1972). The analyti-
cal methodology entailed the desalting of the seawater using ligand
exchange columns and quantification by TLC. Ornithine, glycine,
alanine, serine and aspartic acid contributed to more than- 50% of
the total DFAA, with glycine "and serine being most abundant.
Total DFAA averaged 500 nmoles.dm™3 (60 - 70 Fg.dm"3) for normal
Atlantic waters. Detrital material is one of the major sources of
DFAA in the marine environment (Clark et al., 1972). Various
studies of ae;obic sediment layers suggest that these upper
sedimentary layers may be a major reservoir for amino acids in the
marine environment (Degens, 1968). It was found that effluent
input gives 200 - 300 times higher 1levels of DFAA than inshore
waters in southern California. .The dilution of this input was
also monitored along the adjacent coastline. There is evidence to
suggest that changes in DFAA and other important organic compounds
may affect the stability of sublittoral ecosystems. North (1964)

found that large populations of sea urchins present at outfalls
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were considered a major cause of the decline of giant kelp beds.
These urchins may well have received their nutrients from these

outfalls.

Wheeler et al. (1974) studied the potential significance of amino
acids as a nitrogen source for phytoplankton growth. Here common
marine amino acids were added in high concentrations as well as
l4c—1abellea amino acids at low, natural concentrations to axenic
phytoplankton cultures. They found that uptake was sufficient to
support moderate growth rates in both cases. The ability to
assimilate DFAA at low concentrations is characteristic of mést
marine algae, but heterotrophic utilization by these phytoplankton
did not occur in the dark. Growth of the phytoplankton was much
slower than when the medium contained an equal concentration of
nitrogen in the form of nitrate. BAmino acids used were: glycine,
serine, which were found to be most abundant; with alanine,
aspartate, fhreonine, valine, glutamate, ornithine and 1lysine

being added at lower concentrations.

Schell(1974) conducted studieé to compare uptake rates of nitrate,
;mmonia and’amino acids at levels naturally occurring in the sea.
He also set out to determine whether the C and N groups of the
amino acids were assimilated at equal rates and to measure the
excretion rate of DFAA by growing phytoplankton. He found, using
14 ang 15N 1labelled glycine and glutamic acid, that the N of
glycine 1is preferentially incorporated with the carbon being

respired. The reverse was found to occur with glutamic acid.
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After being assimilated, the amino acid molecule may be used as
is, or partialiy decomposed and the by-products returned to the
environment by excretion or respiration. It was found that
glutamic acid and glycine were assimilated fastest in the dark,
apparently due to photo-inhibition in the light samples. This is
in direct contrast to what Wheeler et al.(1974) found. They

observed no heterotrophic utilization of amino acid in the dark.

In a study of amino acids in a marine sediment, Morris (1975)
found that the major changes in planktonic protein amino acids
occur in the water column during their sedimentation or in the top
10 - 20cm layers of the sediment. The extent of these changes is
determined by -the conditions in the sediment such as microbial
activity, redox potential, humic substances and trace metal
coﬁposition of the sediment. Changes to these protein amino acids
were found to be slower below the‘upper layers due to processes
such as polymerization of organic;species and possible formation
of organo-metallic complexes (Degens, -1968). Major trends with
respect to depth were observed for the common amino acids. There
was a‘relative decrease in the amount of aspartic acid, serine and
alanine; and a relative increase 1in amounts of glycine, 1lycine
and arginine. It was found that large levels of ornithine in the
sediment could be attributed to the breakdown of arginine, as
ornithine is found in ﬁuch lower concentration levels in plankton
and upper waters. Degens (1968) found the presence of some
non-protein amino acids in the upper>sedimentary layers and this

could be attributed to the breakdown of some protein amino acids.
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The changes in the total amount of amino acids in the upper
sediment layers, relative to a predicted input, could reflect the
various degrees of stability of the amino acids or those amino

acids preferred for biological activity within sediments.

There appears to be no difference in amino acid composition for a
number of species of marine phytoplankton (Chau et al., 1967).
Howevexr, other workers found major differences in amino acid
composition between diatoms and other mariné algae (Chuecas and
Riley, 1969)., There is a large input of protein amino acids from
plankton and algae into the marine environment, and Morris (1975)
set out to determine whether the amino acid composition £from
plankton (upper water layers) would be the same for those present
in the.sedimentary layers. He found that they had changed due to

interactions with the water column prior to sedimentation.

Lee and Bada (1975) suggest that the combined amino acid fraction
may be a useful water mass indicator. They found that the DEAA
pool makes up only 0.3% of the total dissolved organic carbon
(DCC), much less than that found before by othe; workers. Their
experimental teéhnique was prone to errors, making any deductions
from their results rather suspect. Desalting was achieved using a
ligand exchange chromatographic technique (Siegel and Degens, 1966)
but it was.found that glycine tends to bleed from the resin making
an effective analysis of this compound impossible. Analysis of
the components was carried out using an amino acid analyser.

Final recovery of an internal standard, added at the start of the

o
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procedure, ranged from 70 - 90% for DFAA and 40 - 75% for hydrolyzed

-

combined amino acid fraction. »

Crawford et al., (1974) found that glycine, serine and ornithine
make up over half the DFAA pool in estuarine samples. Profiles
Lee and Bada (1975) reported show large percentages of alanine,
aspartic acud, glutamic acid and serine, and that DFAA is only
present in substantial amounts in surface waters. Lower concen-
trations occur deeper down the water column, this is attributed to
uptake by organisms or absorption onto particulate matter. The
turnover time for amino acids was found to be of the order of
several days (Lee and Bada, 1975).

Webb and Johan\nes (1976) found that taurine, glycine and alanine
were released in large concentrations from marine zooplankton.
Cysteic acid and cysteine | were less common, and present in low
cohcentrations. Amino acids accounted for about 12% of the
nitrogenous release products from zoopl|ankton, and this release of
organics was found to increase with temperature, It was also
discovered that there are similarities between the amino acid
patterns in tissues and those found in release products. Ammonia
was the major dissolved nitrogenous compound released from marine
invertebrates., A variety of other release products were identified,
such as creatine, creatinine, urea and purines (Nicol, 1960).
Their technique of amino acid analysis was by semi-automatic ion

exchange chromatography.
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In Morris and Calvertis (1977) study of organic rich sediments
from the Namibian she€lf, the amino acid pattern was found to change
both with depth and to decrease in amount. They found a close
similarity between amino acids from plankton and those found in the
sediments, suggesting a large input of amiﬁo acids from plankton
into the sediments. For specific amino acids they found valine,
arginine, phenylalanine and tyrosine to increase with depth ard,
coﬁpared to the predicted input from plankton, it was foundvthat
serine, proline, glycine and alanine 1levels were much higher.
Values of glutamic acid, arginine and lysine were found to be less
than the prediéted input, possibly due to these compounds being
more susceptible to breakdown in the sediment, but this is only a

tentative explanation.

In a study of amino acids in a sediment core,'it was again found
that concentrations decrease rapidly with depth (Whelan, 1977).
Non-protein amino acids PB-alanine and ¥ —aminobutyric acid were
predominant in the deeper section of the sediment and accounted
for about 70% of the amino acids. The amino acids are tightly
bound to the sediment and are only released on acid hydrolysis.
They accounted for about O,4§ of the total nitrogen in the
sediment., The method required a rather lengthy sample preparation
of extraction and desalting before separation by gas-liquid
chromatography (GIC). Analyses were compared with an amino acid
analyser, which gave results for those amino acids which could not
be done by GLC due to thermal decomposition. ﬁistidine and other

basic amino acids were found in higher concentrations. Aromatic
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amino acids occurred in low levels. Traces of A &-diaminopimelic
acid were present which are typical of bacterial cell walls
.suggesting a high bacteria involvement. Bacterial counts were
found to be normally higher at the sediment surface than in the
water or below the sediment. It was found that plankton and
seawater amino acids have compositions different from those of the
sediment surface. This is in direct contrast to the results of
Morris and Calvert (1977). .Considering the tufnover time of amino
acids it-would be expected that a difference would occur. However
thé amino acid composition from one sediment type to the next was

remarkably similar.

Lee and Bada (1977) analysed various seawater samples for dissolved
free and combined amino acids by a ligand exchaﬁée chromatographic
technique. Various depth profiles were set up and the concen-
trations were found to be similar. They also determined the
enantiomeric ratios of the isolated amino acids and found that the
higher ratios (larger amounts of D-amino acids) indicated that the
amino acids come from other sources besides phytoplankton.
Bacterial production must be considered, as D-amino acids have
been found in bacteria. The high ratios could then be attributed
to bacterial decomposition products. Since Whatman GF/C filters
were used, the D-amino acids could be derived from bacteria passing
through’ the filter. The high ratio could then not be attributed
to breakdown products alone. Bacteria may release or remove amino

acids from the water, so that an assessment of amino acids alone

cannot determine which process is occurring.
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Wheeler et al. (1977) studied the uptake of <14C-glycine by
different fractions of plankton and found ﬁhat phytoplankton was
responsible for at least 50% of the glycine uptake. It was found
-that inshore species wutilize more amino acids than offshore
species. Phytoplankton continue to grow in culture with the only
source of nitrogen being amino acids. Values for uptake correlated
well with pigment content and photosyntheﬁic acﬁivity determina-
tions. They found that more than 80% of the pigments and a similar
amount of photosynthetic 14Cc incorporation occurred in the 3-25um
phytoplankton size fraction. Nanoplankton hence play a major role
in primary productivity. Glycine uptake“ exceeded 50%. Bacteria

attached to particles may be responsible for some of this uptake.

Dawson and Pritchard, (1978) devised a method for the analysis of
picomolar levels of amino acids using an amino acid analyser with
fluorometric detection. Amino a&id profiles from different depths
in the open Baltic ocean and elsewhere have been given and con-
centrations were found to range from 4,5 to 84‘ﬂg.dm‘3. The method
involved desalting on ion exchange resins and the disadvantages of '
this prodedure were discussed. It is possible that under the
mildly acidic conditions during desalting, labile peptides and
metal chelates aré dissociated and therefore contribute to the
apparent free amino acid pool. Distinct differences exist between
samples. desalted and those injected without treatment. B—aléhine
appears to be a product of the preconcentration procedure from
resin contamination, or hydrolysis of larger molecular weight
column components. Assessment using the methods of desalting

would give erroneous results.
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In a comprehensive study of particulate amino acid (PAA) in co;stal
and oceanic Pacific waters (Seizen and Mague, 1978), interesting
trends were observed. The concentration of particulate amino
acids in these waters ranged from 370 to 2260 fimol.dm-3 ip coastal
waters and from 90 to 260 nmol.dm™3 in open ocean waters. Much
information on particulate organic matter is 1lacking, especi&lly
the exact molecular composition of those particles. Analyses were
done by GLC and some amino acids sufé;red decomposition due to the
prior hydrolysis, ion exchange and complex derivatization proce-
dures. Despite this, some interesting results were obtained. The
highest PAA concentrations were found in equatorial open ocean
surface waters. This is due to the increased phytoplankton growth
from increased temperatures and upwelled nutrients. As colder
wate;s are approached, the PAA values drop. The amino acid
compositions for the different sampling sites were remarkably
similar. Some signifzcant trends were detected. The. relative
amounts of glycine and serine increase with respect to depth and
these are also the most abundant PAA., Hydroxyproline, methionine
and lycine decrease with depth. Amino acids undetected were
ornithine, the 2-aminobutyric acids and X' €& -diamino-pimelic acid,
which is, according to Siezen and Mague, (1978) present in algal
cell walls. The planktonic proteinaceous material is more prone

to degradation than other carbon rich constituents during sedimen-

tation.

Garrasi et al. (1979) developed a method for the direct injection

of seawater samples into an amino acid analyser without prior
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desalting. Up to 2ml of average salinity seawater can be directly
injected with 1little band broadening. This broadening can be
minimized by the addition of a few drops of concentrated H,SO4.
An inter-comparison study of two other common methods with the
direct ‘injection method gives some interesting results., The
cation exchange method overestimates the dissolved free amino acid
concentration. Thisrmethod also gives high blank values and hence
sample concentrations need to be high. The presence of taurine,
B—alanine and histidine is solely due to contamination from the
cation exchange resin. The copper Chelex desalting method under-
estimates the amount of dissolved free amino acids., The latter
method gives low blanks'but with variable recoveries. The addition
of é single internal standard to correct these losses would not be
representative of all +the amino acids. In the direct igjection
method the acidic medium probably causes an overestimation of the
amino acids due to breékdown of 1labile peptides and complexes.
Some interesting trend; from analyses of water column depth
profiles have been observed. Valiné was present as the major
amino acid in most samples., Aspartic and glutamic acid were also
présent as a major fraction in many samples. The profiles for
deeper waters differ markedly from those in surface waters, and
this is in agreement with Whelan (1977). Valine, alanine, glycine,
histidine and lysine are present in significant amounts near the
surface, but are much reduced in deeper waters; Arginine gives
the reverse profile, accounting for more than 50% of the total in

deeper waters.
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Analyses on preserved and stored samples may not give the true
values that would be experienced at the time of sampling., The
turnabout time for each analysis is about four hours and this

creates problems for in situ analyses.

Little is knqwn of the nature of organic substances dissolved in
the interstitial water of marine sediments. Hendrichs and Farring-
ton (1979) analy_séd amino acid in a series of interstitial water
samples by GLC and with.nutrient-N data, attempted to correlate the
results and discuss the certain trends observed. Concentration in
the interstitial water ranged from 2 to 95 Pmolar which is two to
three orders of magnitude greater than in seawater. Alanine,
glycine, aspartic acid, glutamic acid and B-aminobutyric acid are
the major components in most samples. These trends suggest that‘
the benthic community utilizing organics in aerobic environments
produces more alanine, glycine and aspartic acid. Glutamic acid
and B-amino glutamic acid ;lr_e produced by fermenting and sulphate

reducing bacteria. The high glutamic acid concentration could be

attributed to bacteria.

In a study on planktonic cycling of organic nitrogen (Hollibaugh
et al., 1980), the occurrence and pathways of nitrogenous material
are discussed. Concentration and flux calculations were used to
determine the extent of dissolved free amino acid wutilization..
Comparisons with changes in ammonia concentration gave an estimate
of 60% for the amount of ammonia produced from amino acid break-

down. It was found that the type of primary producer present is
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independent of bacterial heterotrophic activity. This activity is

associated with the rate of carbon fixation.

Further insight into the process of sedimentation of particulate
matter can be achieved by using sediment traps set at different
depths. Wakeham et al. (1980) analysed sediment trap material»for
specific chemical. species such as fatty acids, hydrocarbons,
sterols, esters and amino acids. The vertical flux of particulates
is controlled by involved decomposition mechanisms and transport
processes. Amino acid analysis was by the orthopthalaldehyde
(OPA) method yafter first being extracted into a . saturated salt
solution. The amino acid profile for the middle water traps have
similar compositions to the amino acids of marine plankton.
Glutamic acid, aspartic acid, alanine, serine and glycine were
found in the deepwater traps. This reflects bacterial input as
they are found in bacteria cell walls., Most of the organics are
utilized in the middle waters during sedimentation as a very small
amount of these species reach the bottom layers unaffected. It is
possible that zooplankton and other specifically particulate
materials find their way into the sediment traps. This could well
have been a source of error. Interpretation of these results is
difficult due to differences in settling rates, resuspension of
sedimented material within the traps and further changes to

particulates after entrapment.

The distribution profiles of total dissolved amino acids (TDAA),

together with total dissolved sugar and organic carbon values, were
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Imonitored during a spring plankton bloom (Ittekkot, 1982),. Since
dissolved organic matter is the major form of organic matter in
the oceans, we find that phytoplankton is its chief source. The .
TDAA was determined by the direct injection method (Garrasi et al.,
1979). Samples were hydrolyzed, hence no distinction between free
and combined amino acids could be made. Lgvels of TDAA of the
order of 100 - SSOﬂg.am-3 were found. The amino acid concentra-
tions decreased near the end of the bloom and a sharp increase was
observed during a second bloom. Major amino acids were glutamic
acid, serine, glycine, histidine, aspartic acid, threonine an-d
lysine. Glutamic acid is in a relatively high concentration at
the early stages of the bloom, but decreases to much lower levels
soon afterwards. Serine showed moderate fluctuations, Serine,
glycine and alanine are quite stable in the marine environment and
have beenr found to be major constituents of phytoplankton.
Histidine was found in large amounts near the end of the bloom,
possibly being a breakdown product of phytoplankton pigments.
This amino acid is the only excéption to the general trends of the
individual amino acids. Histidine ' could be an importa1;1t metal
chelator during remineralization procedures which would regulate
external conditions 'ie. the trace metals. Lysine was found in
large amounts during the second bloom. The concentrations of
these species are due to a ne.tt result of processkes of release by
phytoplankton and detritus, and ‘utilization by heterotrophic
organisms., The increase in dissolved organic mattgr in the early
stages of. the bloom is attributed to release by phytoplankton.

High dissolved organic concentrations again near the end of the
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bloom are due to messy grazing by =zooplankton and also release

from physiologically old cells.

Further amino acid and lipid analyses of sediment trap material
were undertaken by Lee et al. (1983). From previous sediment trép
studies, the flux of the organic species on sedimentation is
directly related to the surface productivity. Amino acids were
measured by the OPA-method after first being extracted with a
toluene-methanol mixture in order to first remove the 1lipids for
other analyses. Both free and combined amino acids were analysed.
The results were hampered by bacterial activity occurring in some
of the traps due to ineffectual poisons. Muramic acid, another
unique component of bacteria and blue~green algae, was found in
these traps indicating the presence of bacteria. The studies of
the exact amino acid composition of marine bacteria are limited,
hence inferences on bacterial presence need more ta for a
conclusive assessment. The concentrations of B -alanine, B —amino-
butyric acid, and arginine 'change with respect to time in the
traps. B-alanine decreases with longer time span in the traps,
indicating that it is possibly preferentially removed relative to
other amino acids, but removal is slower. Micro-organisms could
be responsible for this uptake. B—alanine increases with depth in
the traps suggesting it is a major breakdown product. From this
. ~
we can see the possibility of g—alanine used as an indication of
the extent of décompositi_on, provided much more is known about the
presence of this amino acid; its exact origin and fate in the

marine environment.
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In an analysis of sediments (Gonzales;\, 1983), the amino acids were
analysed by pre-column dansyl chloride dérivatization and separated
by high performance 1liquid chromatography (HPLC). No free amino
acids could be extracted from the sediment by an acid wash, so
total combined amino acids (those hydrolysed from the sediment)
were determined. The presence of some amino acids could prove
useful indicators within the sedimentary environment. Large
amounts of hydroxyproline were present and this amino acid is the
most common cell wall constituent of algal cellular debris.
Threonine, serine and glycine are main components of a protein-
silica compound of diatom cell walls that is very resistant to
attack. Hydroxyacids can complex with phenolics to give more
resistant compounds. Valine, leucine and isoleucine are the least
stable. It was found that glutamic acid is predominant in marine
éediments and is also the. most dominant amino acid in marine
bacteria. Aspartic acid is dominant in terrestrial hydrolysates.
Lysine and ornithine are common in offshore and coastal sediments
respectively. Phenylalanine is relatively abundant in off-shore
sediments and has been found to be the major amino acid in other
sediments (Morris, 1975). Sulphur amino acids tend to disappear
due to preferential geochemical degradation of sulphur containing
sedimentary organic material. The influence of the input of amino
acids from the terrestrial environment is limited in this study.

Differences in amino acids could be due to differences in organic

input with respect to time.

Amino acid analyses of gut material from some species of sea slugs,
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from sediment trap material and from surrounding surface sediment
has been studied by Alberic and Khripounoff {1984). Compositions
of ingested material and sediment trap m;terial are very similar
with only the sediment surface material having minor differences.
Glutamic acid and uncombined diaminopimelic acid predominant in
the digestive tract may be due to excretion by the organism or a
result of bacterial activity within the gut. The remnants from
bacterial activities are more common in the gut than in. the
sediment or sinking particles. B -alanine and X-aminobutyric acid
account for a large proportion of the amino acids in the upper
sediment layer. Their presence in the gut material ﬁay be due to

decomposition of ingested organic material.

In a study of amino acids in an estuary system (Laane, 1983), the
amino acids were determined by the flﬁorescamine methbd (North,
1975) and the amounts are expressed as glycine equivalents. Such
an analysis is meaningless today as all amino acids were measured
as glycine equivalents, and bearing in mind that far more advanced
analytical techniques are available. The exact analysis of each
amino acid can infer much more than an assumed amount of total
amino acids. The different molecular weights of each amino acid
would not therefore be considered as the concentration units are
in mg.glycine.l'l. Interpretation of £esults obtained with a
reagent which reacts with a wide range of substances remains
questionable because of the unknown composition of reactive

materials present in natural seawater.
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In a study of amino acid uptake by a phytoplankton species, Lu and
Stephens (1984) used radiochemical labelled glycine, a fluorescamine
technique and HPLC analysis o? utilized amino acids in order to
determine the extent of this uptake. There is much evidence to
suggest that phytoplankton remove amino acids from solution and
that they can utilize normal marine amino acid concenfrations to
supply their nitrogen need. They compete effectively with other
orgénisms for available free amino acids (such as zooplankton and
bacteria). Radiochemical techniques do not account for any
excretion of the non-labelled compounds. The amino acid uptake
was determined by analyses using OPA derivatization and separation
by HPLC. A series of amino acids was addgd to this phytoplankton
‘medium and analysed before and after a 60-minute exposure. Théy
found that this phytoplankton is capable of removing all of the
amino acids supplied to the medium. The results imply that the
basic amino acids are utilised at the highest rate and dicarboxylic

amino acids the lowest.

Lee and Cronin (1982) analysed particulate matter in sediment
éraps for both free and combined amino acids in order to determine
the decoﬁpositional profiles for these amino acids with respect to
depth. The amino acidsAwere determined by derivatization with OPA
and separation by HPIC. The amino acid fluxes were complemented
with ;esults on primary production, particulate organic carbon
(POC) and particulate organic nitrogen (PON) flux and found to be
interrelated. Results of the \sédiment tfap material showed that

the free amino acids decrease faster than the combined amino acids
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due to the difference in utilization. They found these free amino
acids to be similar in composition to those amino acids found in
plankton. Amino acids undergo decarboxylation and deamination as
major foutes of metabolism in organisms to give an amine or an
aliphatic acid as final products. Diacidic amino acid§ can undergo
decarboxylation to form smaller molecular 'weight amino acids.
Aspartic and glutamic acids decarboxylate to give B -alanine and
K—aminobutyric acid. Serine and threonine can undergo dehydration
to form alanine and ofaminobutyric acid. All these products were
found in the sediment traps, but whether or not the occurrence of
these compounds is related to those reactions is not too clear.
RB-alanine and ¥ -aminobutyric acid are non-protein .amino acids
sometimes occurring as metabolic vintermediates iﬂ organisms,
Evidence from the concentrations of B -alanine show that this
compound could be formed during sedimentation. The proportion of
B -alanine increases with respect to depth, so>if bacterial activity
is responsible for the production of B-alanine and K-aminobutyric
acid, due to the higher temperatures and increaéed bacterial
biomass at surface' waters, the B-alanine is expected to be in
higher concentrations at the surface and not at dept};. This
implies that within 6 - 12 houré bacteria do not affect the amino

acid concentrations to any great extent,
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1.4 CHROMATOGRAPHY THEORY APPLIED TO GRADIENT ELUTION OF THE FMOC-Cl

DERIVATISED AMINO ACID SEPARATION

Reversed phase separations are used for distinguishing between
relatively non-polar compounds, in our case the 9-fluorenylmethyl
chloroformate (FMOC-Cl) derivatized amino acids, on a non-polar
stationary phase composed of octadecyl silane (ODS) using a polar
mobile phase. The more polar compounds will be eluted ahead of
those less polar, as the latter favours the stationary phase more

than the mobile phase.

1.4.1 Improving resolution in terms of the resolution expression

In order to selectively separate each of about 20 FMOC-Cl deriva-
tized amino acids from each other, we can optimize certain
instrumental and experimental conditions to improve the resolution.
These conditions i1ndirectly make up the terms of the common
resolution expression which is important in discussing our basis

for separation:

1 {oX=- 1 |N' X'
R:__
S 4l =3 l lk'+1
S E c

where S is the selectivity term, and ©4 is the nett retention time

ratio for two components separated and as calculated from the

chromatogram (Snyder et al., 1979). Small changes in ©X can

affect the resolution. 1In 1liquid chromatography the mobile phase



30

plays a major role in the thermodynamic distribution process of
the components through selective interactions, in fhat each
species will interact very differently as far as phase selectivity
is concerned, where there is a slight variation in the mobile

phase gradient.
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Fig. 1.1 and 1.2: Chromatograms showing the effect of different
flow rates on the resolution. The flow rates are 2ml.min.-1l for
the above chromatogram ¢1.1) and 1lml.min.-1 for the lower one
(1.2). Gradient times are altered to accommodate this flow change.

N is the total number of theoretical plates of a column. Resolution

is improved if N is increased, and this is achieved by reducing the
flow rate or increasing the column length. Resolution changes when
these parameters are altered, are marginal compared with other

changes, such as mobile phase modification. The chromatograms
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above show the marginal improvement in resolution achieved by
reducing the flow by half. Note that the analysis time is in fact

doubled.

Since the percentage composition at a particular time for éach
component will be different for the same gradient but different
flow, the gradient has to be slowed down proportionately in order
to have the same solvent conditions at any instantane;)us time
during separation. Failing this, resolution changes will be
determined by the selectivity term as well as by N, and resoluticn
changes due to flow alterations cannot be monitored. The gain in
resolution by changing N (observe peaks 1 - 4 of each chromatogram
to see a qualitative improvement in resolution) is offset by an
increase in separation time and therefore a compromise must be
reached between the resolution due to N and the analyslis time.
Increasing the flow rate with gradient elution can often improve
resolution, provided none of the other parameters are changed. By
increasing the flow rate, a larger volume of the weaker solvent
passes through the column per time unit, effectively changing the
selectivity term. The solvent composition in this case changes
for each component along the column. This effect does not give
marked resolution improvements, but only serves as a means to

reduce the analysis time without sacrificing resolution.

C, the capacity factor, 1is influenced by the solvent strength of

the mobile phase. The starting solvent used is normally chosen

arbitrarily, depending on the type of separation required. For
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reversed phase systems this solvent is usually water alone, or
modified aqueous solutions (e.g. buffers). An increasing per-
centage of a water miscible organic solvent such aé methanol, is
then added to the starting solvent. This produces a solvent

gradient.

The effect of solvent checice on resolution is seen Figs 1.3 and
1.4. The two organic solvents differing in polarities, affect
different rates of elution. Holding the aqueous phase constant
(reasons given later) and altering from methanol (fig. 1.3) to
acetonitrile (fig. 1.4) gives marked resolution changes:
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Fig. 1.3 and 1l.4: Chromatograms of the separation of derivatized

amino aclds using different initial organic solvents. Methanol in
above chromatogram, and acetonitrile in the one below.
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The mobile phase is favoured by the eluted components in (B}, hence
the much reduced retention times. Acetonitrile is less polar than
methanol and the relatively non-polar derivatives begin to favour
the non-polar stationary phase as the mobile phase becomes more

polar (i.e. from acetonitrile to methanol).

The most common gradient system used is a two solvent gradient
beginning with a weaker (more polar in the case of ;eversed phase
systems) solvent A and then continuously adding. increasing con~-
centrations of a stronger solvent B to the solvent entering the
column, finally ending up with pure B as the eluant. The'initial
and final concentrations of a gradient need not necessarily be
pure A or pure B respectively. What is important is the solvent
program, or how the solvent composition varies with time to

achieve a well resolved separation of a series of components.
1.4.2 A mathematical approach to gradient elution

A rigorous mathematical approach for the initiation of a reversed
phase gradient elution program has been published (Snyder et al.,
1979). From these guidelines a simple approach to an initial

gradient separation can be planned.

Consider an isocratic run of FMOC-Cl amino acid derivatives

compared with a separation one achieved by gradient elution.
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Fig. 1.5 and 1.6: Chromatograms showing the effects on the initial
part of the chromatogram with isocratic and gradient elution having
the same solvent conditions.

From Fig. 1.5 and 1.6, the first few peaks are of similar retention
times. These peaks eluted before much change occurred in the
mobile phase. ©Later in the programme, bands elute under essen-
tially gradient type conditions. As stated before, the solvent
program is the most important variable in gradient elution. A
linear gradient (as opposed to a concave, convex or step-wise
gradient) is the optimal theoretical gradient for separation
(Snyder et al., 1979) and is termed the linear solvent strength

program (LSS). The advantages of a LSS program are:

a) Approximately constant band widths for all the component peaks

in the chromatogram exist. The band width of each peak is
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affected by the normal broadening of the bands as they move
along the column, and a "band compression" phenomenon arising
from the faster migration of the tail of bands in gradient
elution, compared to the uniform movement in isocratic elution.
This is important in lowering the detection limit. Peaks be-
come narrower due to more solute crossing the detection beam
in less time resulting in a greater signal to noise ratio.

b) It gives comparable resolution for all the peaks, both those
eluted early and those eluted later.

c) Regular sbacing of the peaks occurs in the chromatogram.

4d) It simplifies the interpretation of the separation process in

terms of polarities, etc.

The '"gradient steepness" (percentage organic phase increase per
minute) should remain the same in a LSS pfogram and be within
limits depending on the nature of the solvents and the separation

achieved.

The optimal gradient steepness can be calculated from equations
given by Snyder et al. (1979) to give a percentage organic phase
increase per minute for an initial separation. Improvements can
be affected by other means once the gradient steepness has been
calculated (e.g. initial and finél solvent strengths and gradient

duration).

It is recommended (Dolan et al., 1979) that the organic and aqueous

solvents be pre-mixed by 5% water and 95% organic to avoid solvent
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de-gassing and volume changes which occur when mixing pure solvents
on line, Thus. 0 - 100% organic gradients are actually 5 - 95%
organic phases as programmed in the instrument; Since in the.
experimental work, the solvents were degassed by filtration on a
Millipore vacuum filter and this pre-mixing step was not necessary.

No problems due to solvent de-gassing occurred in this work. '
1.4.3 The use of an aqueous buffer instead of water in elution

The starting mobile phase in reversed phase gradient elution is
usually water. Because of the charged nature of some species in
water, ionization is suppressed by driving the reaction towards a
single uncharged species. This can be achieved by using a suitable
buffer as the aqueous mobile phase, which will suppress ionization
and decrease the polarity by providing a counter ion, enabling the
coﬁpound to favour the stationary phase. Any hydrogen ions formed
due to ionization of the species wili react with the buffer and by
this process the column will be protec;ed from a too low pH upon
each injection. The use of buffers in the mobile phase may cause

quenching effects when fluorescence detection is used (Weinberger

and Sapp, 1984).
1.4.4 The importance of gradient regeneration
Once the gradient has been set up it is. important to re-equilibrate

the column to initial gradient conditions before the next run. At

the end of the gradient the column is saturated with a polar
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organic phase and an immediate return to initial conditions will
not re-eduilibrate the column. This will occur only after running
at the initial conditions for about 20 minutes (dependent on flow
and difference between initial and final concentrations). The
excess organic phase must be removed by decreasing the gradient in
such a manner as to slowly unsaturate the column. A reverse
gradient run for 10 - 15 minutes followed by a 10 minute run under
initial conditions, is a generally accepted procedure (Dolan et
al., 1979). If this 'is not done, each subsequent gradient run.
will increase the amount of polar organic phase on the column,

resulting in decreasing retention times for each subsequent run.

Furthermore, if the final conditions of the gradient are unable to
elute all compounds retained, each subsequent injection will elute
these compounds on the column from the previous runs. After many
samples the baseline will be affected and quantitative assessment
will be in error. The solution would be to allow an almost pure
final solvent composition (e.g. pure methanol) to wash the column
free of strongly retained species. Thereafter, an adequate
gradient regeneration would be required to return it to initial
concentrations. This assessment became apparent while analyzing

the low concentration seawater samples by fluorescence detection.

~1.4.5 Simplified guidelines for achieving.an initial separation

The procedure adopted in devising a suitable separation with regard

to setting up a gradient was as follows.
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4) -,
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Set the flow rate to the highest working flow, which is
Zmi.min'l on the instrument used due to a large back pressure.
This is to reduce the analysis time since speed in achieving
a suitable gradient is more important initially than is the

improved resolution obtained from a low flow.

Start with 100% aqueous phase (0% organic) using a slightly
less polar organic species than water and the more polar of
the organic solvents commonly used. UV cut-off of the sol-
vents must be measured when detecting at low wavelengths.
For example, acetone as an organic modifier would be useless
at a detector wavelength setting of abdut 260nm, since

acetone has a UV cut-off at 330nm.'

The gradient should be completed in about 20 minutes as an

initial analysis time.

JFrom the resulting chromatogram the initial and final solvent

concentration differences can be reduced to improve elution if
peaks are eluted near the end of a run. If the peaks are eluted
beyond the end of the gradient, a more polar organic solvent
must then be used. Once again, an adjustment of initial and

final percentages can yield a well-separated chromatogram.
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1.5 REVIEW OF THE HPLC TECHNIQUES USED TO SEPARATE AMINO ACIDS

AND REASONS FOR CHOICE OF A TECHNIQUE

A review of past techniques showed (Section 1.3) -that the major
stumbling block in marine amino acid analyses was the nonavailability
of an analytical technique free from the errors associated with
sample clean up and desalting. Furthermore, the previous analysis
times become too long for in situ type studies., HPLC te;hniqueg
have been utilized in many ways for marine amiﬁo aqid‘analyses.
The aim was to select a technique which would mee£ the needs of

simplicity and high sensitivity.
1.5.1 Precolumn or postcolumn HPLC?

The earlier HPLC systems were set up in a similar way to amino
acid analysers, in that an ion exchange column was employed and a
derivatizing reagent added by means of a pump between thé column
and detector. Amino acids alone are not readily measured by HPLC
because of their high polarity and low response to ultraviolet or
fluorescent detection, hence the need for derivatization to aid
separation and allow detection. However, postcolumn derivatiza-

tion systems suffer from several drawbacks:

1) Poor chromatographic performance is associated with these ion

exchange columns (Umagat et al., 1982).
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5)

6)

7)

8)
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Complex eluant buffer systems are required.

Changes in the buffer gradient can cause a change in the

baseline due to impurities in the buffers.

The dead volume of the instrument is  increased with the
inclusion of the postcolumn derivatizing stage. This results

in a loss of peak resolution.

The postcolumn derivatizing stage dedicates the instrument to

one type of analysis (Pfeifer and Hill, 1983).

Two columns are reguired to eliminate the loss of sensitivity
and baseline fluctuations caused by impurities reacting with
the reagent or having an absorbance at the detector wavelength

setting.

Long analysis times, of the order of a few hours, and poor
detection 1limits are often associated with this technique

(Umagat et al., 1982).

Vigorous desalting techniques are required for seawater

samples (Wilkinson, 1978).

A relatively new alternative to amino acid analysis utilizing HPLC

is to employ precolumn derivatization and separation on reversed

phase columns, and this is- better, in most cases, than the
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standard amino acid analyzer technique. This new development,

eliminates the drawback of postcolumn derivatization, and is

especially suited for marine applications, since:

1)

" 2)

3)

4)

5).

A conventional HPLC instrument is used with no modifications
and thisA frees the instrument for other types of analyses.
Only minor changes are required and the instrument is opera-=-
tional within half an hour after the change (Pfeifer and Hill,

1983).

The technique has been successfully automated and can be taken

on board ship for an in situ analysis.

Much shorter analysis times have been reported (typically

20 - 40 minutes) due to the increased flow rate.

Low detection limits at femtomole levels have been reported
for some of these derivatizing reagents (Hill et al., 1979;

Einarsson et al., 1983).

No sample cleanup other than filtration is necessary. Salts
can be injected onto the column with no chromatographic band
spreading (Lindroth and Mopper, 1979). This has also been
tried for ion exchange resins using seawater with some success
(Garrasi et al., 1979). It has been shown by Lindroth and
Mopper (1979) that a seawater sample can be injected‘directly

onto the column after filtration and derivatization. The
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highly polar salts are not retained. To allow low concentration
to be Aetected the injection of larger volumes (+ 700 Pl) of sample
can be achieved. This results in a preconcentration of the solutes
occurring at the top of the column. This preconcentration process
can be utilized for trace analysis (Schauwecker et al.,, 1977).
However, complex matrices such as physiological fluids may contain
compounds which build up at the top ofvthe column, therefore re-
quiring a guard column between injector and main column.

@

1.5.2 Factors affecting the choice of derivatizing reagent

An ideal derivatizing reagent would have to fulfill certain pre-

requisites, but to date no reagent has been developed that fulfills

them all. Recent techniques (Chang et al., 1981; Heinrikson and

Meredith, 1984; Einarsson et al, 1983) are the closest approach to

the ideal, and choice of reagent is dependent on these important

requirements: |

1) The derivatives must be stable.

2) The.reaction must proceed rapidly.

3) Reagent should be able to ?eact with all the amino acids.

4) The reagent itself should not fluoresce or absorb signifi-
-cantly.

5) A low detection limit is required.

6) The derivatization must be both reproducible and quantitative.

7 Reagent and amino acid should react to give only one product

and hence only one peak.
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In seawater analysis, it is most important to have a low detection
limit, since expected concentrations are low. Stable derivatives

and good reproducibility are also important.
1.5.3 Precolumn derivatizing reagents

Each past technique was characterized by the derivatizing reagent
employed. The 'merits and drawbacks of these reagents will be

discussed.
1.5.3.1 Ninhydrin

This classical postcolumn derivatizing reagent is not used in
precolumn derivatization due to its ~low sensitivity. It reacts
with primary and secondary amino acids yielding derivatives
absorbing strongly at 570nm and 440nm - only one reaction product
is formed. For complete amino acid assessment, 2 detectors or one
variable wavelength programmable detector is required (Pfeifer and

Hill, 1983).
1.5.3.2 Fluorescamine

This reagent is used for postcolumn detection with the amino acid
analyzer developed from the chemistry of the ninhydrin-amino acid
reaction. It provides a 10 - 100 fold increase in sensitivity over
ninhydrin, but its major drawbacks are that 2 postcolumn pumps are

required and that the reagent does not react with secondary amino
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acids. The reaction products are not stable in the eluant buffer
(Pfeifer and Hill, 1983). Reaction is rapid and quantitative, but
the two reaction products formed are bulky. The derivatives are

detected by a fluorescence detector.
1.5.3.3 Dansyl Chloride (DNS-Cl)

The use of dansyl chloride (DNS~Cl) as a derivatizing reagent in
precolumn derivatization for the detection of-amino acids has been
reported by many workers (Wilkinson, 1978; De Jong et al., l98é;
Oray et al., 1983). A typical DNS-Cl procedure entails preparation
of the derivative in acetonitrile, with a borate buffer (pH = 9,5)
added in the ratio of 1:2. The reagent is added to the amino acid
sample (optimum ratio between 5:1 and 10:1) and left to react for
60 min. at 37°C, or for 10 min. at 65°C. It can now be injected
or stored at =-40°C until analysis is required. The reaction can
be terminated by addition of methylamine (De Jong et alﬂ, 1982).
The elution solvents used are normally varianfs of acetonitrile as
one solvent and a buffer system as the other, dependent on which
”DNS—Cl procedure is adopted. Generally 2 columns are employed.
The reagent does not give a very high quantum yield. The reagent
" and reaction byproducts fluoresce, and the technique subsequently
requires their removal. This is further hampered by not having
sufficient specificity on removal., A good sensitivity is lacking
due to quenching effects of the aqueous buffer employed in elution.
Difficulty exists in forming single reaction products reproducibly

(Pfeifer and Hill, 1983), derivatizing at low concentrations and
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reacting with samples in complex matrices, such as seawater
(Gonzales, 1983), amd physiological fluids (Lindroth and Mopper,

1979; Einarsson et al., 1983).
1.5.3.4 Phenylthiohydantoin (PTH)

' This reagent is>one of the earlier substances used for precolumn
derivatization and the procedure is again time-consuming, limiting
its wusefulness for routine amino acid analysis (Pucci et al.,
1983). It is used for the analysis of Edman degradation products
as generated by peptide sequencing. It requires reaction with HCl
and ethanethiol at 80° for 10 minutes. Although a very short
analysis time of 14 minutes has recently been achieved (Pucci et
al.,, 1983), the column has to be thermostatted at 35°C which may
cause column bleed. Detection is by a UV detector set at 245nm,
but may be subject to interferences in biological matrices. This
procedure has a good reproducibility as its main advantage. It
suffers from similar disadvantages to those associated with dansyl

chloride.
1.5.3.5 Orthophthalaldehyde (OPA)

This was originally used as a postcolumn derivatizing reaéent but
is now used extensively for precolumn derivatization (Mell et al.,
1978; Hill et al., 1979; Lindroth and Mopper, 1979; Gardner and
Miller, 1980;v Jones et al., 1981l; Lookhart et al, 1982; »Umagat

et al., 1982; Hodgin, 1979; Fleury and Ashley, 1983). This non-
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fluorescencing reagent reacts with primary amines in the presence
of a reducing agent such as ethanethiol or 2-mercaptoethanol to
give fluorescent derivatives. The choice of reducing agent is
dependent on a variety of factors: Reduction with ethanethiol
increases the stability of the derivative and if reacted in 95%
ethanol, the relative fluorescence increases by about 60% compared
with an increase of about 4% using 2-mercaptoethanol (Hill et al.,
1979). The unpleasant odour of - ethanethiol makes this reagent
unpopular. This reaction proceeds within 1 minute at room tempera-
ture and has a detection 1limit of 50 femtomoles (Lindroth and
Mopper, 1979). This technique has gained wide-spread support in
many applications, particularly biochemistry (Mell et al., 1978;
Jones et al., 198l; Lookhart et al, 1982; Fleury and Ashley,
1983), and marine chemistry to a lesser extent (Lindroth and
Mopper, 1979; Gardner and Miller, 1980; Lee and Cronin, 1982;
Lee et ‘al., 1983). The important advantages are offset by some
disadvantages. The fluorescence of the derivatives is not stable
with respect to time and serious fluctuations can occur within a
few minutes. This is eliminated by injection of the derivatized
amino acidé af%er the lapse of exactly one minute. This obviously
reduces the reproducibility from one analysis to the next, but can
be eliminated by the introduction of an intricate automation system
(Hodgin et al., 1983; Fleury and Ashley, 1983). This is ideal for
work on board ship where the reagent Ean be added to filtered sea-
water directly by an automated system, and the analysis performed
without subsequent clean-up. By choice of reducing agent and con-

trolling certain conditions the stability is reproducible for a few
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hours (Hearn, 1982). Another serious disadvantage is that secondary
amino acid such as proline and hydroxyproline, and also cystine
and cysteine to some extent do not form derivatives with OPA.
However, this can be overcome by an oxidation step using performic
acid for the sulphur amino acids and reaction with a suitable
reagent, such as 4-chloro-7-nitrobenzofuran, for the secondary
amines. The sensitivity of 1lysine and hydroxylysine can be
improved by preventing their decomposition (Umagat et al., 1982).
This is time consuming and offsets the initial advantage'of ease
and simplicity of the precolumn technique. Also,.difficulties in
quantitation may occur due to the use of quenchers (Heinr%kson'and

Meredith, 1984).
1.5.2,6 Dimethylaminoazobenzenesulphonyl chloride (DABS-Cl)

Few applications of this method have appeared, although the method

was developed some time ago (Chang et al., 1981, 1983).

The sample is evaporated under vacuum and the dried residue is
”dissolved in 10 Fl of 6,@2 sodium bicarbonate buffer, pH 9,0.
20 Vl of DABS-Cl solution is added. The sample is heated at 70°C
for 10-15 minutes after which about 300 Pl of 70% ethanol is
added, and the sample then injected. The reagent is hydrolyzed to
DABS-ONa during derivatization and although this absorbs, it is
fortunately eluted ahead of the amino acid peaks. The 1lengthy
derivatization procedure and harsh reaction conditions reduce the

possibility of using this reagent for simple routine analyses. A
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good feature of this technique is that it has a low detection
limit (0,5 - 1 pmol) using absorbance detection wavelength of
436nm. This reagent reacts with all the amino acids including
proline and hydroxyproline. Furthermore, the derivative is stable
and can be kept at =-20°C for one year (Chang et al., 1983), It
has been stated that this technique may suffer from the
difficulties associated with dansylation (reaction of amino acids

with dansyl chloride) in quantitative modification. '
1.5.3.7 Phenylisothiocyanate (PTC)

This reagent hasv been used as a derivatiziﬁg reagent by Heinrikson
and Meredith (1984), and has been used for protein sequencing
using_ the Edman degradation scheme in biochemical studies. No
marine applications have appeared, but the time consuming and
complex procedure involved 'will certainly 1limit any possible
routir;e marine analysis. The reagent itself fluoresces, and it
and the reaction by-products are volatile enough to be evaporated
off. Derivatization is complete in about 5 minutes. The eolmnn
and injection port need to be thermostatted at 52°C which may
affect the column life. Detection is by absorbance set a£ 254nh;
and the 1limits of detection are at the picomole level, The
derivatization is complete for all amino acids, including proline, .

and is stable enough not to require in-line derivatization and

hence the reproducibility is good.
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1.5.3.8 9-Fluorenylmethyl chloroformate (FMOC-Cl)

This is a recént techniqué for precolumn derivatization developed
by Einarsson et al. (1983). Its major advantage is that the
derivatives are very stable and can be stored for about two weeks
at room temperature before any significant breakdown occurs, The
detection limit is very low, in the low femtomolar range when using
fluorescence deteétion, but UV detection at 260nm is possible., It
is characterized by a short reaction time of 40 seconds, and reacts
with all the amino acids. The short reaction time certainly makes
this reagent a viable alternative to the now common OPA technique.
To 0,4ml of sample, 0,1lml of borate buffer (pH = 7,7) and 0,5ml of
the reagent is added. After about 40 seconds the mixture was
extracted twice with 2ml pentane to remove the excess reagent
before it reacted significantly with the water. Effectiveness of
removal of the reagent has been shown to be reproducible, but the
possibility exists of removing derivatized amino acids as well,
Because of these advantages and limited knowledge of any disadvan-
tages, it was decided to develop and expand this technique for our
purposes and to explore the éharacteristics and errors of this

method.
1.5.4 Other reagents and some reviews

A recent review by Pfeifer and Hill (1983) of the state of the art
ofvboth post~ and precolumn derivatization has been published. As

can be expected, the more recent techniques are not mentioned, and
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therefore this review is a bit dated. A good comparison of the
workings of ion exchange and reversed pha'se strategies has been
given, and also the reasons for choice of technique. Other reagents
pertaining to Edman degradation and biochemical studies can be found
in this review, Others such as dimethylaminoazobenzenethiochydantoin
(DABTH) (Yang andWakil, 1984) and phenylisothiocyanate (PTC) (Hein-~
rikson and Meredith, 1984) are recent developments in biochemical
studies not mentioned in this review. These have been discusséd at
some length in articles in the émino acid analyses by HPLC handbook
by Hancock (1984). Here discussions of all forms of separation of
amino écids and peptides have been given, together with a wide
variety of practical applications. Both volumes are very compre-
hensive but have not reviewed the FMOC-CL technique, possibly due

to it being a later development.
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1.6 WHY FMOC-Cl? - ITS ORIGIN AS DERIVATIZING REAGENT

The reaction of chloroformates with amino acids has been used both
for the protection oﬁ the amine group during peptide synthesis
(Matzner et al, 1964; Carpino and Han, 1972; Atherton et al,
1978a) and for analytical determination of primary and secondary

amino acids (Anson Moye and Boning, 1979; Einarsson et al, 1983).

The general mechanistic chloroformate-amino acid reaction proceeds

as follows:

‘/‘mﬂz - C = COOH
[

H
|

R-0-C-ClL + NHy-C=-COOH R-0-C-c1 R
! .
R

g;>

. _ H
|

H #D L -

| ‘ |

R-0-C~-NH - C - COOH + HC1 & R
i I R-0-cdtC1
o R'

This condensation reaction illustrates the greater reactivity of
the amine group towards the chloroformate rather than a carboxylic
acid group of the amino acid, i.e. this reaction is favoured over

peptide linkage (Matzner et al., 1964).

For analytical purposes we require a chloroformate that can easily
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be detected, either by fluorescence or by UV absorbance, and the
end product must be stable. The emergence of 9-fluorenylmethyl
chloroformate (FMOC-Cl) as an amino acid labelling compound came
about not from analytical necessity but, as mentioned before, as

an amino protecting group during peptide synthesis.
1.6.1 The use of FMOC-Cl as an amino protecting group

9-Fluorenylmethanol, reacted with phosgene to give the chloroformate

below:

.@ -

H~ “CHy0H - H  CHaG-Cl

FMoc-cl

This is a stable compound reacting with amino compounds to give

carbamates in yields of 88 - 97% (Carpino and Han, 1972).

The amino protecting groups most commonly used, such as t-butoxy-
-carbonyl (BOC) amino acids, are deblocked under various acidic
conditions. FMOC-Cl as protecting group is stable towards acids
and catalytic hydrogenation, but cleaved readily under mildly basic
non—hydrolyfic conditions. Liquid ammonia, piperidine or éthanol-

amine are used for deblocking (Carpino and Han, 1972).
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FMOC-Cl has also been used for solid phase peptide synthesis using
polar resins and mildly basic con&itions for the final peptide
cleavage (Atherton et al., 1978b), With conventional solid phase
synthesis using t-BOC as protecting group, the vigorous acidic
conditions, both during synthesis and cleavage from the solid
support, cause the formation of major by-products of the synthe-
sised peptide: Using FMOC-Cl as protecting group it was found
that only one peak - the peptide product - was found by HPLC
separation of end products after synthesis démonstrating the

stability due to the mild basic conditions.
1.6.2 The separation of FMOC-amino acid-like compounds

It was found that chromatographic resolution of amino acid-like
compounds by an ion exchange liquid chromatography is improved by
reaction with FMOC-Cl. This produces a fluorphore with a large
quantum yield which is unaffected by the different solute—éolvent
interactions (Anson Moye and Boning, 1979). The compound is
dissolved in acetone and then added to the amino acid solution

together with pH 9 borate buffer. This solutioﬁ is incubated at
23° for 20 minutes and excess reagent is removed by an ethyl ether
wash (Anson Moye and Boning, 1979). Since the carboxylic acid
functional group does not react with the chloroformate, separation
was achieved using anion exchange chromatography. Resolution could
have been improved by ensuring more complete ionization of the
carboxylic acid functional group by using a higher pH in the mobile

phase i.e. pH 6.
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Complete separation of FMOC-Cl derivatized amino acids on reversed
phase HPLC was achieved by Einarsson et al., (1983). The reagent
was dissolved in acetone and borate buffer pH 7,7 was added to the
aqueous amino acid solution. The reaction is complete after 40
seconds, thereafter extraction with pentane removes the excess
reagent before it has time to react with water. The chloroformate
reacts with water to form a hydrolysis product peak which may swamp
nearby amino acid peaks in the chromatogram. Separation was by
gradient elution and the eluant varied linearly from acetonitrile -
methanol - acetic acid buffer (10:40:50) to acetonitrile = acetic
acid buffer (50:50) over 9 minutes. The gradient started 3 minutes
efter injection. Flow rate was at 1,3ml.min-l and was increased

to 2ml.min~l after 12 minutes (Einarsson et al,, 1983).

The problem with the derivatization step was that extraction with
pentane removes some of the less polar amino acid derivatives from

the aqueous solution.
1.6.3 Some reactions of FMOC-Cl

Reaction of amino acids with FMOC-Cl is rapid in slightly basic
solutions. Reaction of tryptophan with FMOC-Cl, sodium bicarbonate
solution aq? dioxane, after 4 E?urs in an ice bath and 8 hours at
room temperature, gave a recrystallized product with a yield of 91%

(Carpino and Han, 1972). Glycine and leucine reacted respectively

giving yields of 88% and 90% after 2 hours reaction at room tem-
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perature (Carpino and Han, 1972). These long times are to ensure
complete reaction and are unnecessary when the reaction goes to

completion in a few minutes, depending on the excess of reagent.

Reaction of FMOC-Cl and glyphosate show that the chloroformate

bonds to the nitrogen rather than the carboxylic acid group:

(o]
|

HO - T - CHy = N - CHy - COOH glyphosate
OH

Monitoring the reaction of FMOC-Cl and glyphosate with respect to
time, Anson Moye and Boning (1979) found that the reaction was
complete in about 5 minutes at room temperature using a sodium

borate buffer of pH 9.

Simple derivatization using a borate buffer of pH 7.7 allows the
rc\e,action to proceed within a minute (Einarsson et al., 1983), but
it has been found to be dependent on the concentrations of each
species involved. Kinetic studies of this reaction were undertaken

during this work and are elaborated on later (Section 2.1.7).

1.6.4 The absorbance spectra of FMOC-Cl

FMOC-Cl absorbs well in the UV region, but has even better fluor-

escent properties which are ideal for detection. Excitation and
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emission wavelengths are quoted as 260nm and 313nm respectively
for fluorescence detection. The UV-absorbance spectrum of FMOC-Cl

in methanol is shown below.

200 250 300 '350 \.nm400

-

FPig. 1l.7: UV-spectrum of 9 fluorenylmethyl chloroformate in
methanol.

- Although the reagent is dissolved in acetone for the derivatiza-
tions in the study, the UV~-cutoff of acetone makes this solvent
unsuitable for use  when observing the spectra of FMOC-Cl below
330nm. ‘Observing the chromatogram of the reagent alone shows peaks
due to contaminated acétone reacting with the reagent. Dissolved
in methanol, the spectrum is clear and the chromaltogram of the

reagent in methanol only gives one peak:
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Fig. 1.8: Chromatograph of reagent in methanol

The unknown peaks at the start of the chromatograph could well be

solvent impurities, but this is unknown.
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1.7 THE EXPERIMENTAL APPROACH OUTLINED

The significance of an amino acid assessment in the marine environ-
ment and the errors associated with existing analytical techniques
has prompted the development of this work. This is demonstrated
from the review of previous amino acid analyses (Section 1.3). The
choice of an adequate analytical HPLC technique was dependent on
the assessment of the precolumn derivatizing reagents employed.
.The experimental work will involve the development of the existing
FMOC-Cl technique (Einarsson et al., 1983) and the further assess~-

ment of certain aspects of the derivatization procedure,

The application of the method to a real-life marine system has
come about from work being done on nitrogenous release from Xkelp
(Brauer, 1986). Other chemical and bacterial profiles should
complement the amino acid results and in so doing should dJdemon-
strate the feasibility of the analytical technique developed.
Furthermorg, the results can give a thorough interpretation of the
processes of exudation  from kelp and the subsequent uptake by

bacteria.
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2. EXPERIMENTAL METHODOLOGY

2.1 ANALYTICAL HPLC TECHNIQUE

2.1.1 Reagents, procedures and equipment

The method used to obtain a separation of amino acids through
precolumn derivatization was based on the published procedure of
Einarsson et al., (1983). The modifications and further testing
carried out during the course of the study are discussed in detail

below.

2,1.1.1 Chemicals and Reagent preparation
Reagents were'prepared according to the procedure by Einarsson et

al. (1983).

The derivatizing reagent was prepared by adding 388mg of
9-Fluorenylmethyl chloroformate (Fluka Chemicals) to 100ml of
Anala1® acetone (BDH chemicals). This gaVe a concentration of

15 mmol.dm~3. This was then stored at -20°C.

Borate buffer was prepared by using 1M boric acid solution prepared
from boric acid (Holpro chemicals). This solution was adjusted to
pPH 6,2 with 1M sodium hydroxide (Laschem) solution. This solution
was thendiluted five times with Milli Q water (Millipore), which

was used in all preparations. This gave a pH of 7,7. This buffer
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was used in the derivatizations.

The acetic acid buffer used as aqueous mobile phase was prepared
by adding 9ml of glacial acetic acid (Laschem) and 3ml of
triethylamine (Merck) to 3dm~3 of water. The pH was adjusted to

pH = 4,20 with 1M sodium hydroxide solution.

2.1.1.2 Chemical procedures

For derivatizations, the amino acid standards (Sigma Chemicals)
and samples were derivatized initially according to the procedure
of Einarsson et al. (1983). 0,5ml of FMOC-Cl reagent and 0,1lml of
borate buffer solution were added to 0,4ml of sample. BAfter a
minute the sample was extracted twice with 2ml pentane (Riedel-de
Haen AG). . This procedure was later disregarded and only O,im; of
reagent and 0,1ml of borate buffer solution were added to O,4ml_of
sample. The pentane extraction stage was omitted. Reasons for

these changes are explained in a later section.

"In order to determine the total combined amino acid (TCAA)
fraction in various samples, the following hydrolysis procedure
was adopted. 20 ml of 6M hydrochloric acid solution (AR, Pal
chemicals) was added to 5ml of seawater sample (or 1lg of solid
sample) in a 100ml conical flask and heated in a Heraeus RT360
oven for 24 hours at 120°C. Iml of this hydrolyzed sample was

added to 20ml of water and the pH adjusted to ph = 7,7.
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2,1.1.3 Instrumentation

The HPLC system used was constantly varying during the course of

this work, as and when more equipment became available.

System 1l: The initial separatory procedures and gradient develop-
ment were achieved using a Varian 5000 liquid chromatograph coupled
to a Varian UV-100 detector and Hewlett-Packard 3390A integrétor/
recorder. A 10 Pl sample injection loop was used ;nd an Altex
Ultrasphere‘ ODS column, with 5 Pm packing and an internal diameter

of 4,6mm was used.

System 2: The reaction kinetics, reproducibility and other aspects
of the derivatization procedure were carried out using a Beckman
HPLC system, comprising of two model 112 pumps,‘a 340 organizer, a
420 contfoller, coupled to a Beckman model 165 variable wavelength
detector. The recorder used was a Kipp and 3Zonen BD40 chart
recorder, resulting in quantitation by peak heights. A 20 ﬂl
injection loop was used which alternated with a 100 pl loop for
lower concentration samples. Columns used were the Altex 15cm
column, then a 25cm Altex Ultrasphere ODS column, with 5 pm
packing and an internal diameter of 4,6mm , when the resolution of

the first began failing ( see pg,78).

System 3: The exudate~uptake study samples were run on the Beckman
HPLC system coupled to a Drew Scientific Chromatography interface

and controlled by an Apple II computer with two disc drives, for
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‘both gradient control and peak integration. This was coupled to
an Epson FX80 printer. The detector used was a Perkin-Elmer 650-8
fluorescence defector with an excitation wavelength set at 269nm
and the emission wavelength set at 304nm for optimal results.
Bandpass was 10nm. This detector was linked to the Kipp and Zonen
recorder. A 20 Pl injection loop was used and separation was
achieved using a 7cm Altex Ultrasphere XL-ODS column vwit‘;_h 3 pm
packing and internal diameter of 4,6mm. The column was encased in

a cartridge to accommodate the replaceable pre-column.

There was a simultaneous progression of work achieved and equip -
ment acquisitioned for each HPLC system. The third system was used

for the field study only.

Other HPLC related equipment used from time to time was a Knauer
UV-Fluorezenz-detektor (fluorescence detector). Thi.s was not
sensitive, due to the use of filters and a mercury lamp whi'ch‘ are
not ideal for near-UV work. Various recorders used were a Pedersen

MR37 and a Perkin-~Elmer recorder.
2.1.1.4 Apparatus

Derivatizations were originally done in 7ml glass scintillation
vials with plastic screwcaps. These were later replaced by 6éml .
glass vials with plastic press-caps (see section 2.1.8). Volumes
of sample, reagent and buffer were controlled using two 5000

Pipetman@ adjustable volume pipettes (Gilson), one set at 0,4ml
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and the other at 0,lml. The plastic pipette tips (C200 poly-
propylene tiﬁs) were replaced after each sample, to prevent

cross-contamination.

pH of the buffers and hydrolysed samples prior to derivatization
were accurately assessed using a Radiometer PHM 84 research pH

meter,

Injections were achieved using a Hamilton 10 Pl syringe when using
‘the 10 Pl injection loop and a 100 Nl syringe when using the other

injection loops.
2.1.1.5 Gradients.

Various gradients were developed for each column and the most
effective in terms of separation and analysis times were chosen.

Gradient development is discussed in sections 1.4 and 2.1.2.2.

Gradient 1: Separation was achieved using the Altex 15cm column.
Flow rate was 2ml.min~l and the remaining percentage mobile phase

made up by the acetic acid buffer:
0 - 5 minutes, 55% Methanol
5 - 12 minutes, 55 - 90% Methanol

12 - 18 minutes, 90 - 55% Methanol

Separation from this gradient can be seen from fig. 2.15.
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rate was
up by the
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Separation was by using the Altex 25cm column. Flow

2ml.min'1_

acetic acid

5 minutes,

8

16

21

25

minutes,

minutes,

minutes,

minutes,

Remaining percentage composition again made
buffer:

55% Methanol

55 - 63% Methanol

63 - 70% Methanol

70 - 100% Methanol

100 - 55% Methanol

The separation from this gradient can be seen from4fig. 2.16,

Gradient 3:

Separation was by using the 7cm Altex cartridge column.

Flow rate was 2ml.min~l. Aqueous phase remaining was again acetic

acid buffer:

0 -

2 -

12 -

13 -

16 -

2

12

13

16

18

minutes,

minutes,
minutes,
minutes,

minutes,

40% Methanol

40 - 60% Methanol
60 - 100% Methanol
100% Methanol

100 - 40% Methanol

The separation from this gradient can be seen from fig. 3.4.
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2.1.2 1Initial chromatography procedures
2,1.2,1 Solvent Problems

Any solvent used for the mobile phase and which contains any
absorbing impurity, will cause large baseline changes when the
solvent gradient is changed. An example of baseline increase is
shown by comparing an isocratic and gradient run of the same

derivatized sample (Fig. 2.1).

5

I

\p v T v ml

) 2 4 6 8 10 12 14
min,
Fig. 2.1: Gradient run (top) and isocratic run (bottom) of 5 amino
acids with contaminated mobile phase. Numbers correspond
to the following: 1 - Asparagine; 2 - Aspartic acid;
3 - Serine; 4 - glutamic acid; 5 - glycine.
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Initial organic solvents used in the separation were acetonitrile

and methanol. This baseline increase was found to occur using

reagent grade acetonitrile. The purity of these solvents, together

with the acetic acid aqueous mobile phase, was checked by scanning

the wavelengths close to that wavelength used for detection.

UV-absorbance spectras can be seen below:
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Fig.2,2: UV-absorbance scans of the solvents used in elution.

Vertical arrow indicates the detector wavelength setting
(265nm). Type of line corresponds to following solvents:
bold line = water; broken line buffer; dotted line
methanol; 1longer striped line acetonitrile,

The normal spectrum of acetonitrile should resemble that of the

buffer. This peak at 265nm is due to the unknown impurity. The

difference in absorbance between acetonitrile and the buffer 1leads

to this baseline increase.

It was decided to redistill the acetonitrile in an attempt at

These
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purification. These attempts met with no success, siﬁce the
impurity apparently distilled over, since it has a sihilar boiling
point to acetonitrile., Passing the acetonitrile through a column
of alumina in an attempt at purification, did not work. According
to McCowan et al, (1984), batches of acetonitrile from various
manufacturers all contain common absorbing impurities, the identity
of some of which are unknown. Those known to be present are some
imides, acetamide and ammoniacal nitrogen. A large amount of the
impurities in analytical reagent grade acetonitrile react with
FMOC-C1 giving many spurious peaks near the end of the chrdmatogram.
This seen by comparing chromatograms of reagent in analytical grade

and HPLC grade acetonitrile: B -

AR

b s

N\

vo " '2 '4 16 '8 '10 v12 114 ‘16 ' -18
. min.
Figure 2.3: Chromatogram of FMOC-Cl dissolved in analytical
reagent grade acetonitrile.
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, o min,
Figure 2.4 Chromatogram of FMOC-Cl dissolved in HPLC grade
acetonitrile,

To overcome this baseline increase problem especially when working
with low concentration samples, "HPLC grade®™ solvents were used
throughout all separation (Section 2.1.l1). UV-absorbance scans of
HPLC grade acetonitrile and methanol, compared to the scan of the
buffer, showed no nett spectral increase near the detector

wavelength setting. > b
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2.1.2.2 Gradient development

A total of 3 gradients were used in this study (see section 2.1.1.5)
and each was developed according to the general procedure listed in
section 1.4.5. As an example, the development of the first gradient,
which was used for most of this section on HPLC technique, is dis-

cussed.

A derivatized amino acid standard was run on the HPLC system 1 (see
section 2.1.1.3) using the 1l5cm ¢olumn and the gradient of Einars-
son et al. (1983), listed in section 1.6.2. Below are 2 chromato-
grams, one of our separation using the gradient of Einarsson et

al. t1983) and the other of the chromatogram they finally achieved:

6 + 6
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Pig. 2.5: Chromatograms from the same gradient, but from different
workers. Numbers correspond to the following amino acids: 1 - aspa-
ragine; 2 - glutamine; 3 - aspartic acid; 4 - serine; 5 - glutamic
acid; 6 - glycine; 7 - threonine; 8 - arginine; 9 - alanine;
10 - tyrosine; 11 - mono-histidine; 12 - water; 13 - proline; -
14 - methionine; 15 - wvaline; 16 - phenylalanine; 17 -~ isoleucine;
18 - leucine; 19 - di-histidine; 20 - orthinine; 21 - di-lysine.



70

It can be seen from these chromatograms that separation cannot be
achieved by merely duplicating gradients. The different columns
used necessitate the development of a new gradient for each column
to separate out these series of amino acids. The chromatograms
demonstrate that the column plays the major role in separation.
Certain amino acids co-elute in our chromatogram and those giving
a weak response are due to loss by pentane extraction (isoleucine
and leucine). A new gradient has to be devised which will separate
out co-eluted peaks and bring peaks which are displaced far apart,
closer together. This is not an easy task as will be seen in the
subsequent gradient development and a compromise between the 2 must
be made. This depends on whether analysis time or resolution is

more important.

Initial attempts at imprdving this gradient were met with limited
success as the acetonitrile-methanol-buffer gradient system does
not separate out all the peaks effectively. It was therefore
decided to use only one organic modifier and vary the percentage
buffer, A good separation was achieved using an acetonitrile-
buffer gradient after the solvent conditions had been optimized.
Acetonitrile is expensive, is prone to contamination, gives a long
analysis time of separation, and was therefore abandoned in favour
of a gradient using methanol as the organic modifier. This gradient

achieved an adequate separation within 12 minutes.

The procedure in developing a gradient is simple to follow {section

1.4,5). Gradients are best achieved systematically by changing one
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variable at a time (Snyder et al., 1979). In setting up a gradient
Wwe Keep the gradient time, flow rate and final solvent composition
constant, changing only the initial solvent compositions. We start
the first gradient using 100% buffer and no methanol. Subsequent
gradients will have an increased methanol percentage as their
starting compositions until the first peak elutes near the solvent
front. The following gradients have been set up and the develop-
ment of the separation is briefly discussed with each chromatogram.
The remaining mobile phase percentage is made up from the acetic

acid buffer:

404
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Fig. 2.6: Chromatogram achieved with the superimposed gradient
(0-20 min; 0-90% methanol}.

Peaks eluted near the end of the run in the above chromatogram
require more methanol at the start of the gradient to allow earlier
elution. Final composition of methanol and buffer is ideal at this

stage as peaks elute before the end of the chromatogram.
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Pig. 2.7: Chromatogram achieved with the superimposed gradient
(0-20 min; 10-90% methanol).
We can see above that the peaks slowly start to move towards the
solvent front.
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Pig. 2.8: Chromatogram achieved with the superimposed gradient
(0-20 min; 20-90% methanol).

Here we see the closer migration of the early eluted bands to the
solvent front. We now need to step up the initial methanol con-

centrations.

N
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Fig. 2.9: Chromatogram achieved with the superimposed gradient
(0~20 min; 35-90% methanol).

The chromatogram now begins to expand but also elution of the later

bands is speeded up.
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Fig., 2.10: Chromatogram achieved with the superimposed gradient
(0-20 min; 50-90% methanol).

The initial peaks above are close to the solvent front and separa-
tion of the middle bands could be brought about by decreasing the

amount of methanol at the end of the run.
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Fig. 2.11: Chromatogram achieved with the superimposed gradient

(0-20 min; 50-80% methanol).
The gradient above becomes increasingly isocratic as final and

initial concentrations tend toward each other.
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Fig. 2.12: Chromatogram achieved with the superimposed gradient

(0-20 min; 50-70% methanol),

Separation above is still not perfect so we increase the initial

methanol concentration again.
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. Pig. 2.13: Chromatogram achieved with the superimposed gradient
(0-20 min; 55-70% methanol). '

This separation above has good resolution for the middle eluted
bands. This is a good basis from which to further achieve maximal

separation. Attempts at increasing the resolution of each peak by

further decreasing the final methanol concentration only increases -

the large separaﬁion between the final bands. An isocratic run of
55% methanol and 45% acetic acid buffer can serve as a basis on

which to develop the final solvent composition,

- - WM/\L’X
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Fig. 2.14: éhromatogram from an isocratic run (55% methanol; 45%
buffer).



76

From the above isocratic run we see the need to initiate the
gradient at about t = 5 minutes to both retain early and middle
resolution, but to speed up the later eluted peaks. We need to
re-equilibrate the column to the initial solvent compositions after
each run, so a 6-minute gradient regeneration stage is included.
Final solvent composition should be at 90% methanol due to all the

peaks being eluted at this composition.

| 11
€O 3
MCO
30 | 50
80 | R
12 F50
40 |
%4204 13 4 : F40
a0 J 15.16 o
° o
0 10 12 14 18,

Min.)

Pig. 2,15: Final chromatogram achieved from gradient development
(gradient: 0-5 min, 55% methanol; 5-12 min. 55%-90% methanol;
12-18 min, 90-55% methanol). Numbers of the peaks correspond to
the following amino acids: 1 - asparagine; 2 - serine; 3 - glutamic
acid and glycine; 4 - threonine; 5 - arginine; 6 - alanine;
7 - tyrosine; 8 - mono-lysine; 9 - mono-histidine; 10 - water;
11 - proline; 12 - methionine; 13 - valine; 14 - phenylalanine;
15 - isoleucine; 16 -~ leucine.

This gradient gives us well separated peaks for a very short
analysis time and was chosen for the initial work done, Methionine
appears to co-elute with proline, due to the larger concentration
of proline in the amino acid mixture. At equimolar concentrations
they become separated. This final gradient is gradient 1l in

section 2.1.1.5.
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Once the resolution began failing on this 15cm column, the 25cm
column was used and the gradient was developed similar to the
procedure explained for gradient 1. The following gradient and

separation for this column are shown below.
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Fig. 2.16: Chromatogram achieved from the éuperimposed gradient of
amino acid standard A2908 (sigma). Numbers correspond to the

following amino acids: 1 - acetone; 2 - cystine; 3 - cysteic
acid; 4 - taurine and asparagine; 5 - aspartic acid; 6 - serine;
7 - glutamine; 8 - unknown; 9 - mono-histidine; 10 - glycine;
11 - threonine and- arginine; 12 - alanine; 13 - tyrosine;
14 - mono-lysine; 15 - mono-histidine; 16 - water; 17 ~ ammonia;
18 - proline; 19 - methionine; 20 - valine; 21 - tryptophan;

22 -~ phenylalanine; 23 - isoleucine; 24 - leucine and norleucine;
25 - reagent peaks.
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This is gradient 2 in section 2.1.1.5. It is unfortunate that
some peaks still co-elute énd as the column is used with time the
resolution decreases. This 25cm column was extensively used before
it was used for this work, so a newer column would give even better
resolution. The large expenSe of these columns requires more than
maximum use of the columns. Lack of resolution can be improved by
newer gradients or by replacing some of the packing material. It
would be ideal to devise a system for repacking the columns. After
many runs with the longer column a resolution decrease was noticed.
Replacing the upper 4-5mﬁ of column packing with new, larger parti-
cle size packing material (Altex 10 ynlbpacking), the resolution

improved considerably.

Gradient 3 was developed along similar lines, but much more ;ime
was spent on "fine-tuning" the solvent conditions. This separation

can be seen in section 3.1.1l.

2.1.2.3 Peak identification

single amino acids in solution were derivatized and run. From the
position of the solvent front, the derivatized component, the
hydrolysis product pgak and a standard run superimposed upon this
chromatogram, we can identify the peak from the retention times._
This can be done for all the amino acids. Further identification
by spiking is both necessary due to irreproducible retention times
and the formation of more than one product. Identities in fig. 2.15

were done by retention times and those in fig. 2.16 by spiking.
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Identification by spiking in fig. 2.16 proved difficult due to the
large amount of derivatized amino acid added which swamped closer
peaks. Contradictions in identification or possible superimposition

of peaks occurred for taurine and asparagine, and serine and

glutamic acid.
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2.1.3 Formation of di-labelled products

Upon identification by retention times, it was found that histidine
and lysine formed more than one derivative. According to Einarsson
et al. (1983) these amino acids, as well as ornithine, should be
eluted last as they form di-labelled derivatives. This is because
of their structure - they have 2 reactive nitrogen sites on the
molecule. It was glso stated that histidine can form a mono-deriva-
tive which elutes between glycine and glutamic acid. The following

chromatograms for derivatized histidine and lysine were obtained:

i
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Fig. 2.17: Derivatized histidine peaks.
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Fig. 2.18: Derivatized lysine and histidine peaks.
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Fig. 2,19: Derivatized lysine peaks. Numbers for the above chroma-
tograms correspond to the following amino acids and products:
1 - acetone; 2 - mono-histidine peak 2; 3 - mono-lysine péak 2;
4 - mono-lysine peak 1; 5 - mono-histidine peak 1; 6 - hydrolysis
product; 7 - di-histidine or reagent peak; 8 - di-lysine or
reagent peak.

We see that both histidine and lysine form peaks which elute before
the hydrolysis product peak 6. They should in fact elute near our
reagent peaks, if previous work is correct (Einarsson et al.,

1983). Histidine and lysine under our reaction conditions (pH,
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I1f we can find out at what conditions the di-labelled products are
preferred, we could identify them amongst the reagent peaks. Runs
of standards with and without histidine and lysine failed to iden-
tify any di-labelled products. Comparing lysine and histidine
chromatograms to derivatized water runs, gave no identifiable
di-labelled product peaks near the reagent peaks. The possibility

of co—-elution does exists.

The reason for the formation of 2 mono-products for these amino
acid can be understood by observing their structures. The follow-

ing reactions for both histidine and lycine are shown below:

NH2

CH,CHCOOH )

: CHp-0-C=0 '
/==/ + FMOC-Cl (R)/} I!IH @
N N :

l CH7CH~COOH

NN
R 1\
CH,-0-C=0  CH,CHCOOH

@ N\/N NH,

4
H

HISTIDINE

Fig. 2.20: Possible reaction pathways of histidine and FMOC-Cl.
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!R: .
Hp-0-C=0 (:)
+ Fuoc-C1 (gl ]
HN(CH2)4CHCOOH
HoN(CH;) 4CH(NH7)COOH
NH »
LYSINE

R

|

CH0-C=0

@

H-N(CH, ) 4CHCOOH

NH

Fig. 2.21: Possible reaction'pathways of lysine and FMOC-Cl.

These reactions are pH dependent as the reaction liberates hydrogen
jons (see section 1.6). Furthermore we would assume that7 the
: \
formation of the di-labelled products. would be dependent on the
amount of reagent. The excess reagent may add on again to the
mono-labelled product. It is ‘possible that the' above reactions
are equilibrium reactions whiéh favour one of the mono—pfoducts
preferentially. This is shown by the differing peak intensities

of the mono-products. Removal of the protons on the nitrogen

reaction site would play a major role in this reaction.

The order of retention of these singly labelled products is another
interesting factor. The polarity of the mono-labelled products is
- what would determine the retention time as their size and mass

would be the same.

From the chromatograms we see a distinct difference in retehtion

time for each mono-derivative due to the polarity difference. In
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this case structural isomers are separated by HPLC. To understand
the order of elution we require more knowledge of their polarities.

Wwe would also need to know which peak belongs to which structural

isomer.

A standard containing only histidine and lycine was run at differ-
ing pH to determine the extent of reaction of the different

products., A plot of peak height versus pH is shown below:

64
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Fig. 2.22: Plots of peak height versus pH for histidine and 1lysine

derivatives.

An increase of the mono-histidine 2 peak with respect to pH occurs.
This reaction seems to be favoured as the hydrogen ions which are

liberated can be accommodated at higher pH. Mono-histidine 1 in-
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creases, then decreases as the pH is increased. At pH 11,68, the
mono-histidine 2 increase is dramatic and at the same time there
appears to be a proportionate decrease in mono-histidine 1. The
di-histidine peak (which is most probably a reagent peak) decreases .
on increasing PpH. If these peaks are reagent peaks, then their
decrease on increasing pH is consistent with a larger product

formation at higher pH.

The mono-lysine 1 peak increases on increased pH. This reaction
favours a higher pH. The mono-lysine 2 peak decreases on higher
pH, but up to pH 10 reacts in an equal proportion to mono-lysine 1.
The increase of peak 1 is equivalent to the decrease of peak 2 at

pH = 11,68.

It was assumed that an excess of reagent would drive the reaction
towards the formation of the di-labelled products. A plot of peak
height versus reagent volume (excess reagent) was drawn up. This

can be seen overleaf:
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Fig. 2.23: Plots of peak height versus reagent volume for histidine
and lysine derivatives.

These values have been corrected for the nett increase in volume of
the standard as the reagent volume is increased. Any ch&nges in
peak height are therefore proportional to the original concentra-
tion. On increased reagent volume mono-lysine peak 1 increases.
Mono-iysine 2 increases slightly and fluctuates about this increase.
Mono-histidine 2 remains low and constant. Mono-histidine 1l fluc-
tuates dramatically. The reason for this is not élear. From the
chromatograms of this study we have observed no erroneous peaks

near the reagent peaks that could be attributed to the di-labelled




88

products. We need more clarification on the reactivity of these
amino acids that could form di-labelled products. It was thought
that the di-labelled _products were retained on the column and
could not be eluted off under the final solvent conditions of the
gradient. After running with pure methanol at the end of a
gradient for a short while this did remove some column contaminants.
Further runs with a strong final solvent strength after the column
had been washed failed to produce peaks that could be singled out

as di-labelled products.

— We have observed the following poinﬁs which Einarsson et al., (1983)
have not made clear: (1) Histidine and lysine each form 2 peaks
upon derivatization and separation. (2) No di- labelled products
can be idéntified. (3) There is a pH and reagent concentration are
important factors in determining which product would be favoured.
(4) Possibility of quantitative error in some analytical assess-
ments due to co~e1ﬁtion. (5) Tyrosine gives only one peak and a

di-labelled product can not be identified.
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2.1.4 The use of other solvents in the derivatization procedure

The method requires the use of acetone as solvent for FMOC-Cl when
derivatizing a sample (Einarsson et al., 1983). This causes a
large peak to appear at the start of the chromatogram due to
acetone having a high absorbance at 265nm (acetone has a UV-cutoff
of 330nm). The tail of this large peak can swamp earlier eluted
peaks when the amino acids are in low concentrations, when using a
high detector sensitivity and a low recorder attenuation. Attempts
were madg to use other solvents which would not give this large
tailing peak and perhaps have some other merits, such_as extraction
selectivity associated with the pentane extraction stage. The
choice would have to be a solvent having a UV-cutoff lower than

the wavelength setting on the detector.

As a first attempt, the reagent was dissolved in péntane as this
would not require further extraction. Since pentane removes
excess reagent from solution, the relatively non-polar reagent
will not pass from the non-polar pentane phase into the amino acid
aqueous phase. The opposiﬁe in fact occurs, Thié can be seen
chromatographically by having only " one eluted peak, namely the

reagent peak and no amino acid peaké.

Methanol and ethanol were used but due to their relatively
non-polar nature, gave similar results as pentane. We therefore

could not use these solvents.
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Acetonitrile shows similar properties to acetone in that the
derivatized amino acids remain in the injected aqueous phase, but
whereas some acetone and reagent become extracted, acetonitrile
does not become extracted, nor does it allow the reagent peaks to
be extracted. These are only marginally extracted when a large
volume of pentane is used. A study of the chromatograms of deriva-
tized amino acids using acetonitrile as solvent showed hardly any
peak height decrease upon extraction with increasing volumes of
pentane, Compared with acetonitrile, acetone becomes extracted
and also allows much more of the derivatized amino acids to become
extracted, particularly those less polar eluting near the end of a
run. It is possible that these species are "carried" by the acetone
to the pentane phase, as acetone is removed from one phase to the
other. The loss of these amino acids questions the efficiency and
usefulness of the extraction step, which is discussed later.

Runs of the pentane .extracted phase using acetone 'as solvent

support these findings:

1. No amino acid peaks are found eluting before-the hydrolysis
product peak.

2. Large reagent peaks and smaller, later eluted amino acid
peaks are found (i.e. relatively non-polar species are
extracted).

3. Acetone forms a peakv in this pentane run, confirming its
extraction. This causes a pre-concentration of the aqueous

phase and increased sensitivity.
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Due to the presence of large impurity peaks in derivatized aceto-
nitrile and the reduced sensitivity compared with acetone, it was
decided to continue using acetone as a solvent. Furthermore, since
fluorescence detection is finally used for the field study, the

' large acetone peak does not show as it does not fluoresce.
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2.1.5. The feasibility of the extraction procedure

When FMOC-Cl is added to a sample, the time taken for complete
reaction of the amino acids is primarily dependent on the concentra-
tion of the amino acids in solution and the amount (concentration)
of reagent added, amongst other factors such as pH and temperature,
The pentane extraction step removes the excess reagent before it has
time to react with water, but after it has reacted with the amino
acids. This time is crucial for optimum results if the water peak
is to be kept to a minimum and all the amino acids have reacted.

The efficiency of extraction was investigated by plotting peak
heights versus time of extracted and unextracted samples containing

only asparagine and phenylalanine. These 2 amino acids were chosen
because of their position on the chromatograms. The asparagine
derivative is the most polar and elutes first of all the amino'acid
peaks, and phenylalanine, the least polar, elutes last. The size

of the hydrolysis peak and reagent peaks could also be monitored.

The reaction times were 0,5; 1; 2; 18‘and 36 minuteé before injec-
tion for the unextracted species., The same times were used before
extraction for the extracted species. The derivatized sample was
injected after each of the above reaction times and thereafter each
was immediately extracteé with 1ml of pentane, This same sample,
which was now extracted, was injected after its first unextracted
run. The extraéted sample runs had therefore a 20 minute lag behind

the unextracted runs, which initially was not considered a source of
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error. Further reaction would not have occurred within this time
interval, as it was assumed that all the reagent was extracted.
Each extracted sample -was treated in the same manner so this lag
possibly had the same effect. This is dependent on the amount of
reagent left each time. The unextracted species have trends which
are followed by the extracted species suggesting this lag had

little effect on the determinations.

The trends of reactivity shown by these plots deviated from what
was expected and certain errors become apparent. The asparagine
peak was off-scale at the 18 minute reaction, and suffered split

peaks at the 2 minute reaction. These plots can be seen below:

0% ‘s 10 15 20 25 30 35

FPig. 2.24 Plots of peak height versus time for extracted and
unextracted asparagine derivative,

T. (min)

40
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Figure 2.25 Plots of peak height versus time for extracted and
unextracted phenylalanine derivative,
Observing the graphs it can be seen that the unextracted amino acid
plots follow certain trends: maximum sized peak heights are'
" reached very quickly and should remain constant. This is due to
the amino acids reacting very dquickly wiﬁh the reagent so that the
amino acid are totally consumed. The reason for the sudden decrease
for the extracted species at the 2 minute reaétion time is not too
clear. This could be due to avslightly larger amaunt of pentané
which was used in the extraction compared with the other extrac-
tions. This would explain the larger phenylalanine dip at the 2
minute interval, but the opposite effect would occur with aspara-
gine - the. increased penégne would have removed more acetone

concentrating the solution.
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The reagent and hydrolysis product profiles were so erratic that
no expected trends could be seen. The large reagent peaks which'’
were off-scale did not give sufficient information to explain their
profiles. From the data it is clear that the pentane extraction
stage is more prone to error than the unextracted solution. From
previous data, it was shown that pentane can remove the less polar
amino acid derivatives from the solution (Section 2.14). With this
in mind a method was developed that would not require pentane
extraction. By reducing the reagent volume and allowing a'workable
size hydrolysis product peak to form, we could overcome the problems
of irreproducibility and error. This work led to the study of the

kinetics of derivatization.
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2,1.6 pH and derivatization

The reaction of FMOC-Cl and amino acids release protons (see
section 1.6 for mechanism), and thé effect of initial pH on deriva-
tization should therefore be assessed. Samples having a large
difference in pH from ideal reaction conditions (slightly basic
medium) may adversely. affect the quantum yield of the derivatized

amino acids.

The buffer used in derivatization is important in maintaining a
slightly basic medium to counteract the excess protons formed
during reaction. The pH is kept at 7-8 to avoid tyrosine from
forming a di-labelled product (Einarsson et al,, 1983)., The borate
buffer used has a pH of exactly 7,7. The pH of hydrolysed samples
is too low to allow the derivatives to be formed and the buffering
capacity of the buffer is too weak at this very low pH. This
vis overcome by adding a few drops of sodium hydroxide solution to
maintain a pH of 7,7. This is controlled by a pH meter. The buffer
is then added before derivatization., If the reaction cannot proceed
-in an acidic medium, then it would be important to find out at what

basic pH the reaction proceeds best,

In order to determine the effect of pH on the extent of derivative
formation, a series of equimolar amino acid solutions from pH 6-11
were derivatized and plots of peak height versus pH were drawn up.
The borate buffer was not added in'case it affected the pH. The pH

before derivatization was measured using a pH meter.
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Pig. 2.26: Plot of peak height versus pH for some amino acids.
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Pig. 2.,27: Plot of peak height versus pH for some more amino acids.
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From the graphs it becomes apparent that Fhe reaction is
definitely pH dependent. The error associated with a small pH
change could be large: 1 pH unit would quantitatively give up to
a factor of 4 difference, depending on the amino acid. The pH for
future derivatizations would have to be carefully controlled,

especially for samples with a large deviance from neutrality.

A higher sensitivity is achieved using a higher pH (more product
is formed) and this must be weighed up against the maximum allow-
able pH of the HPLC column (for an ODS column, a pH of 8 is a
workable maximum)., However, at a much higher pH of derivatization,
the low pH of the mobile phase buffer (pH of 4,2) would counteract
this large pH upon injection, It was decided to maintain the pH

of the derivatizing buffer and control this pH for the samples,

In fig., 2.26 we see the amino acids all follow the same trends - a
maximum amount of product is formed at pH = 9 (in a further study
of the pH between 9 and 11, it was found that this maximum is at
pH = 10). In fig. 2.27 the amino acids valine and proline follow
a different trend in that they form the maximum amount of deriva-
tive at pH = 1l1l. At a higher pH for these species, accommodating
the liberated protons seems to be favoured. The water peak is
reduced on increased pH, possibly due to reagent loss from the
format;Bn of amino acid derivatives. Mono-histidine decreases
with increasing pH, possibly due to the formation of di-histidine,

but previous results cannot confirm this,
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The reactivity at different pH of these amino acids may be
dependent on a number of factors such as the removal of the proton
on the amine group by a basic medium to allow reaction, or the
ability of the basic medium to react with the protons formed
during thé derivatization. This must involve the dissociation
constants (pKa) for the amino acids, but the trends experienced in
the graphs «could not be correlated with their dissociation
constants., It was also found that the type of amino acid, whether
basic, neutral or acidic was independent of the shape of the pH
plot. There must be some other factor or combination of factors
that can account for the shape of these plots. There is a
possibility that the reagent is consumed before it reacts with all
the amino acids, but evidence from a similar study of pH 9 to 11
show the same trends experienced for all the amino acids. The
chromatograms of this experiment can be seen at the end of this

section.

The effect of pH on the derivatization was much larger than was
previously thought, so it is quite possible that the reproducibi-
nlity will be affected on slightly differing pH. The buffering
- capacity of the borate buffer is quite weak (pH = 7,7), so for
acid hydrolysed samples, the pH should be brought as close as
possible to pH 7,7 in order that the buffering capacity can be
effective. - All unknown samples have their pH determined before
derivatization takes place. We need to investigate whether or not
the pH changes upon reaction (dqe to loss of protons) without the

buffer being present. Furthermore, all acid washed glass vials



- 101

used for derivatization release a large amount of protons from the
glass walls sufficient to actually change the pH considerably.

All vials used in future work were rather washed with methanol

after the pre-washes,
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Fig. 2.28:
the following:
acid; 4 - arginine;
8 - proline;

9 - methionine;

Derivative formation w.r.t. pH.
1 - asparagine;
5 - alanine;

2 - aspartic acid;
6 - mono-histidine;

10 - valine;
12 - isoleucine; 13 - reagent peaks.

Numbers correspond to
3 - glutamic

7 - water;
11 - phenylalanine;
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2.1.7. Reaction kinetics

Since we have omitted the pentane extraction stage, we now have to
determine the rate of amino acid reaétion, and the rate of hydro-
lysis product formation for different reagent volumes (which is
proportional to reagent concentration). If we use too much reagent,
the water peak could swamp closer important peaks such as the

mono-histidine derivative (the only effective histidine peak for
guantitative assessment) and ammonia, which lies as a shoulder on
the water peak (see fig. 2,16). If we use too little reagent, not
all the amino acids will be able to react before»the reagent is
used up. We have to work out a comfortable excess of reagent to
add for the range of concentrations of sténd%rds «and samples we
are working with. From the data of reactivity and time, we can

work out some simple Kinetics for the reactions concerned.

A time series study of the reactivity of reagent and the amino
a;ids was set up. This study compared reagent volumes (0,05ml,
0,1ml and 0,2ml) and reaction times (3 min, 23 min, 44 min and 180
min) as a function of peak height. It was found that for each
reagént volume added, the reaction proceeded after the first 3
minutes. Only the size of the hydrolysis product peak increased
after this ﬁime. Taking the 20 minute reaction (choice purely
arbitrary) we can look at the effect of reactivity (peak height)
with increasing reagent volume., We again choose the 2 amino acids
phenylalénine andv asparagine, The followipg graph can be seen

overleaf:
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Fig. 2.29: Peak height versus volume of reagent for a 20 min
reaction.
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From the graph, most of the amino acids have reacted after 0,2ml
of reagent has been added. At 0,lml of reagent, the water peak
and amino acid peaks are of the same order of magnitude., These
amino acid peaks are not much lower than those for 0,2ml of reagent
(peak height is lower by 15% for asparagine and 21% for phenyl-
alanine). Bearing in mind that this is a very concentrated standard
(+ 10mmol.1-1), we would be dealing with very low concentrations
in marine samples, having a almost non-existent percentage error
(less amino acids to react with the reagent). Reproducibility at
lower concentrations would not be in doubt. when using a réagent
volume of 0,1lml. Adding further amounts of reagent would have the
effect of only increasing the hydrolysis product peak as can be
seen from the linear extrapolation, as all the amino acids would

have reacted and only water would be left to consume the reagent.

To determine the extent of reagent consumption by water alone,
0,1ml of reagent was added to 0,4ml of pure water according to the
procedure developed. The ratio of reagent 1loss to hydrolysis
product formation was plotted as a function of timé. Due to the
possibility of non—réproducibility upon each derivatization at the
short reaction times used, it was decided to work with peak height
ratios, so any nett difference‘due to an aspect of the derivati-
zation procedure would be cancelled out (e.g. injection volume

difference). The following graph was obtained:
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Pig. 2,30: Peak height ratio of reagent and hydrolysis product
peaks versus time of reaction.

We can see that the uptake of reagent by water is fairly rapid, ana
slows down as more reagent is consumed. Compared with amino acid
uptake, as we will see in detail later, this rate is very slow and
this can be utilized to keep the hydrolysis product peak to a
minimum. Once the amino acids have reacted and the hydrolysis
product begins to form, we can inject the sample within a fair
margin of time before it becomes too iarge. This graph shows that
reagent will consume the water at a rate which is dependent on the

concentration of the reagent (water is in a great excess because
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of the aqueous medium of the samples). As more reagent is consumed
the reaction becomes slower and this implies an equilibrium reac-

tion which is concentration dependent.

If we now observe asparagine and phenylalanine together with the
water peak in a single run, we can seel the relative rates of
product formation. From this we can draw up an ideal explanation
of the rates of reagent loss and product formation. Below are the
graphs of amino acid and water peak heights due to reactivity with

respect to time:

—Asn_
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Fig. 2.31: Reactivity of the amino acids and water showing plots
of peak heights versus reaction time.
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The above‘graph is for a reagent volume of 0,1ml. A further point
at 180 min (off-scale on above graph) maintained the horizontal
position of the amino acids having the same order of magnitude as
the points at 22 and 44 minutes. The hydrolysis product peak main-
tained a steady increase. We can see that the reactionvproceeds
rapidly within the first few minutes, and this reaction is too fast
to monitor by using HPLC. This is obvious when considering the
turnabout time between the injections and possibility of further
reaction within the chromatograph before the amino acias become
separated from the reagent (within the dead volume of the chromato-
graph). Furthermore,adequate assessment of the hydrolysis product
peak forﬁation is prone to further error as the reagent continues
reacting with the aqueous mobile phase during- separation. Since
this affects each injection, it would not allow a large error
between runs. The effect of reaction with the mobile phase can
easily befseen by injecting pure reaéent éﬁd observing the hydro-

lysis peak that has formed.

The graphs all confirm that reaction with water is slower than
reaction with the aminp acids. The reaction is définitely con-
centration dependent, and has been shown to be pH-dependent. This
would explain an equilibrium reaction between reagent and amino
acids, and would therefore account for the shape of the graphs

given,
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2.1.8 Reproducibility and peak stability

A series of 6 derivatizations of an amino acid standard was run to
determine the reproducibility of this technique. The derivatiza-
tions followed the procedure of reduced reagent voluﬁe (0,1ml) and
no pentane extraétion. Qualitatively the chromatograms appeared
identical with only the water peak increasing between each run.
One such chromatogram is shown in fig. 2.32. This ‘increase was
due to the reagent further reacting with water with respect to
“time. This did not affect the intensity of the other peaks. On a
quantitative basis the mean values and error of the peak heights

are given below (concentrations = 2 Fmol.dm'3):

amino acid mean % error
asparagine 9,06 + 0,56 6,18
aspartic acid 8,00 + 0,40 5,00
glutamic acid 4,19 + 0,17 4,00
arginine 4,01 + 0,24 6,00
alanine 1,30 + 0,11 8,00
mono-histidine 1,60 + 0,32 20,00
proline 2,81 + 0,13 4,60
methionine 3,16 + 0,09 2,85
valine 4,32 + 1,18 2,73
phenylalanine 4,62 + 0,09 1,95
isoleucine 2,55 + 0,15 5,88

The large errors of mono~histidine and alanine are due to these
amino acids being in 1lower concentrations resulting in smaller
peaks. The percentage error varies for each amino acid and ranges
between 2 and 6%. Values given by Einarsson et al. (1983) range
between 2,4 and 6,4%. These results agree well even though this

procedure of theirs would be prone to a larger error due to the
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pentane ektraction stage. Our percentage error is very good con-
sidering the peak heights had to be calculated manually, as no form
of integration system was available at the time of calculating
reproducibility. The large fluctuation in peak height for differing
pH would give much larger errors, so this reproducibility calculated
gives us an indication of the relatively good pH stability of deri-

vatization. These percentage errors are within acceptable limits.,

In a test of reproducibility with respéct to time, a derivatized
amino acid standard from the above study was analysed periodically
up to 330 hours after derivatization. A chromatogram of a deri-
vatized sample after a few minutes and one of the same derivatized

solution some 330 hours later can be seen below:

i3
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Pigure 2,32: Run of an amino acid standard after a few minutes.,
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Fig. 2,33: Run of same standard after 330 hours. Peaks correspond

to the following amino acids: 1 - acetone; 2 - asparagine;
3 - aspartic acid; 4 - glycine; 5 - arginine; 6 - alanine;
7 - tyrosine; 8 - mono-histidine; 9 ~ water; 10 - proline;
11 - methionine; 12 - valine; 13 - phenylalanine; 14 - iso-

leucine; 15 - reagent peak.

From the above 2 chromatograms certain factors become apparent. The
acetone peak 1 is almost entirely reduced in the later chromatogram;
this is due to the acetone evaporating through the- screw-caps of
the vials, These vials had the cork removed from their plastic caps
to avoid contamination, and so doing lost the airtight seal. Later
press-cap vials proved very .effective in stopping this acetone
evaporation. This evapora%ion has also led to an increase in the
intensity of the ‘peaks due to pre-concentration. The water has
consumed most of the reagent in the later chromatogram and hence
shows comparatively no reagent peaks 15 and a very large water

peak 9.
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The size of the amino acid peaks remain the same demonstrating the
good stability of the derivatives. A graphical representation of

the stability over this 330 hour period can be seen below:
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Fig. 2.34: Stability of peak heights with respect to time.




113

The above graphs show this stability and that the derivatives
react totally within the first few minutes. This stability is
quantitative either once the acetone is prevented from
evaporating, or- has evaporated totally. There is still the
gradual increase of the hydrolysis product peak compared with the
almost instantaneous amino acid reaction, From this and data on
the reaction kinetics we need not worry about reagent consumption

by water before all amino acids have reacted.

We have discussed derivative stability over periods of minutes and
hours. We now observe the stability in sunlight for a period of
about seven months. Below is a series of chromatograms from one

derivatized solution under different conditions with respect to

time:
4
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%
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Fig. 2.35 Amino acid standard run after 2 days kept in the dark.
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Fig. 2,36 Same standard after 63 days at room temperature and in
the freezer.
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Fig. 2.37 same standard after 66 days of which 3 were in sunlight.
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Fig. 2.38 Same standard run after 202 days of which 139 were in
sunlight, '

Figs 2.35 - 2.38: Time series study on peak stability. Numbers
correspond to following amino acids: 1 - asparagine; 2 - serine;
3 - glutamic acid; - 4 - glycine; 5 - threonine and arginine;
6 - alanine; 7 - tyrosine and mono-histidine; 8 - hydrolysis
product; 9 - proline; 10 - methionine; 11 - valine; 12 - phenyl-
alanine; 13 - isoleucine; 14 - leucine; X - unknowns.

We can see that there is relatively no change in the size and shape
of the first 2 chromatograms after 63 days of periods in the
freezer, at room temperature and in the dark. We notice some minor
changes after the solution is left in intense sunlight for a period
of 3 days (chromatogram 7.5); Certain peaks increase and others
decrease slightly wunder these conditions. There 1is no nett
increase due to evaporation of acetone as the vial used was an
airtight scintillation counter vial with rubber stopper and screw-
cap. Major changes occur'after 202 days in suﬁlight. Some unknown
peaks X are formed and some peaks have increased dramatically in

size (e.g. peak 11 - Valine) or been reduced entirely (10 - methio-
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nine). This chromatogram was run using a modified methanol-buffer
gradient, whilst the other three chromatograms were run by the
acetonitrile-methanol-buffer gradient of Einarsson et al, (1983).
Despite the changes in the last chromatogram, it becomes clear that
the derivatives are so stable that normal exposure to heat and light
between derivatization and injection would not affect the derivative
in the slightest. Derivatization can be done in situ and left in
the sun for a few days before proper storage is available. They can
be left in the freezer and in the dark for very lengthy periods be-

fore injection. Care must be taken to prevent acetone evaporation.
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2,1.9 Summary of the experimental factors and some kelp physiological

applications

From these previous studies of important experimental factors,

certain points have become apparent.

In observing the pH of reaction, the pH of the sample must be
brought as close as possible to the operating pH of 7,7 before the

buffer and derivatizing reagent are added. Highly acidic or basic
samples need to be neutfalized before derivatization. Failing this

the reproducibility could be affected.

Water reacts.with the reagent and may swamp the closer amino acid.
peaks, so the reagent volume and time of injection must be con-
trolled to some extent. The reaction of water with the reagent is
slower than the reaction with amino acids and this is used to

advantage in reducing the amount of hydrolysis product formed.

Certain amino acids form 2 mono-labelled products, the chemistry
of their reaction is 1little understood. Further“ investigation
into a method for the conversion of mono-labelled products to one
di-labelled product is required. Interference from the reagent

peaks must be overcome.

Either the pentane extraction stage is improved to reduce loss of
amino acid on reagent removal, or other means- of removing the

reagent need to be developed. Removal of excess reagent after
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amino acid reaction would be important in halting hydrolysis
product formation. Some reproducibility has to be sacrificed in
utilizing the pentane extraction stage. On the other hand, some
resolution has to be sacrificed to keep the reproducibility by
eliminating extraction., These have to be weighed up in deciding

which is required.

Acetone forms a large absorbance peak on elution that swamps closer
amino acid peaks. Reducing the amount of added acetone and using

a fluorescence detector overcomes this interference.

This technique is characterized by an almost instantaneous amino
acid derivative formation and a subsequently impressive product
stability. The reproducibility is well within limits provided the

pH of the sample can be brought to reaction requirements.,

A series of trial applications of the methodology to physiological
samples were undertaken to both determine the amino acid profiles
of kelp matter and to check for any matrix interferences normally
associated with physiological fluids. Frozen and dried portions of
kelp frond were extracted with ethanol for a day to determine the
amount of free amino acids present., More samples were hydrolysed

to determine the amount of total combined amino acids.

A portion of the ethanol used for kelp extraction was derivatized
according to the procedure and then separated by HPLC. The follow-

ing chromatograms were obtained.
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Pig. 2.39 Chromatogram of an ethanol extract from a frozen kelp

frond section.
1l - acetone;
5 - glutamic
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13 - valine;
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Fig. 2.40 Chromatogram of an ethanol extract from a dried kelp

frond section.
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The ethanol releases the dissolved free amino acids from the kelp
into solution. No bacterial breakdown occurs in this ethanol
medium. A large amount of free alanine is found in kelp judging
by the relatively large peak 7 for both of the samples, The
difference in amino acid profiles between the dried and frozen
kelp species is interesting. The largest amount of change would
have occurred in the dried kelp species, this can be seen by the
large amount of ammonia present (peak 10), which is a known
breakdown product of amino acids (Hollibaugh et al., 1980). The
glycine peak 5 for the dried kelp species is non-existent. It
will suffice to say at this stage that biochemical changes of the
free amino acids in kelp are very rapid and samples should either
be treated immediately or preserved until analyses can be done.
There are no other physiological compounds that form interfering
peaks within the run. Thgre are unidentified peaks (peaks no 17)
eluted last that could be due to péptides or other less polar

amino acid derivatives.

To determine the total combined amino acids, the hydrolysis
procedure in section 2.1.1.2 was applied to the frozen and dried

sections of frond. The following chromatograms were achieved:
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Fig. 2.41: Chromatograms of hydrolysed amino acids from a frozen
kelp frond. Numbers of amino acids have been given in

fig. 2.39.
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Fig. 2.42: Chromatograms of hydrolysed amino acids from a dried
kelp £frond. Numbers of the amino acids are given in

fig.2.39.
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The above 2 chromatograms are qualitatively very similar, except
for a large amount of proline for the dried hydrolysate. . It is
possible that physiological changes occur due to stress of some
sort (e.g. temperature, dehydration). This may affect the amino
acid profiles. Monitoring these changes by controlling one variable
in a time-series study would give us a better understanding of amino
acid profiles in kelp. The concentrations of the total combined
fraction are about five times larger.than the free amino acid frac-

tion.
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2,2 FIELD STUDY METHODS
2.2.1 Devising the experiment

Having developed a suitable analytical technique to determine amino
acids in seawater at the concentrations expected, it was decided
to plan a field exercise in which these methods would be used to
attempt to quantify the nett process of éxudation from kelp in a
simﬁlated natural environment., The experiment- was desighed in a
simple way to minimise any extraneous effeéts. Unfortunately, the
results were far more complex than were anticipated and obviously
even. such éimple experiments in the marine environment 1lead to
results which are difficult to interpret (see Discussion). Never-
theless, the study is reported on here since some insight into
exudation and bacterial action can be gained. To observe the nett
process of exudation and uptake, a kelp frond was placed in a

bucket of previously unfiltered seawater and sampled at various
time intervals for 240 minutes. At 120 minutes the kelp was reﬁoved
to monitor the nett uptake of the previously exuded species. For
"reproducibility three such experiments were run simultaneously. To
observe exudation on its own, antibiotics were added to three fur-
ther buckets and sampled at the same time intervals. The chemical
and bacterial baselines of the system were determined by a control

model set up in unfiltered seawater without a kelp frond.

Bacterial activity determination during this study required a con-
current experiment at each sampling time. Due to the impossibility

of monitoring activity for each bucket at each time, only one
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experimental bucket (A;) and the control bucket (C) were chosen for
activity studies. The reasoning for this was that the experimental
buckets were all assumed to be similar and only one would be neces-
sary for activity determinations; the antibiotic buckets would
have a very low level of activity due to the added antibiotics
suppressing this activity, therefore determinations are not required;
the control bucket will have active bacteria present and therefore

would be required for activity assessment.
2.2.2 Equipment, apparatus and procedures

Seven 20dm3 plastic buckets were used as containment vessels.
15dm3 of seawater was added to each‘ap time t = 0. Sampling was
done by using seven 50ml plastic syringes (Millipore). 60ml of
this sampled seawater was placed in each of four 10ml plastic
scintillation sampling vials, after the sample had been filtered
through one pre-combusted 25mm diameter GF/F filter (Whatman) and
a 25mm diameter, 0,2 Fm pore size Nucleopore PC filter both in
series, contained in a 25mm internal diameter plastic Swinneﬁa W/0
filter holder (Millipore), to remove both‘particuléte matter and
then bacteria. The seaied vials were placed in a 15dm3 thermo-
statted flask containing 1liquid nitrogen to prevent further
bacterial activity. After each sampling time the GF/F filter was
removed and placed in a 47mm disposable plastic petri disﬁ@
(Millipore), which was sealed with the 1lid and placed in ice for

later CHN-analysis. The filters were replaced before the next

sampling time interval. At about the same sampling time after the
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above procedure was completed, exactly 10ml of unfiltered seawater
was sampled from the buckets using a 10ml plastic syringe (Milli-
pore). This was added to a 10ml plastic scintillation counter vial
containing 1lml of 25% glutaraldehyde (electron microscopy grade,

Merck) for fixing the bacteria for counting at a later stage.

After sampling for time t = 0, three kelp fronds were added to
each of the experimental buckets A and three kelp fronds were added
to each of the antibiotic buckets B together with 110ml of lOg.dm‘3
antibiotic solution containing chloramphenicol, erythromycin and

tetracycline. The control buckét C was not treated.

Sampling times were at time = 0 without kelp, then 5; 10; 14; 30;
60; 90; and 120 minutes after the kelp was added. Thereafter the
kelp was removed and sampling continued for 150; 180; 210; and 240
minutes elapsed time. The experiment was then stopped and the

(
kelps taken back to the laboratory for dry weight assessment.

In order to determine the bacterial activity at each sampling time,
50ml of seawater from bucket A; and 50ml of seawater from bucket C
Wwere each added to a 100ml Xactics plastic bottle with press-cap
1lid and placed in a constant temperature water bath (same tempera-
ture as the seawater). Using a P20 pipetma&@ (Gilson), 12 ﬁl of
3H—thymidine>solution (49 Ci.mmol.dm‘3, cat. no.TRK637, Amersham)
was added to this seawater., 5ml of this seawater was immediately
added to a 1l0ml disposable plastic stoppered test tube (Weil Orga-

nization) and was cooled on ice in a cooler box for 1 minute.
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5ml of ice-cold 10% (v/v) trichloro-acetic acid (TCA) was added by
means of an Oxford lab pipettor autdmatic dispenser. The test tube
was returned to the ice bath for futher analysis in the laboratory.
The above procedure was applied every hour to each incubation
initiated from the original experimental and control buckets'
sampling times. Furthermoré' lml from each incubation flask was
frozen to measure the background radioactivity as well. The total

activity experiment lasted 453 minutes and was cut short due to

failing light with only three more subsamples to do.
2.2.3 Methods of the chemical profiles
2.2.3.1 Amino acid methods

The amino acid sampling vials were pre-cleaned by a procedure to
elim%nate possible contamination. The 10ml plastic vials were
initially washed in 2% (v/v) Contra&@ (Merck) for three hours then
left in 6M HCl1 for 24 hours after they were rinsed. three times to
remove excess Contradﬁl Aftér the acid wash they were again rinsed
with Milli—d® water and shaken with 2ml HPLC grade'ﬁethanol for a
few minutes. They were left this way for a further 24 hours. They
were then dried, sealed and labelled with a red indelible ink cross

on the cap, signifying amino acid analysis only.

The filtered samples stored in the liquid nitrogen container were
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taken to the laboratory where they were stored in the freezer at
-20°C until they were required for derivatization. Due to the
delay in securing a fluorescence detector the samples' amino acid
composition may have been affected through being stored in the

freezer, but results suggest otherwise (Dawson and Gocke, 1978).

Oonce the HPLC system 3 (Beckman HPLC, Apple controller, Drew
interface and Perkin Elmer detector) was operational, the samples
were thawed in batches and derivatized according to the procedure
listed in Section 2.,1.1. The derivatization vials were cleaned in
a similar manner to the sample vials. The derivatized samples
were injected after a maximum delay of 24 hours. This wohld not

have affected the stability, as has been shown (Section 2.1.8).
2.,2.3.2 N-nutrient methods

The nut;ient—N analyses were organized by Mr Brauer from the
Botany Dep;rtment, University of Cape Town. These analyses were
done ,on the Technicon AutoAnalyser at the Department of Sea
Fisheries' chemical laboratory (Ebenezer Road,.v Cape Town).
Nitrate was analysed using a modified EDDH-sulphanilamide method
after Ca-reduction (Strickland and Parsons, 1972). Ammonia was
analyzed according to the phenol-hypochloride method (strickland

and Parsons, 1972). Total N was calculated using the peroxo-

disulphate oxidation method according to Nydahl (1978).
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2.2.3.3 CHN analysis method

In order to determine the amount of particu}ate C matter in each of
these buckets, the pre-combusted GF/F filters in the frozen petri
dishes™ used to filter the samples, were used for CHN analysis.
After being stored in the freezer for a few weeks the samples were
thawed and the filters were removed from the slides and placed in
a vacuum dessicator containing silica gel until théy were com-
pletely dried. Prior to this some of the more moist filters were
pre~-dried in a laminar flow chamber, normally used for dust-free
chemical preparations., The clean air moving over them speeded up
the drying process. Due to some leakage through the petri slides
from improper closure before placing 1in the ice-bath, it is
possible that some of the particulate matter may have been washed
off the filter. This loss would have incurred an error in some of
the results and it is probable that these analyses would be the

least reliable in all the analyses done in this study.

After drying, the 25mm filters were folded using stainless steel
tweezers and placed in 12 x 6 x 5mm tin boats. Th;se boats were
then folded closed with the filter inside, flattened along the
edges and pierced with about six pin holes along each side to aid
final combustion. These samples were then analysed by Mr P; Field-
ing of the Zoology Department, University of Cape Town, using the
Heraeus universal combustion analyser, according to a modified

~method of Monar (1972). These results are discussed later.
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2.2,4 Methods of the bacterial profiles
2.2,4.1 Bacterial activity methods

The frozen test tubes in the cooler box were thawed out in the
laboratory and the samples were each filtered through a 25mm
diameter 0,22 ’Jm pore size GS filter (Millipore) in batches using
a Millipore multiple filter holder connected to a vacuum pump.
The filters were rinsed twice:._,:, with 5ml 5% TCA with each washing
first added to the empty tes;: tube so no residual bacteria was
lost. Thereafter the filter paper was placed in a 10dm3 scin-
tillation counter vial and stored until the scintillation counter
became available for use. Befofe counting, 10ml of Filtercourit@
scintillation cocktail (Packard) was added to the vial containing
the filter. These were 'counted on a 460C Packard liquid scintil-
lation counter after an appropriate quench curve was set up.
Calculations and conversions of these results appear in a later

section (Fuhrman and Azam,1982),

2,2.4.2 Bacterial counting procedures
The bacterial counting samples fixed with 25% glutaraldehyde were
counted by Mr I. Humphries of the Zoology Department, University
of Cape Town, according to the Acridine orange method of Hobbie et

al. (1977), modified by Painting et al. (1986).

This entailed staining the 25mm diameter 0,2 pm pore size nucleopore
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filters with an irgalan black solution before filtration to reduce
the background fluorescence. The samples were stained with Acri-
dihe orange reagent (Merck) prior to filtering through the stained
filters at low vacuum pressure (0,8atm). A portion of the filter
was cut out for observation and counted using a Zeiss standard 18
microscope fitted with an epi-fluorescent condenser, HBO 50W
Mercury . lamp , 455 - 500 bandpass excitation filter 510 beam
splitter and LP520 barrier filter.. Magnification' was 1000x.
Bacterial counts were divided into six size and shape'categaries
{small cocci - Sc; large cocci -~ Lc; small rods - SR; large
rods - LR; small U-shaped - SU, and screw-shaped -V ) and the
total counts per size field and number of fields were given too.
Calculations of bacterial density and bacterial biomass from these

counts are shown in Section 3.2.2.



131

3. RESULTS

3.1 CHEMICAL RESULTS OF THE FIELD STUDY

3.1.1 Amino acid results

A typical chromatogram from the field study samples (bucket A,

time interval 210 minutes), together with the integrated results

and concentration calculations can be seen below:
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Pig.3.l: Chromatogram of an amino acid sample from the field study
(sample A1210). Dpetector range = 10. Numbers correspond to the
following peaks: 1 - cystine; 2 - asparagine; 3 - aspartic acid;
4 - serine; 5 - glutamic acid; 6 - mono-histidine; 7 - glycine;
8 - threonine; 9 - arginine; 10 - alanine; 11 - tyrosine;

12 - mono-histidine; 13 - water,
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Pig.3.2: 1Integrated chromatogram of same sample.
to the following amino acids:

Peaks correspond
2 - alanine;

1 - inverted acetone peak;
3 - glycine; 4 - water.



Peak ' Iéentity
2 asparagine
3 aspartic acid
5 glutamic agid
7 glycine
9 © arginine
10 alanine
11 tyrosine 421

Area

0,284
1,366
0,992
3,920
0,510
4,633

0,454
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Concentration (nmol.dm=3)
0,87
6,28
5,41
4,42
2,19
18,65

1,13

Fig.3.3: Table of corrected areas and calculated concentrations

for same sample.

3.1.1.1 Qualitative assessment of chromatograms

ObserVing the above chromatograms, after about 9,5 minutes the

baseline increases due to the water peak and remains off-scale

masking the further amino acid peaks. This is most unfortunate as

valuable information on the other amino acids is lost. We see

here the necessity to halt the excess reagent reacting with water,

especially at low concentrations.

If the access to a fluorescence

_detector had been available during the development of the method,

the hydrolysis product formation at these low concentrations could

have been accounted for in some manner, as it was for higher

concentrations.

Due to the limited time available using the fluorescence detector,

certain important features of this method could not be explored.



134

The most important of ﬁhese is the loQ detection limit. By opti-
mizing excitation and emission wavelengths and using the correct
bandpass we would be able to calculate the detection limits and
optimize the greatest signal-to-noise ratio for our experimental
results, Integration parameters could also have been accurately
tested to ensure integration of all significant peaks. From the

present results the detection limit is estimated at 10-11 m,
3.1.1.2 Quantitative assessment of chromatograms

Most large peaks in the chromatograms were integrated, but some of
the peaks with a large enough signal-to-noise ratio were not
integrated by the Apple computer integration system (see fig, 3.2
for such a run). It is unknown whether this is due to an interface
errot or the signal not being large enough for the detector's
range. This would mean that valuable information on lower concen-
tration amino acids is lost unless a means of peak quantitation
could be- found. Using their measured peak heights to calculate
their concentrations would not correlate with those concentrations-
calculated from peak areas. Therefore the peak heights for those
integrated peaks were measured as well and an area conversion
factor was calculated by averaging the ratio of integrated area to
measured peak height. This value was multiplied with the measured
peak heights of unintegrated peaks to give an area very close to

that had it been integrated.

This area conversion factor was found to be the same for all the
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peaks regardless of their identification. This value, which is
0,567 + 0,038, was calculated from 25 such peaks and the percentage
error (6,7%) was in acceptable limits., This error must be weighed
up against the possible loss of information by ignoring uninte-
grated peaks. The error becomes more tolerable when considering

the very low concentrations we are working with.

A typical standard run used for quantitative assessment is shown

below:

(Min.) ' 4

Pig.3.4: Chromatograph of an amino acid standard (A2908). Detector
range = 0,1, Numbers correspond to the following amino acids:
1 - acetone; 2 - cysteic acid; 3 - cystine; 4 - asparagine;
5 - aspartic acid; 6 - serine; 7 - glutamic acid; 8 - mono-
histidine; 9 - glycine; 10 - arginine; 11 - alanine; 12 - tyro-
sine; 13 - mono-histidine; 14 - water,



136

Four such runs were undertaken and the mean areas are shown below.
Errors were very low, of the order of the normal reproducibility

experienced (2,6%).

Amino Acid Integrated Area Conversion Factor (x10‘3)
asparagine 3,253 3,07
serine 3,334 2,99
aspartic acid 2,174 4,60
glutamic acid 1,832 5,45
glycine 8,867 1,12
arginine : 2,319 4,31
alanine 2,484 4,02
lysine 1,158 8,63
tyrosine 3,988 2,50

Fige. 3.5: Table of the mean amino acid concentration conversion
factors.

These concentration conversion values were multiplied by each
sample peak area for the corresponding amino acid to give the
concentration values shown in fig. 3.3. Concentration of each
amino acid in the standard was 1}Jmol.dm'3 after approximate
dilution of the standard. This was about 100 times less sensitive
than the samples. The calculated concentrations for each amino
acid in each bucket were plotted as a function of sampling times.
Certain low concentration amino acid profiles were omitted because

of the error associated with measuring very small peaks (peaks
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below 0,5mm were regarded as noise level). Profiles of asparagine,
histidine, 1lysine and .tyrosine were so low as not to give any
concrete variability and were therefore not drawn up. Concentra-
tions for each amino acid were very varied with alanine having the
largest concentratién (between 2 and 170 nmol.dm-3). These

profiles are shown below and are discussed in a later section.

200
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Pig. 3.6: Graphs of the alanine profile for the experimental‘ and
control buckets,
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Pig. 3.7: Graphs of the alanine profile for the antibiotic buckets.
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Fig. 3.8: Graphs of the glycine profile for
control buckets.



140

200
180 |
e} 81 —
nmoldm >
120 | /
/
/
/
% —
4C —
A
Bo
Pt
7
’—c%~ﬂ3..
0 B
L2 L v L) 1] L4 T
0 15 30 60 90 120 130 180 21°(Min)"24°

Pig.3.9: Graphs of the glycine profile for the antibiotic buckets.
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Fig. 3.10: Graphs of the aspartic acid profiles for the experimental
and control buckets.
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Fig. 3.12: Graphs of the glutamic acid profiles for the experimental

and control buckets,
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Fig. 3.13: Graphs of the glutamic acid profiles for the antibiotic
buckets.
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3.1.2 Nutrient results

Concentration values for the analysed results are in Pg N.dm-3,
which must be converted to ’Jmoles.dm‘3 by dividing these results
by the molar mass of Nitrogen (N = 14), These new concentration
values for ammonia and total N are tabulated in the appendix

section. The profiles of these are shown below:

14
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Pig. 3.16: Ammonia values for the Experimental and Control buckets
with respect to time.
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Fig.3.17: Ammonia values for the Antiobiotic buckets with respect
to time,



149

14

0o 5 20 50

T T v L]
90 120 150 130 21040 240

Fig. 3.,18: Nitrate values for the Experimental and Control buckets
with respect to time.
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Pig. 3.19: Nitrate values for the Antiobiotic buckets with respect

to time.
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Fig. 3.20: Total N values for the Experimental and Control buckets

with respect to time.
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Fig.3.21: Total N values for the Antiobiotic buckets with respect
to time.



153

3.1.3 CBN-analysis result

From the results of the elemental . analyser, certain
ﬁ-determinations were above the instrument's calibration range and
some of the N-determinations were below this range. We could
therefore -not use these determinations with confidence, so only
the C-determinations were used as a measure of particulate carbon
in the seawater, The C:N ratios have been included in the
Appendix, but are not discussed. Values were given as P g per

filter after analysis and the following calculation was applied to

convert to Pmol.dm-3:

concentration of analysed value % 1
particulate C molar mass of C = volume sampled (dm-3)

= ¢, 1
12 0,060

= 1,388 x ¢ Fmol.dm'3

The concentration values have been tabulated in the Appendix
section. Concentrations range from 40 - 267 pmol.dm‘3 with an
average value of about 85 ;/mol.dm‘3 for all the results. The

various buckets' profiles can be seen overleaf.
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Fig.3.24: Particulate C profile for the Control bucket.
3.2 Bacterial results of the field study
3.2.1 Activity results
The disintegrations per minute (DPM) values analysed from the

scintillation counter were plotted as a function of time to enable

the activities to be calculated from their slopes by regression.
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These results appear in the Appendix section and the graphs are

shown below:

¥ 4
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Fig. 3.25: DPM values for each subsampling time (vertical axis)
for the first six experimental bucket sampling times. Numbers of
the graphs correspond to the experimental bucket sampling times.
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"F;g. 3.26: DPM values for each subsampling time for the last five
experimental bucket sampling times. Numbers correspond to the
experimental bucket sampling times, '
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Pig.3.28: DPM values for each subsampling time for the last five
control buckets sampling times. Numbers correspond to the contro!
bucket's sampling times.
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The slopes from the above plots of DPM versus time were calculated
from the regression formsla. Blank values ate normally shbtracted
from each DPM value, but since this blank value is the same for
éll points, it would not affect the slope whether we subtract it
or not. The slope values (DPM.min-1l) were used to calculate the

carbon production per day according to the following series of

calculations:

1, Moles of thymidine incorporated per minute
= pPM.min "1x (sa)"1 x ¢

where DPM.min~1l = Slope from DPM versus time graph

SA

Specific activity of isotope (4,9 x 104Ci.mol)

C = Number of curies per DPM (4,5 x 10-3)

2. Moles incorporated per litre per day
= mol.min~1 X (Volume filtered in am=3)-1 (minutes per day)

3. Equivalent production of cells
= mol.dm=3,a"1 x (0,2 x 1018) to (1,3 x 1018)

4. Carbon production = cells.dm=3.4"1 x b

where b = average cell biomass (15fg of C)

This gives a range of carbon production values ( ch.dm—3.d—l) for
each time interval which we need to plot. We therefore use their
mean value for plots of carbon production versus time. This gives
us the activity curve set up for the Experimental bucket Ay and
the Control bucket C. These tabulated results can be seen in the

appendix section, and the graphs are shown overleaf:
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Fig. 3.29: Activity profiles of the experimental bucket A; (bold
line) and the control bucket C (dotted 1line). Plots of mean
carbon production versus time.

Two thymidine controls were set up to monitor the incorporation
experiment., Control A was set up with 50ml of seawater with 0,5ml
lugol (bacterial fixative, cross-linking the polymer chains of
bacteria) and 12 Vl 3H-thymidine. Control B was set up with 50ml of
seawater only with no thymidine. Both controls were duplicated and
sampled at the same subtimes as the incubation flasks. Values of
control A remained low between 1000 and 2000 DPM, while control B

averaged below 500 DPM. These values are low compared with the
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DPM values of the buckets (see figs. 3,25 - 3.28). These low
values together with the 1low blanks (average = 120 DPM) are

indicative of an effectively functioning experiment.

3.2.2 Biomass Results

Bacterial density (cells.dm‘3) for the total amount of free-living
bacteria in the buckets, regardless of their dimensions of shape
and size, can be calculated from the following expression (Hobbie

et al., 1977):

6
N=DNXSx10

‘s XV

where N Bacterial density in cells.ml‘l.
n = mean bacterial count per field (total).
S = area of filter paper in mm2 (diameter = 17mm).

s = area of microscope field in FmZ.

2
= field size x Microscope unit x 1
2

2
= 10 x 7,69 v

2

V = Volume filtered in ml.

We then convert this cells.ml™! value to cells.dm™3 to bring it to
the same quantitative unit (dm™3) as the other chemical and
bacterial profiles. These values for bacterial density can be
fgund in the appendix sectibn, and the graphical profiles for

these values are shown. overleaf.
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Fig. 3.31: Total bacterial density of the ant1b10t1c and control
buckets with respect to time.

In determining the capacity for uptake, the population size and

dimensions of the cells must both be considered For example, the

small cocci have the largest numbers, but due to their size the

amount taken up by these bacteria would be less than that by the

same number of larger bacteria., Therefore, in order to calculate
the biomass (weight per organism), we would have to calculate the

contribution from each size and shape of bacterial counting group

to the nett amount utilized. This can be calculated from the

following expression (Doetsch and Cook, 1973, Painting et al.,

1986):
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B =N X Sg X Vc_
106

where B Biomass in mg.dm‘3.
N = Bacterial density for each counting group (cells.ml-l),
Sg = Specific gravity of bacterium (= 1,1).

Vc = cell volumes in Fm3, where the counting groups

- sC = 0,009
LC = 0,142

SR; SU;rv= 0,198
LR; LU = 0,672

The following graphs of the biomass for the buckets are shown below:
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Fig. 3.32: Biomass of the experimental buckets with respect to time.
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Fig. 3.33: Biomass of. the antiobiotic and control buckets with
respect to time.
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DISCUSSION

As noted before (Section 2,.2), the results showed that the various
chemical and biological processes occurring were extremely complex
and, despite the strenuous efforts made to carry out a simple simu-
lation, no straightforward picture emerged. To understand the
processes more fully, a much more detailed experiment is needed
and therefore such a project is beyond the scope of "this thesis.
However, the results are,‘instructive in that certain Qeductions

can be made, albeit not quantitatively és was hoped.
QUALITATIVE ASSESSMENT OF RESULTS

The overall conclusion obtained on the basis of the data gathered
from the time series study, was that no large exudation of reduced
nitrogen species (amino acids or ammonia) occurred. The .reasons
are complex and are discussed in a preliminary fashion within the
context of changes in bacterial biomass and activity in each

microcosm environment.

Microheterotrophic organisms are primary consumers of dissolved
organic nitrogen (DON) species, such as amino acids, and because
these components are metabolized through oxidative mechanisms, the
main products would be dissolved inorganic nitrogen (DIN) species
such as nitrate (NO3), nitrite (NO,), and ammonia (NH, ) (Ryther
and Dunstan, 1971). The relationship between the various nitrogen

pools and their linking metabolic pathways is summarized in fig. 4.1
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below and includes the pathway.linking the DON and DIN pools, which

were investigated in this study:

KELP

1* PRODUCERS

Photosynthesis Exudation

1
NOy ; N, DON | | [pON
(Amino acids) Particulates;
+Ammonia Proteins

hydrolysis;

mechanical breakdown

{ Respiration
Oxidation

P-hetero@rophic
activity

Fig; 4.1: sSchematic pathways of the nitrogenous species released
from kelp.

The main objective of the experiméntAwas to attempt to qhantify the
exuded amino acid contribution to the organic nitrogen pool and
monitor the response of the system through measurement of bacterial
activity and changes in the inorganic nitrogen pool. The effect
Aof input of DON (as measured by amino acid concentrations) through

exudation was therefore expected to be seen as:

l. An increase in bacterial biomass and/or activity, as well as
inorganic nitrogen species in the experimental buckets, compared

with the control bucket.
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2. An increase in dissolved amino acid concentration in the anti-

biotic treated buckets, compared with the control bucket.
4.1.1 Bacterial biomass and activity

The plots of- bacterial biomass (in mg.dm‘3) and activity
(ch.dm‘3.d‘1) against time are shown in the Results section -
(£igs. 3.29 - 3.33). It can be seen that there is a sharp decrease
(from 25 ch,dm'3_d-l to near 2zero) in bacterial activity in the
control bucket at the 90 - 120 min. sampling interval (fig. 3.29).
This significant change contrasts with the plot for experimental
bucket Ay, where the activity fluctuates within the range
10 - 22 ch.dm'3.d‘1. The difference in bacterial activity between
‘the two experimental conditions can perhaps initially be ascribed
to a drop in substrate concentration in the control bucket though

not necessarily the nitrogen substrate.

The variability of biomass with time for the experimental buckets
(fig. 3.32) is also substantial. Part of the explanation for this
variability may be in the fact that the fronds used in the experi-
mental buckets were nqt of similar physiologicél conditions;
however, it is considered that the systan.is in é state of very
low bacterial biomass and activity, and this gives rise to large
variations. 1In sdpport of this, typical activities fof in-shore
kelp dominated regions are about 8 times higher than the activities
determined in this study (Painting, pers. comm.). It can be seen

that over the time series, the measured bacterial biomass in the
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three buckets varied between 50 and 400mg.dm'3 (fig. 3.32), reason-
ably close to the variability range observed for the control and

antibiotic bucket (fig. 3.33) of 100 - 200mg.dm‘3.

From the measured biological parameters of activity and biomass,
it is evident that bacterial activity is a more sensitive variable,

responding readily to substrate concentration level chahges.
4,1.2 Chemical variability

On a broad basis, the chemical parameters vary around a mean value

similar to that observed with the bacterial parameters.
4,1.2,1 Amino acids

Of all the dissolved free amino acids determined, only alanine
showed concentrations substantially above 10nmol.dm™3 with all the
others falling in the very 1low range of 2 =- énmol.dm~3, These
values are near the analytical detection limit, resulting in large
Ifluctuations which demonstrate either that the processes involved '
in amino acid release énd uptaké are very rapid, or that they are
baseline fluctuations attributed to experimental error. Other
sources of error could include an inefficient mixing of released
matter within the containers, with possible formation of concentra-
tion gradients. Adsorption of these species onto the container
wails is also possible at these low levels. Finally, the physio-

logical state of the kelp is important in this type of study.
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There is little change in a rough mean over the time series common
to all the experimental environments, even between the experimental,
- antibiotic and control buckets. The typical concentration ranges
for the amino acids in marine systems are discussed in Section 1.3.
Experimental error bars have been given for the alanine profile

(fig. 307).
4,1.2,2 Total and inorganic nitrogen

The total nitrogen concentrations for the antibiotic and control
buckets are very nearly constant (fig. 3.16 - 3.21) and 1low
(+5 Pmol.dm‘3) for the duration of the time series stﬁdy. The
experimental buckets (fig. 3.20) on the other hénd, show large
variability (5 - 50 Pmol.dm‘3) but again no significantly in-

creasing or decreasing trend.

The ammonia concentration is nearly constant with respect to time,
-ranging around about 1 umol.dm™3 for the experimental and control
buckets (fig. 3.16), bu; an increasing trend occurs in the anti-
biotic buckets (fig. 3.17). This increasing trend is likely to be
due to the oxidative deamination of dissolved organic nitrogen, as
the antibiotic is an unlikely source of this component. Similarly
for, the nitrate (figs. 3.18 and 3.19), there appears to be. no.

definite trend in the time series.

There are two possible reasons for there being little change in

the microcosm used in this study:
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l. The flux of exuded amino acid nitrogen was too small or too slow
to create any substantial response in the system, possibly

because the experimental systems were not mixed continuously.

2. The microheterotrophic population was, for reasons that may or
may not be linked with (1), in an abnormally 1low state of

activity, as shown in Section 4.1.1.

If either, or both, of the above possibilities pertained to the
study, then thé time span used was perhaps too short since it would
simply give a small "window"™ on ; system which changes on a time
scale of days. This can be demonstrated by using the determined
activity levels from the experimental bucket A; (fig. 3.2.9).
From a mean activity of 15 ch.dm'3.d‘1, which gives a vélue of
52,1nmolC.dm~3.h~l, and using a 6,5:1 C:N ratio (Reddfield ratio),
this would create a calculated nitrogen demand of 8nmol N.dm‘3.h‘1,
which is very low,.nearly three orders of magnitude smaller than
the observed concentration of the inorganic nitrogen and total

nitrogen pools.

This nitrogen demand is however of .the same order of magnitude as
thevobserved amino acid concentrations, thus tentatively explaining
the large measured variability, with the exception of alanine which
has a higher concentration (1 order of magnitude). This cénfirms

that:
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1. The amino acid concentration is clearly very small compared
with the inorganic nitrogen pool. This may be expected since

the organic nitrogen species were labile.

2. Any future studies to monitor the impact of the organic
nitrogen pool on the inorganic nitrogen pool through bacterial
activity need to be carried out over an extended period, of the

order of days.

Thus, although the exercise may not have been successful from an
ecological point of view, it has shown that the methodology of
amino acid analyses can be effectively used in the study of the
microbiochemistry of the .compqnents in the marine system,
However, it is quite clear that under the experimental field
conditions reported here, there can be very little export'of free
dissolved amino acids from a kelp bed system to the oceans, since

the concentrations are so small.
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CONCLUSIONS

This study has demonstrated that a simple, precise, sensitive and
rapid technique for determining 20 amino acids in seawater using
reverse phase high performance liquid chromatography can be estab-
lished. Also, these methods are suitable for routine use, while
the nature of the equipment required.and of the instrument itself
permits field use, for example, on a research vessel. This opens
up many new avenues for research into the contribution of amino
acids to the cycling of nitrogen in the oceans. The amind acid
concentrations in a given water mass may perhaﬁs be chéracteristic,
enabling the method to be used as a marine tracer, using amino
acids for -fingerptinting'. An6ther:adg§hE§ge:ﬁ§;;that“tonly small
volumes of water are needed, permitting analysis of sampiés such

as those from pore waters.

Application of the techniques to a simple study of kelp exudation
provided ﬁh;xpectedly complex results and more detailed studies
over a longer time period are required. It is clear, however, that
amino acid levels in kelp exudates are 1low, ;nd a large oceanward
transport of amino-nitrogen from kelp beds is unlikely. The amino
acid contribution‘to the nitrogen pool was very low, indicative of
the lability of amino acids in the ocean. Whilelin itéelf not con-
clusive, the field study demonstrated the successful application of
the laboratory methodology to analysis of real samples, indicating

the potential value of this technique in probing marine chemical

processes. .
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7. APPENDIX

7.1 Sourcs of the chemicals and materizls used in this study

9-fluorenylmethyl chloroformate was purchased from Fluka Chemical
Corporation.  Amino acid standards (catalogue no.ia-5-18, 49781,
A2908 and A9906) and amino acid kits (DLAA-24 and LAA-1C) were
obtained from 3igma Chemical Corporation. liethanol was purchased

from Beckman Instruments (Rathburn, HPLC grade) and from Kerck
(Lichrosolég)grade). Acetonitrile was also purchased from Beckman

(Rathburn, HPLC grade S). Milli-Q water (Millipore) was used
throughout.

7.2 Statistical distribution of particulate C for the experimental

buckets.
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This gives both a large error 2t (time 240 minutes and an acceptable
error at time 90 minutes. Variations for the other profileg (e.g.

amino acids) are larger than this example given. Values are shown

overleaf:
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AMINO ACID CONCENTRATION VALUES

The following amino acid tables 1ist the concentration values plotted
in figs 3.6 - 3.15 and serve only as a clarification of these plotted

points.

The error of these graphs is the normal experimental error calculated
on page 109. These have been demonstrated on the alanine profiles in
figs 3.6 and 3.7. This small error range is roughly representative of

the other amino acids.
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a‘?‘mmc 1 2,50 0,284 (2.

a l\\I\E. |0 -~ | 499 &

tyrosine i 9,80 0,484 L Ig,

Sample: A, 20 3\
Compound peak | measured hemht Iniar/calc. area | concentration (nmal.dms )
asparasine ya 0,80 0. 284 o8
a s particacid 3 0,50 0.284 LR
Aluramic acd| & 196 L 111 6,0 .-
a\yc.{r\'c 3 - 4 323 4,8
Ara4inine 9 1,68 0,495 4,1
a\an‘me. o) - 42,754 .i’72,(
+~rosine T 1,6 0,907 2,2
Sample: [, 60 :
Compound | peak | measured hemht | Intar/calc. area | concentmtion (rmoldms
asparaaine 2 — - — |
as particacid 3 |,00 0,561 26 ;

\u-‘r-au‘\c acvd| < 1,OO 0,S671 3.c

lycine 7 - L 340¢ 3.6
a;’%}nmc 4 0,80 0,454 L
aamne o - 3,099 12, &

N rosine ] o, 5 0,2 L4 S

Samople: A, 90 _

Compound peak | measured et | rndar/cale. area | concentration (nmol.dms)
asparasine 2 - _ _
as partic acid 3 1,381 L0226 4,7

lu+fxu'\c ac\d| g XS 0.822 4,4
q‘;’;'try:?nc 7 2.1 L§so L8

k 1 o5 D284 1,2

alanine 1o - 3 309 ;3
N rosine 1 —_ —- —

Sample: A= 120 | trah ( l.4 )%
Compound peak | measured hemht intar/cale. area | concentmtion (nmol.dms ,

raaine — — —
::P:arac acid i' LSS 0,877 =2
Alutanic acid| & L4 0,634 3.4
a\yc(r\c R — 272727 3.1
arainine ” 0.4 0,510 2.1
a\aninf (0 - 44907 19,7
+yrosine T 0,7 0,277 0,4




Sam ple ! A;, 150
Compound | pealk | maasured hemht Intar/cale. area | concentration (an'dm‘!‘J
asparasine 2 - — —
as particacid 3 Lag 0,839 3.8
lutamic acid| & 040 0,644 2,7
\x,c.ir\‘ﬁ 7 - 3,648 =N
Ardininc 1 o,70 0,391 (7
alamr\e. (0 - 22 23
yrosine 1 0,5 0,284 o7
Sample : k2 180 - . | Amct)
Compound peak | measored hemht I'ndar/calc. area | concentration (hmal.dms )i
asparaqine 2 9,50 9,284 2.8
asparticacid 3 2,04 I 157 53
Aluramic ac\d| & 2,49 L 412 17
alycine 3 - 3,560 4,0
Araining ) O, 0,22 2,2
alanine fe) - 20,044 ‘ 5’0, 7
+yrosine i o, 40 0,510 S
Sample: R, 210 : '
Combdaound peak | measured héht | tntar/calc. area | concentration (nwol.dov3) ',
asparaaine 2 - — —
asparticacid | 3 1,8s Loaq 4.8
alvtamic acid| & L,OO 0,567 3
alycine R - 374! 4,2
arﬁ'fn'mc 1 0,90 o.510 2.1
a\amr\e‘ o - 2028 Bl
tyrosine 0 0,50 0224 ©,7
Sample: R, 240
Compound | peak | measured height | 1ntar/cale. area | concentrabion (amol.dms)
Asparaaine 2 - - —
A< partrc acid 3 1,17 0,663 3,0
Alutanic acid g 0,491 0,516 2,8
[2lyeine R - 2,103 3.S.
arglxmnc d 0,20 0454 La...
alamr\? o - 1780 1, .
Tyrosine I 0,50 0,284 0. ,
A — _ l
Sample: 30 » )
Com Psund peak | measured hemht I'ntar/calc. area concem‘ri'\or\ (ol Am3) |
rasine 2 —
:zp:ar‘ac acid 3 L2s eJod 5.2
alutamic acid 'y 1,2& 0,709 3.8 :
Alycine R — 3,299 3.7
arainine 1 0,80 454 L4 ’
alanine e - 3618 (4,5
+Nrosing 1 0,50 0,284 0,1




Sample : A,5
Compound Deak | measured hemht ‘nqyr/cale. area | concentrabin {nM"Am-s)
Asparaine 2 0,5 0,294 0,8
asparticacid 3 2,26 [ 28l 5.8
3\u+'qu'\<_ acid| & | 24 o443 $.6
ﬁlx,c.-m.e 3 _ A2 <SL3
e T Lee 2ise] 24
Hrosihe I %470 28.2
°,50 0,284 0,1
Sample:  A210 :
Compound | peak | measured hemht 'nar/cale. area ‘o"ce"+m+’°“ (pwol.dn3)
Asparaaine Z - — —
asparticacid 3 el 0,513 2,6
lotamic acvd| < 0,638 0, 386 2,1
ﬁ\s,c..\'n'ﬁ T — (L1483 L2z
arﬁfnsnc 1 0,60 0.240 L4
alauu\? 1o —_ 0,732 29
rosing i o, 10 0,397 0,9
Sampic . A 3 |§
Compound peak | measured hemht ‘niqr/cale. area | concentration {nMLAm-sj
asparaaine 2 0,S0 0,284 o8
a s partrcacid 3 (L26 0,680 2.
Alutanic acid| & D, 8% 0,494 2 7.
ﬁ\yc.m.e 3 - 1,988 2,2
N rosine Iy 590 [ 34] €,§.
Ly 3,397 0,9
Sample: Az30 :
Compound peak | measured hemht (r\%ar/ca\c. area | concentration {nM‘;Am.sj
Asparaaine 2 0,50 0. 284 0,8
as par+-|‘c qci.d 3 1,92 |, 099 50
3\\u+fau\c acid| & 1,30 0,237 4,0
LI W
alanine ) )_,-00 j/; i; i/4
+Nrosine ] i, 00 0,567 , tl,zf
Sample:  Rs60 T - | s)l
Compound peak | measured hemht Intar/calc. area | concentmation (woldm2)l]
asparasine 2 0,60 0,240 L
as partrc acid 3 S 0,652 30
Alutanmic acid| & 2,22 1,252 6.8 .
Alvcine 3 ~ 5,223 $.8. -
Arainine 1 1,44 0816 35
alanine (o — 24,78 49,8
N rosine 1 0, 8Sto L2




Sample:  Ai9p
Comboond [ peak | measured heaht | Intar/calc. area | concentration (nmol.dms)
asparasine 2 o,71 0,403 ra
as particacid 3 0,5 0. 856 3.7
3\u+qu'\c achd g =l 2.85677 3.0
\xlc'l'r\g 7 - 2612 2.1
arainine 1 87 o072 4,6
alamnt? o) - 2. 167 $ 9
+rosine H 0,771 0,403 |, ©
Sample:  A3120 N
Compound peak | measured hemht I'ntar/cale. area | concentmatian (nmol.dm ’) .
asparasine 2 La0 Loil 2.3
asparticacid 3 — L so1 6.
Alutamic acid| & 0,90 o, . 510 2,7
lyeine 3 - 6,532 7,3
arainine 4 — 0,875 3.2
a\aninf o) -~ 2,352 T4 R
t~rosine I 0.S 0,2%4 R :
Sample: A3150 .
Compaund peak | measured hemht Intar/cale. area | concentration (""‘"‘""""'5)
asparaine Z LSO 2.25/ 26
a<s partrcacid 3 — 1,901 3.7
lutamic acid| < Lao L0117 35,8
\\,cfng 3 - 7,519 3.4
arainine 4 — R 283 4 0
a\amm? lo - 4,S70 19,3
tyrosine " L 1O 0,624 [, 5
Sample: Rz (80
Compound ‘DCa\( measured hemht | Indar/cale. area | concentration (n*’o“-"""'ij
Asparasine 2 585 0,422 o, ¥
asparticacid 3 - [ 645 1S .
lutamic acid| < o2 0,S10 27 .
\\;c.fn‘e ki — 1,859 L4
araining 1 — 2 19/ 9.4
‘alamne. lo - 2,498 10,0 ;
+Nrosine 1 0,6 2,240 0,8 . ’
mole: HKa210 : '
CS:“ Pcpuund ;ch nesored heght | trvige/eale. area [ concentrabion (amol dn'
asparasine 2 2,18 L 217 27 -
asparticacid 3 — 2,497 L% |
Alvtamic acid| & 110 . 0,624 24 *
Alycine 7 - 9,792 1,0 |
araining 1 ~ 3,038 B B
alanine e - 6, %R0 27,4
+yrosine 1 o,S 0,294 o7 i




Sample: Rz240
Compound peak | measored heimht | Intar/eale. area | concentmatian (“m"f’l"‘.sj
Asparaning 2 [4S3 ©.36% _ 2.6
asparticacid 3 - [Lgo0 6. a
lutamic acid < O.,Ra4 OATE 2.5
lycine R —~ L, 000 (2,4
a\rglmmc 1 —_— 2 6R4 l, s
bl Lo - 3.518 (4,1
. N rosine i1 o,So 0,224 0,1
Sample: 8,0 . — i
Compaund peak | measored hemht i'ndar/cale. area | concentrmabion (nmal.dns )
Asparaaine 2 0,50 0284 0%
a s particacid 3 1, S< 0,874 4,0
Alutanic acid| g 0,47 0,550 3c
lyeine 7 O3 0,S84 0.6
araining ) 0,SD 0,284 2
alanine (o (]2 0,635 J s
Fyrosine " 0,57 ©,323 o, R
Sample: B, ‘
compound - | peak | measored heiht | intar/cale. area | concentmahian (moldnis)
asparasine 2 0,SO 6,284 0,8
as partrcacid 3 - 1,S94 2.3
lutamic acd| < 1,54 0813 4, 7
\\,c.in'c 3 [,638 0,153 1,0
argfnmc 1 0,50 0,284 L2
alanine lo = 4,21 [6.9
+yrosine 1 0,50 0,284 0,7
Sample: B, /0 :
Compound Deak | measured hemht '."‘*%"'./-C“‘C' area | concentration (nml.dm‘5)
Asparaqine 2 0.5 O.284 0.8
asparticacid 3 - 0,374 4,0
lutamic acd | < 72 6475 5.3
lycine 7 048 0,537 0,6
e ¥ 7 R
[ Hyrosine T ;,5:3 Olsi% 3'1
ample B: =) - ) ‘ -
Csom Pfund peak | measyred heght I'niar/calc. area concer\i:n’nor\ (nmol.dm™ ‘
rasqine — j
:ZP:arac acid _E; (1O 0,628 2.8 |
alutanic acid| & 1, 1O 0625 3.4 i
alycine R 1,10 0,625 2,7, -
arainine 1 0,50 0,284 12
alanine 1) ~ 2,558 10,2
+yrosine T - —_ —




Sample: B, 33
Compound peak | measored hemaht | intar/calc. area | concentratin (ol )
Asparaxine 2 |, 28 026 2.2
asparticacid 3 o.I1s o,4 2 [
tutamic acid 'y o0, < O 284 LS
slx/c.m.Q 7 1,02 0,57% O,6
Arainine 4
alanine (o 2.5 o2 L2
+yrosine — 2. 502 3.4
L 25 0,284 0,7
Sample: B, 60 '
Compound | peak | measuced héiht | Indar/eale. area | concentratian el
Asparaaine Z — — -
aspartreacid 3 2,12 Lzoz2 5.5
Alutanic acid| & | 10 L0771 5.3
«3\\;cin€ 3 - 1,273 A
arginine 9 |, 60 0,407 4,7 :
alamm? {o - 27,838 HO,g. : 1
N rosine ( (, SO 0,851 2,1 i
Sample : B, 90 4
Compeound peak | measuced heéight | Tndar/cale. area | concentration () o)
asparasine 2 0,50 0,284 o8 |
a<partic acid 3 2 AD [LR61 6,2 ;
lutamic achd g — 0,761 4,1 :
\\,c.u\.ﬁ 3 332 |, 382 Z, !
| a\rf)}nlnc P 2,15 219 S,2
a;jn:\:he 1o — (3,135 S2, 8
rosi Y,
i O, B 0,284 o,
Sample: B, 120
Compound | peak | measured hemht | Infar/cale. area | concentration ("m"d‘l'"‘s)
Asparaaine 2 0,350 0,294 0,8
as partrcacid 3 1. 29 0,738 36
lutamic acid| < a2 [, o087 $.a
lycine 3 — ] ‘
Arainine ”, - L 3os o
= 2,040 8,7
alanine (o - A 4o 18,4
yrosine 1 ‘ ;
0,70 0,317 0,4 %
i
SamPlC. %.’5-0 . |.dm3 |
Compound peak | measured hemht ‘ntar/cale. area Concedmﬁm el 2
asparaaine 2 05 0,284 ¥
asparticacid | 3 2,30 L3o4 S,4 |
Alutamic acid 5 - 0,130 8,0
alycine 7 - |18, 526 20,9
Arainine 1 - 2, 157 12,72
alanine (o — 1,042 23832
+yrosine 1 1,20 O, 620 1,7




Sample.: g, | 8O
Compound Dea k measuras héqh—% l.fﬁ%rLcalc_. area | concentratian (nml.fim‘.ﬁ)
Asparaaine 2 0,80 O 284 oL
asparticacid 3 2,00 L1234 S, 2
3\u+fau'\c ac\d < — L OO < 4
3\~,cxn€ 3 - L2546 L4
Arainine ! 25 8,107 3.0
alanine Lo — 3
, 427 (3.7
N rosine i 1,20 - 0,680 7
Sample: R 210 ‘ L) ;
Compound | peak | measored heiaht | (ndar/cale. area | concentration (nmel.dm
Asparaaine 2 O,50 0,254 2.8
asparticacid 3 1,5 O 8< b 3.
lutamic acd| < — LROI .®
ﬁk/cx'ne 7 - 1S, 5§82 | 72,5 ‘
arainine | 0. SO O, 284 2
alanine lo - 4, 000 16,1 i
Hyrosing 1 O,s0 O, 2R4 2,73 ] '
Sample : B,240
Compound peak | measured heiaht | intar/cale. area | concentration ("m, ans) )
Asparaane 2 - ot . §
a s particacid 3 [, 65 O a3é 4,3 i
Alutranmic acid g 1,00 0,567 3,0‘ ‘ ,
Alycine 7 ~ 14,084 5,8
arainine 1 13 0,64} 2,7
a\amm? (o —_ 4 257 (7, )
tyrosine 1 1,477 0,833 2,0
Samplc: BZ O .
Compound Deak | measured hemht ""'*3"/“‘\" area | concentrmahion (nm"dm-sj
Asparasine 2 0,50 O.284 o8
Aasparticacid 3 —_ 2,482 ”;4
lutamic acid| s 2,01 0,856 4.6
\Vc.m.e 3 - 2,257- 2 <
“l"ﬁf"‘“c ‘! 2,70 0,397 (7. -
j_:‘:"\? S lo el 12,067 48,8
= ! 0,80 Q454 Lo 5
Sample: B2S & 1
A . X . trate r\(nmldn\ i
Compound peak | measored hemht |ﬂ43ﬁ/ca\c.qrm concen e )
3 O O, 284 0,8 ‘
asparaaine 2 Y]
asparticacid 3 |, RO o2 4,6"
alvtamic acd| & 0.2 0,408 2,2
s\s,cine 7 - L7736 lff':
araining 1 .10 0,317 1.7
alanine e - O, s 3,0
+yrosine i 0,60 8 340 o8




Sample : 8,10
Compaund peak | measured hermht I~'\+6‘ZC°‘\“ area | concentrabion (“"‘ol'.‘l"‘-sj
Asparaxine 2 0.s0 0,284 OR .
as particacid 3 4l 0,199 3.6
ﬁ\u-\-qu'\c_ acid g | OO O, S 67 3.0
3\~/c'm‘e 3 I, 16 O, 6582 8,7
qlrglmmc 1 0.8 Q. 284 1,2,
alanine (0 - O =187 3
+yrosine 1 —_— ._ _:q
SamP‘C: BL]S ‘
- N R Am3 )
Compound | peak | measured hemht ‘ndqr/cale. area | coneentmabion (ol dm )i
asparaaine 2 o,50 0,254 Q3.
a s particacid 3 I, 72 75 £.4
Alutamic acid| & 1, 20 ©.237 4.0
Alycine ki 2,71 - [,S37 (,2
arainine 1 L2 L,026 44 ,
alanine 10 — [,S 2D ‘ 6,/ i
+rosine T 0,Sp 0,284 0.1 ?
Sample B2.30 ‘ :
Compound peak | measored hemht | intar/cale. area | concentrahion (ol o) }
asparadine 2 I — —
as partrc acid 3 1,90 Lo 4.4 g
Alutamic acid| & — 2,00 (e,4 ‘
\ycine 3 — (1,165 12,5
arﬁlmmc q |, 65 0,13¢ 3.2
alamr\e. (Ko) — |21005' A 8,3
+Nrosine 1" |, 85 [LO49 2.4
Samplci Bz )
compound | peak | measured hemhd l’n-han/ca\c. area | concentmtion (nml.clm‘&)
Asparasine 2 6,50 O, 284 0,8
a<sparticacid 3 O— 0,165 3,5
ﬁlu-\'.qu'\c acid| & 0.9s 0539 2.9
lycine 3 (]2 0,63S 0,7
“l"ﬁ_“‘”‘c 1 0.So O, 224 L2
alanine o] - 0,6737 3 9
Tyrosine L 93 117 2.8
Sample: 8290 ' . -5
- . tration (rmol.dm 5) i
Compound peak | measured hemht t"\*ﬂﬂ/m\c.qrm COncen——- o ,
Asparaaine 2 b —
asparticacid 3 T 38 Q. 782 3.5
Alutamic acd| & [ O 0,595 32 '
alycine 3 |, 49 0,845 2.9
arainine 1 o ui s OeAad2 [
alanne (o - 2 T4 L&
+vrosine 1 I, 10 0,624 LS




Sample: B, 120
Compound peak | measured hewmhd '."'*‘3"'/“‘\“ area | concentrmahion (nml.Am’SJ
Asparaaine 2 o,50 0,284 - O3
a s particacid 3 — 2, 83 10,3
3\u+fau‘\c achd g I, 60 D, ) 4,6
\\/c.lnlc 7 1,30 L O2I [
arainine «1 O R4 0,47 2.0
alanine o - ‘
- £.188 o)
v - 0O ) 2.2
Sample: B, s
Compound Deak | measuced hemht ‘ntar/cale. araa | concentrmation (amal.dm )
asparaaine 2 — — —
asparticacd | 3 1,80 Lo2] 4,6
Alvtamic acid| & NE 0,652 3,S
ﬁ\x;cx'nﬁ i — |, 1 D4 |, 2
arg"}nlnc 9 0,50 0,284 | 2
a\amnf o — 2. 622 1D,
+Nrosine Y 0,50 0,284 . o7
Samplc: Bz |80
_Compound peak | measured hemht ‘ntar/cale. area | concentration (nm‘idm.s)
asparasine 2 — — —
asparticacid [ 3 _— [ 686 79
\u-’r.f-\u'\c. acd| &« l, 60 0,907 4 9
Alycine 7 2,00 134 2
Arainine 1 0,90 0,510 2, 1
alanine ) - < :
: 370 3S.7
14
N rosin 1" 0,80 0,454 [,
Sample: B_110 _
Compound | peak measured hexht l.’\'*ﬁﬁlcq\“qu concentratian (AMI’A"‘.&)
Asparasine 2 o,s2 o 224 o%
a < particacid 3 [, 72 2,97S 4,4
lutamic acid| < ].40 0,294 4.3
Alycine. 7 L83 0,924 Lo
arainine ” 0. o ‘
alanine 1o - 2;;—;} ;Za, '
S'l\e, " Z :
+\/|‘0 i il 0/80 0/454_ [l [
Samplci Bz 240 ;
- - : l.4 i
Com pound peak | measured hemht m*eaﬂ/mlc.qreq conce;+m+1°n (nmo "‘) f
Asparaane 2 0, S0 0,284 =1 :
a s particacid 3 I, S0 2,351 3.4
Alutamic acid 'S — o, 317 - 4.4. i
3\\,(,{:\1 ) — 2 744 33 »
arg'}n'mc - Q,éy/ o.Slé 2.2 l
a\amne. o _ 1.9 964 78,3 3
+yrosine T 0,98 0,556 (3 f




Sample: B, 0O
Compound peak | measyred hemht | indar/calc. area | concentration (AMJ’AN&J
Asparasine 2 — — —
as particacid 3 [, 30 0,737 3.3
\\u-\-.qmc acd| < [ Ob 060/ 2.2
yeine 3 L, 34 0,160 2,2
Araihine 7 0,50 O, 284 L2
alanine Te) I, 71 0.169 —%8
S_ e 4 2 .
FyroSin T 8,70 0,397 04 _

Sample: B3 S

Compound pDeak | measured hemht ‘ntar[calc. area | concentration (nmal.dms
asparaaine 2 0,50 0,224 0,8
asparticacid 3 1,40 0,114 3.6
Alutamic acd| & ),4] 0,194 4,3
3“/"_”‘? i — 0,362 0.9
arainine 9 [,50: 0,85 36
alamm? lo - 1,626 6,5

t ros ine T 0,0 Odas4 1)

Sample: + Byis .
Compound | peak | measuced heiht | Intar/cale. area | concentration (ol dns)
asparaaine 2 0,50 0,284 o8 :
as partreacid 3 a2 O, €0S 3.7 :
3\u+‘qu'\c acid| &< 0, R0 6,454 2,4
a\yc-m:e 3 |, OS 0.59% 0,6
ArdinIng 1 0,50 0,284 {2
alanine o o4as : [

. = 0 A
rosine - — y i37 3%

Sample:  Bx 30

Compound | peak | measured hemht | 1ndar/cale. area | concentration (nm‘.dlm‘.'»)
Asparasine 2 ohYe 0,294 0,3
Aasg iarh'c acid 3 1.20 0,680 3,

tutanic acid l

- [alycine S:l I2‘37)0 ?/;i? =2
aAraining , O,/c'l 5 T4 -
alanine (o — | l e 2.2
rosine A 9.%
L 0, KO 0454 1
Sample : B 60 ) S\
Compound peak | measured hemht intar/calc. area | concentrahion (hwol.dm)
asparasine 2 _ — —
o\spar‘\'l‘f.a\cid 3 1,47 (17 S,
Alvtamic acid| & D.89 0,505 2,7
Q\yc(nﬁ i | 0O 0,567 0,6 ]
Arainine 1 — - — ‘
alanine (o [, g7 L 060 44,5 ;
Hyrosine T 0,65 0,349 0,9




Sample:  B5 90 ‘ ) | )
Compound Deak | measured hewht ""*3"‘/““'“““ concentration (nrol.dm
Asparaaine 2 — - —
asparticacid 3 |, Rl [[026 a7

lutamic ac\d| < 2,08 {124 51.4
lycine L 2.0% | 162 3
aAra4ining 4 0.0 0,454 2.4
alanine (0 2. %5 [ 616 6. S i
tyrosine f 0,50 0,284 3,7 |
Sampk.'. B:, | O . : a -5)
Compound pDeak | measured hemhit ""*‘i.\"'/c“‘lc‘qrm concentration (el dm ‘

asparaaine 2 - - — ,
aspartrcacid 3 1,30 o, 737 3.3 :
Alutamic acvd| & ), 3% 0,165 4,1
Qlycine 7 L3S 0,265 0,8

araining 4 0,50 0,294 2 :
alanine to - 2,538 10,2 Y
tyrosine T . . — : "
Sample: by 120 - — —
Compound peak | measured hemht ‘niar/cale. area | concentrabion (nmoldm ) «
asparasine 2 0,So 0,284 o8 : |
a < particacid 3 2,05 I, 162 5,3 '
Alutamic acid| & 0,18 0,442 2,4 ' '
alycine 7 {,80 Lozy ane -
argfn'lnc 1 0, 5s 8,212 .7
alamnne o) — ASES 1,0
+~rosineg T —_ — —

Sample: B2 150 . ‘ : |4 -3)
Compound peak | measured hemht |n+3¢/cqlc.qu concentratien (amol dm
asparaaine ya - —_ S
aspartrc acid 3 — [, 29 SYINY
Alvtamic acid| & L2O 0,680 3 7
2'vcine T 2.20 (247 [ 4
arainine 1 0,10 0,397 LI
a\anim? Te) —~ $. S0 22.1
+~rosing i . —_ _

Sample: Bs 180 '

- X . . Am3):

Compound peak | measured hemht Intar/calc. area | concentration (rmol.dm )
asparaaine 2 0,50 0,284 0.2
as partrcacid 3] |, 3O Q2] 4.0
Alvtamic acd| § |, oS 0,598 3.2
alycine i 1,720 8,764 [ O
Araining 1 0, R 0,499 2.1
alanne Te) — |l 293 S, 2

tyrosine 1 oS0 0. 224 2,7




Sample:  By210 | ]
Compound [pch ’ measures hemht { l'rﬂ%ﬂLCq\c. area l concentratian (nml.qlm‘s)
Asparasaine 2 ©,S0 0,284 05
aspartreacid 3 2,25 L 162 53

\vtamic acid| & 0,85 0482 2.4

lyeine 7 LR (072 2
alrﬁ.mmc 1 0,15 o425 1.2
alanine o [ a)

: , L0383 4.3

yrosine Rl 0,90 2,510 /2

Sqmp‘( : 53 240 '
Comopound cak | measored height | intar/eale. area | concentrabion (mal.dm 5) 5
asparaaine 2 oS0 028 OF
aspartrcacid 3 -1 (o2l 4,5
Alutamic acid| & 1,54 0,873 4, 7.

Aalycine 3 - 0,872 oA,

qrﬁ'}n]nc - L,O® 0,612 2,6,
q\qmr\e. (O - 4,5 34 18,2:

v rosine 1 0,5 0,224 o,

Sample: (O .
Compound Deak | measured hemht | intar/cale. area | concentration (nml-.a\m‘sj |
asparasine 2 0.50 0,284 o8 | ;
A partic acid 3 1,28 0,612 2% :

lutamic acid| < O .Ro 0,454 2.4

ycine Rl - , 740 )4 4
araining 1 0,50 0,284 1,2 ]
i\amne_ (o 2,42 1 372 £.5

yrosine L 2,50 0,284 0.7

Sample: € & _ :
Compound | peak | measured hemht | Intar/cale. area | concentratian (nm,'dm‘sj
Asparasine 2 0,50 6,234 A
asparticacid 3 I, AL 0,228 3 &

-alu-’r::‘-\u'\c acid| & 1,7 8890 4.5

\\;c'm'ﬁ 7 - 2086 23
‘aArainine ] 0,50 0184 /2 i
alanine — l ‘
H'_;S,me Lo 24,313 g, 2 %

1 oas S,5 39 L3 i
. : trahon (nmol.dm3

Compound peak | measured hemht I'ntar/cale. area CO"‘;"S"‘ s )
asparasine 2 Q.52 2,284 -

a<s partic acid 3 I, 6l o3 4.2

Alutamic acid| & Loo os67 3.2
alycine i - 2,560 = -

AraInine q o,70 0,397 L

alanine (o - R A L 5,2

+yrosine i 060" &3240 0,8




Sample:  Cis |
Compound | peak | messuores hémht | rntar/cale. area | concent mabon amoldn)
Asparasine 2 oS0 0,284 0%
A< partic qci‘d 3 1,45 106 5.0
\u-%-gu\(. acid| & LLOS 0,545 3.2
\x/c.m'c 37 - 1,779 2,0
Arainine 1 0,50 0284 .2
alanine (0 ~ v l
N rosine i =243 L2
: 2,70 0397 o4
Samplc: C R0 ‘
Compaound peak | meassred béﬁh—} l'r\'*ﬂﬁan\c. area | concentration (nmol.dm 5) ;
asparaine Z Q2,50 0284 2.3
a s partrcacid 3 I, 50 0850 2.4
3\u-\-qu'\c achd < 1, <D 0,850 4,6
alycine 7 — 11,263 (29
arglmmc. 4 /2 0,638 27
alanine (o - S g 202> . :
+Nrosine 1l [,449 0,845 2,1 |
Sample: C 60 .
Compound | peak | measured hemht | 1ntar/cale. area | concentration (nmol.dms)|
Asparasine 2 - — — |
As partreacid 3 [, RS Lead 4,8 1
lutamic acid| < — 0826 4,8
‘\/C.lr\‘t -7 — 4,071 4.5 :
q\rﬁ}"'nc “ 1,20 0,630 2,9 i
ia“‘ "‘.he lo = (0,484 42,2
NARCEY 1" .50 0,284 0.1 |
Sample:  C90 .
Compound peak | measured hemhdt l'r\+3r./ca\c. area | concentration (nmo‘.dm‘&)
Asparasine 2 0,50 0,234 o8
ASpartrcacid 3 [, gl Lo2¢ 4.7
‘ ‘\u+.qu\c ac\d|{ < L6 2 0,419 S0
'a;/;'::len c :11 O— o .5
alamine , -— v - |
e “0 = .55 20,3 |
28 2,709 (.7 i
Sample: (120 '
. _ an (o] AmS
Compound peak | measured hemht |'\+ﬂﬁ/ca\\c.qrea conccr\’rriﬁon(nm ™ )
Asparaaine pa — —
a s partic acid 3 1,20 0 ,6¥O 3./
Alutanic achd| & 1,39 0,7%2 3,3
ﬁ\x/cine R — 10974 124
aArainine 4 l, SO 0,851 3.6
alanine o) — 4,046 16,6
Hrosl'\e it ,/ZO 0’.690 (1 7




Samplc:ﬁ C 150 ’

Combaund ! peak | measured hemht fn%ar./c:ﬂc. area ’ concentratian (nml.glncsj
Asparaine 2 - - ‘ —
a<particacid 3 L20 060 3,
lutamic ac'd| < 0,35 0482 2,6
\x,c.l'n.e R - (916 2.1
arainine | 0,15 O,4 25 [
al“’“"? (0 - I’<4‘7 S5
Tyyrosine I 0,20 0,377 0.4
amO‘C : C ISO ‘
Csomm P;Und peak | measured hemht | indar/cale. area | concentration {an'dmﬂ);
asparaaine 2 _ — —
a<sparticacid 3 .20 0,144 4.4
Alutamic acid g 1, R0 0,137 4,0.
Weine i — 2,124 3.0
araining ) 0.0 0,454 1
alanine o) -~ 3.23¢ B /’3.0' »
tyrosine g 096 0,544 3
Samplc R Te)
compound | peak | measured hemht | intar/cale. area | concentratbion (rmol.dms) |
Asparaaine 2 — — — ;
a s particacid 3 a4l g 1499 3.6 5
Tofamic acid | < (62 0.296 4,2
lycine 3 — S,247 $Aa ]
arainine 1 O, D 0,453 [a
alanine o - 2.23p Rp_ :
Tyrosine 1 0,80 0,454 [
Sample: C24p —
Compound | peak | measured heiaht | imiar/cale. area | concentration frmol.dm3)
Asparanine 2 - — —
A s partreacid 3 2,33 [ 22) 6,0
lutamic acid 'S |20 1LO2] 5.5
Alvyeine Rl — 42 .54 477
Arinine 1 2.70 [$3 66 - |
alanire 1o = 1152 18,7 |
T T T e Ex |

Sample: Blaak

|'r\+3r./Cq\c. area

concentrathion {nm].‘,l,,\-sJ

Compaund peak | measured hemht —
rasne 2 -
:ZP:arEtacid 3 0.0 0,454 2,0
Alutamic acid| & O 6D O 240 A R
Alycine 3 O, 60 0,340 0,3
arainine 1 - —_ — .
alanne o) 2,32 1,15 52
+rosine 1 —_ . . —_—




Origin of

Doate

Ho

samples

analvsed:

nf RBlanks: 0

Blanlk peak ht: 0

Standard concentration:
STD CAL Setting:

SAMPLE

Sample Serias:

Lo e A iy e

29

32

33
34
35
36
27
38
39
41
414

42

Mo

- trve 1sen care e s e

A

»

(@(\w(“
r~

%2
C an~

3210
300
b ;1‘\
o T e~
AL60
Ay

}ﬁb?bﬂﬁ

™~
i

5

LT RERALUER

=if ~-i98%

15 ug

FEAK Ht

7.4973
7.4822
20,9404
23,0171
13.8294
21, 92¢4
£.,0042

32,0343
8.47%

20,1043
89,4184

L

Mo

Standard peak ht:

nt/1

1.00000E~-04

86,543

23,4743
16,5004
19,3724
19,7424
80,2084
21,9987
103,355
7.4%04

14,0554
20,5244
6.7014

10.8%14
5.,5456%

24,944

102,636
99, 6823
105,459

100,369

31.5002
14,3423
23.87414
i4,4308
105,454
23,8443
5.,9889%
6.2

27,2414

22.1

59.9414

T

of

Srandards

51, 6047
51,5447
144,409
156, 696
95, 3354
154,432
44,3498
262,205
58,4079
138,524
644,334

60.58387
894,545
(644,
113,
£37,
136,145
553,545
154,693

734
434

(712,381

S4.6R47
76, 1G64
144,443
44,2201
74,7958
38,3784
172,442
{707
(487,029
(726,948
(694.791)
247,104
98,3473
164,579
97 . 3444
(726 .808)
164,799
41,3198
42,7004
187,683
152,393
442,198

BN

208)

LAPe

7

X0,

1585

L2

AG0Q

prrwl.clv"'l'3

3,6917
3,681F
10,3144
ti, 3354
b, 813
0,395l
2,9514
18,42%
! I
7.890F
43 g8i0
L, 2405
6103
0320
2.1238
4 5345
%)?1ué
27,538ﬂ
10, 2354
$0,92L3
3,691%
S.bat
10,1068
3 ,3015
5, 3L2s
2, 3L
11)1ﬂ55
50,529
aﬂ,oégS
51,9196
uﬂ,uogé
1€, 5058
+, 0626
\r,?Suu
é)ﬁélé
51, a096
o 0L
ll451|
1,031
151u150
o, €3u|
29,51 1

-
-

b

)
7
)
)
}
1



T et MeEdw M e '

SAMPILE No PEAK H1t uG NI ' Pmol-dm'g‘

—ass e aes v cpte aare sams een e R . 00 s d0oe cvee b e tawe -
. s emes ceae cmme

Samples Series;

43 2,9 11,2435 93,5648 - 6,6825
44 A0 15,9895 133,064 94,5026
45 Ao 82.2181 684,227 Lg ghel
46 B, 9 8.0014 66,5318 L ¥SIE
47 A30 17 .9899 149,732 (0, 6960
48 7, 1S 8.222% 68,4928 ,290L8
49 A2 87.7788 730,59 s2,131%F
50 2,30 24,5951 179,706 12,8308
1 4,0 68,8635 573,154 Lo 935Sk
52 B, 40 ?.0452 75,0759 5,3620
23 B33 5.9073 49,4635 2,513
54 (o 17.9127 149,034 10,6434
55 A4S 21,9635 182,787 '3 0508
56 AS 23.3992 194,693 13 4052
57 T30 4,8898 40,7595 29110
58 4,50 20.5902 174,302 12,2306
59 23519 14,8204 123,399 ¢ 81332
60 R, s 6.9966 - 58,2479 w,le1s
61 A, 37 84,4786 719 .804 S, L0973
62 £ 5 81,4709 678,064 Lg, 282 .
63 g 76,8644 ~ 637,686 L5 6972
44 3,22 1.00000E-04 1 222.54¢4 15,8959
65 o 3.0144 25,072 I 3904
66 2.0 4,4825 37.2578 2, 6410
67 _B,10 5.0704 42,1602 30101
68  MG& 11.9301 99.3075 +,0924
69  B,%0 9.8554 82,0793 S,8622
70  B.,S 65,0827 50,5642 33604
74 A% - 18,1643 151,432 10,3960
~72 C30  -.... 17.5579 - - 146,09 10,4339
73 B, 120 ?.6322 80,1483 5, %222
74 A 2% 17.0414 141,888 10,1338
75 A5 21,291 177,185 1 a,654:8
76 A, IS0 24.1028 200,576 14,3250
77 Bz 7.4373 61.9096 o427
78 (e 18,4552 153,654 1o, 1T
79 R < 6.6341 55,1864 3,415
80 7% 9.8404 81,9392 S,8522
81 A0 19,5055 162.338 11,5893
82 Als 19,9292 165,839 C1y,8392.
83  Tp. 15,1742 126,34 G,019G

Az)80 S22 s 66332 21 1S,2334
35 C)zo $&. 0528 P22 sia 1,109

("




Vit da D LU O aHMOMIUM-H T SFy WATER
D igin of samples JBREUER UeT 5ONOY, feay
Date analysed: 7 =14 —498%5

No of Blanks: 5 Mo of Standards: 5
Blank pealk ht: 4,87002 Standard peak ht: 13,3317
Standard concentration: 2.5 ug at/1

BTD CAL Setting: 4

SAMPLLE No PEAK Hr uls N/

4040 oaee it ons to0t t0s0 smem seme bean oes snn ey 4340 tmas e seve s comy e ene vams sene

Sample Beriesg:

R
o
o

3., 3845 24,9349
V72632 q 3225%
2.94%57 21,7404
2, 0474 14.95?2
1,3%33 ?.94474
5,404 482, 4532
£H.0382 44,4042
701547 B2, 52514
10,7068 78,7477
1.9882 14,567

2.8932 21,2902
3. 9249 28,8533
6. 0645 44,5443
2.6519 19,4493
2.5086 18,3488
7. 26004802 CSHDR2A8
4.72639 ‘ 36.5%75%
5.4592 40,0592
5.2874 33,3724
1.4643 i0.7852
! 1.6071 11.76%8
22 3129 a 7731 42,1602

@]

t

NN @ IR AR Y

v
Q-
<O

i opa &

>
-

v

P =S N

-
31

i N et
o P
™~ m

&
OWn St

‘
Uae )

- (D
G

[N
[}
.

'y t
oY

o T OO T T AT
S o
ISR

a~
wl

(V)
D (S
< O N

N et = Bl S U
M N o U Glpg &

&

[N
L
TR
~

rJ
[N
g
RS
~ o=
w <

L.|4L. 07
8.4776
1.7349
L9225

2.6264
1.2484

25,2424
58.%48
9.1043%
i3,.769 .
S1.%5447
42,3804
N.7043
16,660
15.9476
42,3002
7.,28343
i1.62%8
15,4272
16.24783
L0,0887
73,419
23.2%941
14.9872
17.788%
62,3298
22,7464
6.863283
19.3292
9.410435



DETERMIMAT T
Origin of somr

Daote annluvaed:

S

Sample Serieq:

47 Byou
48 3 150
49 B, 240
510 B, 210
B B,150
52 ¢chio

53 C2eo

o N U g Oy e
=
a
o

10 B,0

{7 B
13 A,
i

25 8,33
26 AL120
27 c§

iMPLE No

OF 0N T L3

Bo-ld o ~i905

FEAK Mt

10.5308
7.0652
7 .8145
5.8058
12.0286
2.41648
1.7032

77588
?.5924
1.8%4
2.50588
1.92
9.8169
?.398
4,474
2,5%14
16,1970
1.3696
6,91
1.3978

pod s o L]
AL DD

2.0217
17,1978
2.2978
47324
8854
B3.56973
8.7%0%
7.8282
7.92%09
7.4996
9609
10.0663
5.1863.

fa

8]

g

THOBEA WATER

U

uls NS

77.347

51,9649
87 .4275%
50.0039
88.3R323
15.94674
i2.4664

32,2454
39,639

7.70368
10,365

7.,98382
40, 6494
38,9384
18 . 4888
0,505

67,0924
5.60268
e I b
5, 74075
Q78449
8.,404072
71,154

9 .5R4%4
8,96429
7.34375
35, 997p
36,9777
32,3555
32,9457
29,8343
2.92428
41,5999
21,4303



Sample amount filtered ( g C) Jconcentration { mol.dm‘3)
490 n 72 180,00
15 59 81,94
410 37 51,39
4120 41 56,94
4160 36 50,00
4190 51 70,83
4,120 51 70,83
41130 65 90,28
44180 53 73,61
4921C 32 44444
4240 _ 48 : ’ 86,57
As0 59 25,83
405 29 40,28
4510 44 61,11
Asl5 34 £7,22
A5 30 50 63,44
Ap 60 38 52,75
2590 50 69,44
42120 75 104,17
40150 42 53,33
45150 84 116,87
45210 46 63,39
Ap24C 113 156,94
850 89 123,51
4310 50 33,33
£35 Ry 56,11
415 34 ) 47,22
4330 39 54,17
A4 60 35 48,81
A;120 62 06,11
43180 54 38,89
45210 60 83,33
43240 53 73,61
34,0 71 54,72
3115 33 54,17
By33 39 45,53
3160C 50 23,08
3,90 59 69,44
B,120 67 28,51



[ ]

(@]

[ BN S TN &

(@]

132
EC

137

[SANEEN]
W W

(UV)
2



.

(2.

i13.

LR R

L e and

Time (min)
Count(ppm)
Times a b c d e £
& 48 [14 174 2329 2.05%
o 204337 2136,3¢ 254559 2674,7512934,13 {324 1,31
< S 58 123 R 24 208
655,06|2304,04 269442 321026] 390245 A62303
/«// N L S A
| % NSNS A
1 211139 a9 258 | g
1S 12199,4Y 2012 49 2919.06) 3503, iy 393,57
= 24 21 1§2 | 239 | 273 | 333
102904/ 25 31,44 2 337,02 3163,24/S0%3,60 602164
Sl e | 29 239 | 203 | 363
6C |718664 2921542571 7] '3&&2&7///’//’//,4661,92
a0 ool 1£2 12234 | 2% 333 | 293
153,41 1S 38,1112503,56 k¢l |4oil, 14 | 511261
120 g 119 _4 25#} 303 | 363 423
027,54 1300,17 17 79,43 3648,23| 291178 | 3AS, 6.1
5o Lts2 | 237 | 293 | 333 | 393 | 463
1135 6112386,19 2 294 33| 3769,80| 32 87,38 3259
N o A A
19 Na | 239 | 303 | 363 A23
30 605,83 |1078,80| 66,25 2723,74| 330310, —
>0 214 | 273 1 3R | 3913 | 453
_1U8L36(R50,161838,00 | 2429.49 12<91,39] ——
240 239 | 303 | 313 | A2% 453
1451,42|5225,522330,77 1255153 —

283K,54



(0.

i,

Juoe TR LUSs and sudselililinlg TIHES 0T 1ias Contrdli LUuCKEL 'S
samzling timese.
Time (min)
Count (DPM)
Times a b < d e £
5 O 4% V14 119 239 203%
A1l 01 |1S5194|2438 44 A016,57| 3991,21 | 67 61,74
5 ¢S | 123 13S 24% 3%
Ny | |
SC0, 75 1I§3947 349, 4] | 3649 <95 232,29 £705,30
N A T T T T A A
(] 21 | 133 199 259 | 313
1S | 1505241577, 3¢ |2 <95 44 365y [///)/) /499204
=5 29 249 12 | 239 273 333
1402 04| 23%9,69] 3820 1,7 345,34 $950,59 £756,56
£4 14 | ™A 239 203 4,3
16C 55 A3 | 088G Zo:mq 4276%72_(//// ///// 6323207
a0 84 | 1g2 1239 | 2733 | 333 | 293
' 121894 [294 39| 3545.1) Abas, 157372, 12| 6953,65]
oo W7 | 179 | 237 | 303 | 363 | 423
2065,141544.72 11188 16 | 1R96,55|10152S | 12 72,06
SO 1Sz | 239|293 | 333 | 393 | 4S3
19140,56 827,69 | 80622|1201,45] 104,26 | 1 287,54
// e e g 1 - P g /1/ / A
<A v AT A
| 179 229 | 303 | 363 | 423 | —
[€0 Iléb,?‘i* 4907 | 186,58 131,44 58489 —
510 214 | 293 | 333} 3 | ag3 | -
101,80 135,34 1800, 82| 431,711 | £32,38] =~
240 229 | o | 393 423 | 453 -
55085 |4514,80 |\ 42,711] 2215, 161,10 —




varbon vroduction wlues - activities.

& — Bxperimental bucket.

[
o
23
G
'_.l
0]

\D(D'\IO\\I\AI\JH

o= e
w N

Sample time

11
29
59
89

119

152

179

214

239

C - Control bucket.

Sample

1

O O 3 oA

11

13

sample time

0

5
11
29
59

119
152
179
214
239

. =3 o
Carton production mnge (10 )act1v1ty mean

2,155
4,702
2,547
5,803
4,443
5,372
3,162
3,503
4,510
2,609
2,449

6,979

5,670
6,516
6,775
7,034
~0,462
0,623
=0, T17
0,037

14,008
30,563
16,555
37,720
28,882
34,918
20,553
22,769
29,315

16,962

15,318

45,360
33,270
35,280
42,360

44,040

45,720

- - 3,005

4,050
~4,661
0,630
3,693

3,082
17,633
9,551
21,762
16,663
20,145
11,858
13,136
16,913
9,786
9,184

Carbon production rénge(lO-B)activity

26,170
22,656
20,475

.24,438

25,408
26,377
-1,734
2,337
- 2,689
0,364
2,131

mean




Tatzl bacier .al deasity (V) of the
the diiferent bacterial sipecies.

Sample
Blank 1
4310
B 10
45
C5
b5
A35
co
A0
A20
430
£330
4530
4,23
c 15
A315
B115
815
Blank 2
4,15
C 10
4510
45150
A5120
B30
B190
C 60.
B160
A360
4933
¢ 30
A1150
45150
A1120
43120
Cc 120
4590
4,90
C 90
A390

n(10%)

5,620
33,378
16,273
17,397
39,438

37,288

57,080
37,483
11,728
25,901
36,164
64,020
25,754
54,246
31,912
169,824
123,394
67,538
3,176
9,041
80,391
17,251
9,627
61,430
10,898
30,152
32,743
23,604
29,957
44,814
11,142
25,901
73,696
29,664
40,415
26,878
79,169
26,536
39,438
45,250

B SC
1,09
7,722
4,350
5,148

15,050

11,580

19,500

14,160
3,762
9,108

10,593

12,276
6,930

20,196

11,286

44,847

26,631

16,830
0,198
2,772

10,494
6,138
3,465

18,513
3,663

10,296
9,009
7,227
7,029

12,670
4,455
8,514

14,349
8,613

10,593
8,217

17,127
8,613

15,741

11,682

B LC
0,141
76,538
34,360
45,298
71,852
81,224
90,536
60,918
23,430
56,232
110,902
187,440
43,736
104,654
59,356
221,804
176,506
87,472
9,372
28,116
104,654
34,364
15,620
114,026

: 15,620

49,984
71,852
57,794
59,356
82,786
14,058
56,232
139,018
62,480
85,910
49,984
93,720
48,420
154,670
137,456

- Teete!

»les and individual biomass velues (B) for

B s3

2,178
124,150
37,026
52,272
58,306
76,230
167,706
80,586
37,026
45,738

69,696

213,440
108,900
93,654
76,230
163,350
174,240
126,320
10,830
30,490
187,300
34,850
19,602
158,994
30,492
82,764
95,830
56,630
84,940
141,570
32,670
56,628
145,926
67,518
124,146
80,586
156,816
67,518
74,052
98,010

B L
29,563
7,392
7,392
29,568
36,960
14,784
7,392

51,744
14,784
14,784

74332
66,528
29,568

147,840
22,176
7,392
7,392
7,392
14,784
22,176
T,392
14,784
51,744
66,528
14,784
14,784
22,176
14,784
14,784

B SU

4,356
17,420
13,068
8,712
21,780
28,314
28,314
15,246
2,178
8,712
13,068
50,094
4,356
23,958
8,712
13,068
52,272
26,136

2,178

169,696

4,356
10,830
45,738
10,890
13,068
19,602
10,890
52,270
34,848

4,356

4,356

54,450

8,712

41,382

15,246

30,492

10,890

15,246

45,738

26,136
2,178
4,356

2,178

6,534

Biomess(10™ 1)

157
257,5
89,4
123,1
177,0
229,0
347,4
185,6
73,7
121,9
204,2
412,6
'180,3

mg.dm-3

259,4-

162,39
1360,1

472,2

256’7
40,0
6345

535,2

101,38

49,5 -

349,0

62,8
163,5
205,8

132,5

224,

296,2.

62,9

140,5.

432,2

216,0
281,1

168,8

298,1
159,7
174,4
314,2



Total ascterial deusity () of the samples and indivicual biomass values (B) for
the different vacterizl svecies continued...

Sample
41 60
By 160
By 180
41180
41240
4210
¢ 210
4180
C 180
A3180
¢ 150
22240
€ 240
A324O
4210
31210
A3ZIO

N(106)

11,875
36,652
26,732
22,133
36,506
24,288
34,840
37,288

8,454
53,122
25,070

9,089

39,438

77,948
36,652
33,085
24,581

A D NPT anan

B 5C
4,554
11,286
10,098
64534
12,276
4,350
10,989
14,652
2,970

17,325

9,009
3,366
13,662
12,870
10,5393
10,296
8,514

B IC

23,430
62,480
40,612
53,108
68,728
81,224
60,918
57,794
15,620
99,968
43,736
20,306
76,538
117,150
71,852
81,224
45,298

B SR

26,136
80,586
52,272
43,560
78,408
56,528

100,188
67,518
21,780

117,612
52,272
28,314

84,942

13¢,680

108, 900
71,874
41,382

B L3

22,176
7,392
14,784
14,784
22,176
14,784
22,176
14,784
14,784
14,784

30,492
17,424
26,136
30,492
17,424
21,780
10,890

4,356
34,848
15,246

10,890

21,780
71,874
21,780
10,890
28,314

B

2,178

2,178
13,068
10,890
4,356
2,178

; -1

Biomass(10 ')

mg.dm~3
54,1

209,]
120,4
136,7
189,9
160,2
208,€
167,8.
44,7
304,9
120,2
62,3 .
. 211,7
. 365,6
232,2. -
191,2
138,2





