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ABSTRACT
D

~

b - N hd qr t
. - Experlmen%s have been petrfdrmed to determ}as,the £§tesof

v »
v, - ¢ -

[N » o ot ta
.didsolved free amino acids released. in natpfal, symmey , cdastal

'
»
T e N

- plankton communltlgé off Halifax, Nova Rcotia, Canada. An

[ v N
[RARY .

incregse-in 1n°vivo chlorophyll fluorescence observed with

A e

- - 4

- enrichments of 1.0 WM of greater L-arginine-vas found to follou v

-

! . 1 - & > a
the Eelease of ammonia from the added amino acids. Micro-

§ytorad10grépﬁy of natural populations exposed EﬁQIQC—labglled
MY N ® * 4 - L

F] .

.

- » " - T .
¢+ _L-arginine and L-glutamate‘at 0.1 WM revealed that the radio-
1A - w < N v ~

S

. . v f
* activity yas associated wlﬁh fecal pelleis and det¥itus, but nofo -
R L)
¥ - £ - k]
y1th phytoplankton cells, Suggesting-that.backteria vere g . v
¥ a=* N - -
% 3
. 3 o >
. responsible for ‘amifio atid degradation. |, o
3 - - \ IS oo
] o
% o

v

) s Further ev1deﬁcg that amine.&cid aptake and degrada}lon vere
4 1

Fy N !

- ‘l\ ©

1 ., bacterially medsatedq came frdm;expgrlments'WLth metabolic

I

N B
inhibzitors, amino acid analogues, ﬁbe specificities of substrate

) v

A
. induced uptake systems, and from the_induction and loss,of‘the .
r 4 ¥

[N

abllfty to take up L-argipine in a population contained in a carboys -
¢ ’ - ")

14 AN

. Coa 7 . :
.+~ "These ddta fuvther suggest that the observed kinetics of amino acid

T

1 . % ¢

uptake and %pgra@atlon are related to the metabolit activation of a
.0 b > 8 N

large ﬁ;actlonaof the bacteria from a resting state. -« , B

. The ﬁlnetlcs weére affec%;drby ;hé ihcugatlon temperature and
- Ehe pﬁséénqe of other organic coé%ou?ds but, not by light or 10.0 LM

nitrate ‘or ammonia. Nitrogen regeﬁeration’varled from 60 to 85%

- ? \

' gof the theoxetical maximum for L-arginine and fromu60 to 100%

(average 80%) for a variety of other amino acids supplied at 10.0 uM.
/ ’ A

¢
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LIST OF SYMBOLS AND ABBREVIATIONS . , : &
ATP - adenosine triphosphate P , -
4@\" - Centigrade degrees ”"’ . \
. o o % oo
. °C ) ~ temperature measured on the” Centigrade scalé, . : .
\ - ) »
DA . ~ deoxyribonuclexic.acid. : .
&
a . i \‘\ 1’ l )
DPM . - disintegrations (of an unstable atom such as L}C') . o o®
. per minute. b
o« ¢ v a . )
ks - the substrate concentration at vhichyan enzyme reaction
~ ) ! > I
- : > v ‘
described by Michaelis-Menton kinetiks, v = “max §,
. T * - k, + S i
' . proceeds at one half the qrgal.x:una.].’ velocity. ¢ N
S and Vmax are the ambient substrate concentration and °
' the maximal velocity, respectively. . . o
N N ®» it
2 - liters . 4 . . N
f Ly°min_ - langleys/minute, a measure @glﬁ%ldent radiation. i !
» b f i
+ v
m - meters. \ “ s
2 % s
- B
. ‘mg . - milligrams, -10 ~ grams. b - P
- 3 . o .
, ml ~ milliliters, 10 “liters B
. -,L -4 °_3 l ° - . i - ‘
mm - millirfeters, 10 “meters e
mM . m—- mi’lllmoles/llter, 10-3 moles/liter ) N .
) ~ .
. ~mRNA | - messetclger rlbonuclélc, acid ' . ’ )
! - o, " v
N - . ~ normality, moles/liter of hydrogen or hydroxide 1om. .
’ - t o
: » __9 \ ¢
nm , ~ nanometers, 10 ~ meters- SR . 7
‘ N g
pH - negative loélo of the hydrogen 1on”activity. ; '
‘ - u
. . -
QlO - rate of a process at T + 10 °C divided by ¢he rate of -
. IR 40 .
: *the process at T °C, here rate 1s replaced by the v
o D . . N
' duration of the-lag period,preceding- the 1ncre°a'sg in the
1 »

rate of uptake of a substrate. , -
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A} ,..,sﬂ&? [
’ ° ’ 8 A
td ’ ¢ - ®
3y - i
" o . ‘ \ 7 a © ‘“
b - 1intrinsic rate of increase, here used "to denéte a <o »
- & . ..
- T
. selection for a haigh gmwowth rate. ;
? 2 N < T ' )
~ 4 Py
T ! - -= correlation*coefficient for, %hnear Tegress1on.. .,
" - ) ~
RNA - ribonucleic acié . N "
~ " - . 4 hd . . “ .
RPM » - reyolutiond/minute :
. w o . » . ,
v/v -~ volume to volume ratio., e 7 i :
o ~ N ‘ e b
nax ~ velocity of ap enzyme reaction descraibed by the Q,W ,
r <
13 - ” EY -
° M »° °
Michaelis-lMenton.équation, (Seekks) » at saturaging - .
a ! ’ - ¢ * s, o >, N D, *
substrate céncentrations. . a1 . N
[ -
-6 - 6 . o, e
ucy \ ~ microcuries, 10 = curies = 2.22x10° DEM o YT, e
¢ "‘6 . N [
Ug-at N/& - 10 gram-atoms of nitrogen/liter. . oo ,
) ° “ . _6 1 B " - -n :
UM - micromoles/liter, 10 =~ moles/liter., = ¢ . . - "
B N , « X -
i3 -
% - percent, parts per hundred. <. s :
. of . o ot * &
o . 0 4 P
/oe - parts per thousand . , oo .
‘ - . - .
&, . R - R g.‘ ks »
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studied quantitatively.

- a.leyel such that the natural
re

*

!

Steeman Nielsen's (1952) Eechnlque for me

a

v

o

~

Heterotrophy in the pelagic environment has only recently been

Parsons and Strickland (l962).developéa a

v

asuring primary production.

r

-

* technique for measuring heterotrophic production analogous to

L4

o

Radiocactrvely labeled organic substrates vere added. to a sample of a

A ] -
pelagic community and heterotrophic, production was taken as the rate
9 LY

of incorporation of the.substrate into parpiculate mattgr.

-

4

Q

~

7

<

Many of

- Do %,
the amblggitles and problems associated with the measurement of

pLimary productloﬁ“have béen eliminated so Qhat 1t is now a standard

v

tecbnldue, but problems still plague the assay for heterotrophic

[
activity.

®

°

o

o

o

N
°

One of the problems is that the choice of substrate is st11i-

PN

1argely::§\§o the experimenter’.

~

.

trophs as bicarbonate 1s utilized by phytoplankton.

-

s

i}

Fl

-~

h=N

developed, a standard subsgtrate must be §e51gnated, but 1t 1s unlikely

Pl

/
If a standard techmique 1s to bé

o

that any organic substrate will be taken up as uniformly by hetero-

-

v .

[

The next problem.encountered 1s that of substrate con@hntratlon}

Parsons and ‘Strackland (1962), restricted by analytical techniques’

e

- o ~
(st1¥l a problem with sope substrates), chose to add the substrate to

’

+

k]

.

]

ly occuyrring substrate vas an insignificant

L

2

fraction of the totaihghbstratq?ln |4 given experiment.

t

This woudd

I

saturate uptake systems,-hovever, and provide an overestimate of the

-

b

i

-

“

+

b 4. . °
actual uptake rate in situ. This 1s accéptable for comparative purposes

but didn't provide the maximum information on the dynamics of the system. <

-

-

Subsequent authors, (Williams and Askew 1968, Wright and Hobbie 1965),°

»

S

chose to add trace amountsof]abel}ed substrates so that the added

3 //

Ny

[

B
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?@g

substrate formed an insignificant fraction of the vhole. They, were
\ M -

14
N then requkfed to deterhine the natural substrate concentrations to

Rt

- estimate turnover times and Substrate fluxes. A technique for the
&, b
. kinetic analysis of the flux of a subsStrate through a &ystem evolved

1Y

frbq this.approach, (Wright and Hobbie 1966). This analysis vas .

. . based on the application of Michaelis-Menton enzyme kinetiés to,

< [y

mixed systems, and follous from suggestions put forth in Parsons*

» . ° @

.  and Strickland (1962). : & . 2

-

3

3

- One of the primary reasons for choosing to work with amino acpds
/ /
wvas that they represent a potentially 1%portant source of fixed

nit}ogen for ‘phytoplankton growth. They also represent a potentially

v

important source of energy and reduged carbon for heterotrophlé

- t a

grouth, and nitrogen reggnerated from dissolved free amino acids could

also be important to pﬁytoplankton ecology. Understanding the dynamics

¥

n and ‘physiology of the utilizagtion of dissolved free amino acids 1si2§§

4 = 3

first step to understanding the utilization of amino acids bound as

s

o
a ' -

B
polymers in proteins and pepﬁldes and as ligands attached to clay
4 - .
Y 4 i}

particles or metal ion complexes. a

2 o

¢
| In addition, a relatively large body of literature exists om the

4

concentrations a&ﬂ oxidation rates of certain amino acids in seawater.

L3

% .
Techniques for the ana%;pls and handling of amino acids are available

$ [

ftom the faelds of biochemistry and physiology, and the metabolism of

@

these compounds is vell knoun for a variety of representative systems.

o
AN

.

Most common amino acids are availableiwzth a 140 labél at any or all
\

of the carbon atoms, and many are available with a 15N label, so that

°

tracer techniques can be readily applied to the study of their -

ut{llzatlon in natural communities. .

* *
+
v

~
¢
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’ J 5 « a
> & b ’ L]
Arginine and glutamic acid im particular repfesent two of the
¢ extremes 1n this group ofs compounds. Arginine 1s bagic wvith a pKa'of
12.5 for the-guapidinium groip and a G/N ratio by atoms of 6/4.

<

Glutamic acid on the othe nd has a pKa of 4.2 for the gamma °
carboxyl group and a C/N wa 1o of /1 by atomso Argin1ne is gaxely
J 4 L4 K} v ' e ‘%u

conc&ntratio 8 (>10 8M) in seawater while glutamlc acid,
i, 'Y K 3

l
™
o

concentrations >10 7M (€0ck11ngton 1971, " Chau and Rlley 1966, Riiey °

and Segar 1970, Jeffries 1969, Andrews and Hlllléms 1971). ”Pre—

e

1im1nary,éxperlmengs»lndlgated that arginine .was degraded more rapidly

than most common amino acids by natural communities. Glutamate uas

“ o ,
3

also degraded fairly rapidly 4nd tﬁls pair vas chosen for compar;éon

~ @ ~

S R
"becalise of the differences in their propertigs. g

o r B N

v . =

) & °

The substrate concentratlons used were selected xgﬁhf as close to

v

o &
the natural levels as p0551b1e%and yet suff1c1ently high to permxt thee

Y 7
* © 3 \

analy51s of both substrates and degradatlon produc Within these

. & @
rest;alnﬁf, 15.0 quwag chosen as the usual concentratlom; however

1

experiments with lower cordcentrations were performed to'see af any -
. N L
. - ',
major ch&hges in dynamics vere observed at these lower concentratlons.

!
o

Brological variability and analytical sen51t1v1ty set the lover llmlt

- 'Fh Py

betweén O.S‘and,l.ﬂ M of subsﬁrage, These concentratxons are freﬁ
- 1 ¢ ry iaad o o

N o ey
1 to 3.orders of magnitude higher than'the analytically determlned{‘o""D
Q

- " a s I3 .

concentrations for open ocean water, however, the biologically

6 8

. P ° N
significant substrate concentrations may mot be that of bulk.ggﬁer but

‘ ?
rather higher concentrations found-im the vacinity of particles (Bell

©
o

!
and Mitchell 1972, Bell et al. 1974, Paerl 1974, Uangersky 1974). In

v

“

° L

v

=

* R
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addition, Williams (1973b) and Gocke (1976) foung/only a slight

increase in the resp;rat10n¢rat19 of a variety of subgtrates with

!
increasing concentration, sJFgestlng that the increased concentrations,
<
¥

do not greatly affect &he metapoli.c processes and pathvays in active
o::ellsﬂ,s”0

3
i
4
[

\y @
%
One of the main points raysed
a

+

)

r,‘

]

by Parsons and Strickland (1962) in
discussing their method 1s that it is not p0351bl; to determine vhat
grganisms are using thejorganic substrates, only that they are being

’
1

taken from a dissolved state into a particulate state. Thig un~-

certrinty has resulted in a discussion by various authors as to' the
¢

o

8§
-0

identity of the users of the various fractions of dissolved organic
- compounds. One aspect of this discussion concerns the bacterial versus

’

algal utalization of organic compounds, particularly the nitrogen-

L
. ‘ g
containing amino acids. Until recently 1t has been difficult to obtain

direct information on the fate of these compaunds

Q

Brock and Brock
(1968) developed a mlc%o—autoradlogrébhlcLtechnlque that allowved direct

observation of the organisms using added labelled substrates, A
’

routine vork feasible, particularly 1f only qualitative results are
desired.

Y
v

e

o

@

- modification by Paerl (1974) has simplified the original procedure making

a
.

£y

5
Section I of this thesis attempts to identify the primary sinks of

arginine and glutamate in the Halifax Harbour plankton communities. The

s
interactions of the bacterial and aléal components of these communities

bound gatrogen in arginine and glutamate is‘also investigated in this
section,

A

with respect to the utilication and mineralization of the organically

S

This pathway for nitrogen regeneraztion has been discussed by



/

+

EN

4 . 5.
Wright (1974). 1t 1s potentially important to phytoplankton nutrition
and may comtribute significantly to the nitrogen requirements of

primary production, but unfortun§§ely there 1s little’data on the
process. . e a

°
‘e ) R )

Based on the evidence to be'presented in Section I, 1t seems likely

L3 -
i -

that mineralization ?f amino acid nitrogen to ammonia by heterotfophs

&
1

folloved by the utilizgtion of the ammonia by phytoplankton is the

mdjor pathway for the return of arginine and glutsmlc acid nitrogen to

. ¢

the phytoplankton in the communities studied. Wright (1974) and Hobbie o

« -
o

and Crawford (1969) have found that the respiration rates and ratios

of a variety of amino.acids vary from ‘compound to compound under
‘A R

identical conditions., The experiments presented, in Section II were
. &

-

performed to determine 1f the kinetice of degradation and the nigrogen
Vol ¢
regeneration ratios, accompanying the degradation of a variety of amino

v

a & s
' acids similarly varied from compound to compound.’ This information

Y 3
-
- - . -

. tould be of use 1n attempting o assess the importance of n%trogen .

2 ’ .

regenerated in_this manner to'the nitrogen budget of these communities.
4
Comparison of'the klneglcs and regeneration ratios of a variety of amino

acids may also allpw one to make inferences concerning the physiology of
a b s ¢
the heﬁero-ophs,

P 4 =

In the experiments presented in Sectien II, differenges 1n the

kanetics of utilization of various amino acids by a given community, and -
. , X

. > :
i @ S

in the kinetics of utilization of a given amino acid by different

- 32
-

communities, vere found. A lag period preceding a marked increase in

o

. the rates of uptake and degradation vas found to be a property of the 7

utilizBeaon of amino acids supplied at 10.0 UM to these communities.

"
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Similar lags folldwed by-increased rates of utilization have been

’
"

dzbservegﬂfor a variety of substrates by Williams and Gra§ (1970),

Williams (1970), Vaccaro (1969) and Wllllamé and, Askey (1968). These ;. -

’

Xaﬁthors conclude that the.rate of increases they observed vere due to »
o R A a0y
‘b

an increase in the bacterial population;, although the possibility that
the lag and subsequent rate increases were related to enzyme, 1nductidn

required to adapt the population to a ney substrate was mentioned. _A°

1 @ ]

thquyposslblllty, the 1ncreases in substrate level leall to the

v t

L]
activation of a fraction of the population that has previously “been

X ’

dormant 1s suggested by Hobbie (personal communicat;og), Jannasch
- . <

{1974) , and Jannasch and Mateles (1974). Section IIL presents o
experiments perforﬁed to 1nvestigate the' basis'of the increases in the

rates of uptake and degradation of amino acids and the physiological

and environmental factors affecting the duration of the 1ag“precedﬁﬁg

the rate incredses. . B . ' v
i o | 4
o . . ,

e
’

? oo

o

“
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INTRODUCT ION

e i

¥
W

The nitrogen nutrition of marine phytoplankion has been the focus

of a great deal of research effort. This stems primarily from the

0

supposed role of combined nitrogen as the growth limiting nutrient in _
the open ocean (Ryther 1963, Thomas 1969, 1970a, b) Organic nitrogen

sources have been suggested by various authors as a means of meeting -
~

the requirement of a cell when inorganic fixed nitrogen 1s 1in short

’

sipply. Recent work has shown that urea can be used by many phyto-

A . 2

plankters (McCarthy 1972, Carpenter et al. 1972). In additionm,

«

'

Pphytoplanktord have been shown to tage up a variety of other nitrogenous
organic compounds (Hellebust and-Levin in prep.,Hellebust 1970, White 1974,
Neilson and iew1n 1974). Of the many possible organic nitrogen sources,
amino acids have been suggested by many ?uthoré as potentla;lf important

to phytoplankton (North 1975, Wheeler et al. 1974, Schell 1974, Thomas
¢ ]
1970a, Degens 1970). This 1s based on observations that a variety of

A}

algae can utilize amino acids at lov concentration in axenic culture and

v

that amino acids comprise the largest fraction of the potentially useful
o%gzzic nitrogen, next to urea, in the sea (Wheeler et al. 1974,

Hellebust 1970, Degens 1970, North 1975, Thomas 1966). |

Some recent attempts tonextrapolate laboratory studies to nature

1nciude Schell'’s (1974) measurements of the uptake and incorporation of
lSN and 14Clabelled amino acids by particulate matter vhich he assumed .
to be phytéplankton. ,North (1975) demonstrated the utilization of
naturally occurring amines by Platymonas sp. and speculated that a
similar situation would exist in a natural population of phytoplankton.

Such Observations provide some evidence that amino acid nitrogen could be

used directly by phytoplankton in nature.

i



A problem that ig alvays encountered 1n extrapolating f£rom
®

laboratoryistudies to nature is that natural systems contaln a large
¢ AY A

number of potentially competing organisims or reactions. *Although

o
N

phytoplankton can take up amino acids, photodecomposition,

]

adsorptiong and bacterﬁgl uptake are among the other ways 1in vhich

’
-

amino nitrogen may be removed from the vater column. Photo- ¢

.

i
decomposition (Bada 1971) and bagter%al‘degradatlon (Uraght 1974)
offer mechanisms whereby the nitrogen could be returned to the vater

¥ v

column as inorganmic fixed nitrogen. As photodecomposition requires

the presence of free, unchelated transition metal i1omns, there seems

!
Ll

to be some question as to the rate at which it would take place, and

1
[

hence 1ts amportance, i1n the sea (Bada 1971) ' '

Some authors {(Derenbach and Williams 1974, Andréws and~Williams
nl97l,iWr1.ght and Hobbie, 1966, Hébble et al. 1968) have suggested that
bacterial uptake of organic substrates proceeds more rapidly ﬁnd at

lower substrate concentrations than algal uptake of these same sub-

"

strates. They infer that bacterla would "ouf-compete™ the algae
y g

unless the substrate was present at wnusually high concentrations.

This conclusion 1s based on size fractionation and carbon dioxide
production (Derenbach and Williams 1974,(Andrewseand Williams 1971,
\

Williams 1970), micro-autoradiographic evidence (Paerl 1974, Munro
Ve .
and Brock 1968), and kinetic arguments (Hobbie et al. 1968, Wright

< "

and Hobbie 1966). None of' these studies offer definitive proof,

hovever, all pro¥kde evidence \that bactepia would "out~-compete"

%
algae for a substrate such as an amino acid present at a low con~

centration (1 O uM). The present work is an attempt to assess the

- «
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relative iﬁ?ﬁxtance of the glgal versus bacterial pathuvays of amino °

acid decomgosition and amino nxtrogen utillzat%on . .

o 3 14
o

-

MATERIALS AND METHODS .o
i

| ) °

All oflthe'water used in thals §tudy vas ¢ollected from-the outer -

[ .

portion of fHplafax Harbour;“Nova Scotia, Canada (44°36°'20"N, 63°33'11" 1,
o i ’ !

o °

fig 1), The experiments ¥ prformed during the summer and early falll

|
[

months of 1974  Fixed nitroges (nitrate plus nitrite plus ammonia), above

0.5 ug-at N/& to values of 1 to\%4 ug at-N/% in the fall. Thé water was

N

collected from 4 “small boat in the late morning of the day omn vhich the
|
experiment vas begun from 10 cm below the syrface by immersing a 202

o

plastic carboy with the mouth pointing forward vhaile slowly underuay. (

The carboy was soaked amr 0 5 g hydrochloric acad betwe%n uses.

a
t

The water was brought back to the laboratory where 1t was pre-treated 9
¢ 1
by enriching it Elth phosphate, silicate, a trace metalswethylene; ‘ )
éiaminetetr?acetlc ac1d sol;t;on, and a vifamin mixture, to a final
concentration equal tﬂ 1/40 -0of thé "f" formulation of Guillard and Ryther
(1962) unless gthervlé;’notéd. The pre-treatment was necessary vhen A

measuring chlorophyll production as a function of added nitrogen to avoid
- ' ’ : 0
difficulties associated with growth limitation by a plant nutrient other

»

than nitrogen. Tris (trls(hydroxymethyl) amlnomethan%) was omitted from

the pre~treatment, as this compound ahd glyeylglycine vere found to

-3

[}
interfere with subsequent ammonia analysis. The concentration of

3

nutrients added in the pre-treatment as defined above wzll be@§efexred to

®
hereafter as a fraction of the concentration of Guillard and Ryther's

1
‘ n



(1962) formulation minus’ nitrogen, hence £/40-N vyas the usual pre-

treatment. After pre~treatment the water in the carboy was partitioned

into 1 504 aliquots contained in 2% Erlenmeyer flasks by'siphonlng.

The intake end of the siphon tube was covered with a 100 u pore

size nylon mesh to exclude large partlcies. Nitrogen sdurces were

-

( then &dded to duplicate sets of flasks as demanded by the format of

the experiment. '

- it

The flasks were placed in a Conviron plant growth chamber

v » °

(Controlled Environments Ltd., Winnipeg, Manitoba, Canada) on a 16/8

: 4i§ght/day ¢ycle at 'a light intemsity of 0.03 ly min—l in the photo-
synthetically active region of the spectrum The 1ncubator was set

bic] -
at a temperdture within 2 C° of the in situ vater temperature at the

©
-

sampling station. Betwveen pre-treatment and partitioning the water

was stored briefly in a 10°C cold room, Substrates vere added to the

2
:

- 9
- flasks and the experiment was begun within 4 hours of the time of

collection During this taime the temperature of the bater in the

" ! b }

carboy did not change by more than 2 co. . " %y

Chlorophyll fluorescence was measured at ‘the 10x sensitivity
oF ’

°

) “ I 4,
setting on a Turner Model 111 Fluorometer in 10x75 mﬁacuvettes against

a distilled water blank with Wratten #47B and #2A excitation wave-, -
a
length filters and a Wratten #25 emission filter Nitrate plus nitrite

vas' measured according to, Strickland and Parsons (1968) using nitrate

¢

Al L4
values uncorrected' for nitrite. Ammonia was determined by the phencl-

i
-

hypochlorite method (Solérzano 1971). The amino acids used vwere .
tested and found not to interfere with the ammonia analysis., All glass—

* ware was soaked overnight xn 0.5 N hydrochlorlc acid, rainsed with distilled

@

]
a «
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c \\ﬁ% cermnation -
- water and inverted to diaip. Ammonia determinations for each flask
- r B -~
’ - - . N ¥
. «. ', . were performed. 1n triplicate on unfiltered wafer removed directly
o ) <% ” . A
- ' 2 ~

«s £xom the flasks. Ammonia values in duplicate e%peflmenﬁél flas§f° > -
¢ &

°  were within 0.5 WM when less®than 10 1M and witﬁln 3 UM at levels :
\ - . . 0 ’ S
above this. The relative, fluorescence Values of duplicate flasks

Pl -
- ' 3 ~
q had a maximum range of ten percent? KO .
- a

* - v ..Jf ~ Db ¢

Water for micro-autoradiognaphy’vas collected -and p%e—tfeated
- v - .

. as above excep._that enrichment wasoto.fleféz—‘l\l° Additions of a

» 8 .

°
o 4 o LN

. _mxture of unlabelled and 14C uniformly iabeilede— arginine ot

2 IS .
glutamic acid vere made to triplicate flasks containing 1.50% yater
¢ N .

¢

N

v samples to give 0.10 yM and 5.0.uC1/%. The dark flasks were urapped in

- >

™ aluminum“foil and incubdted with the 1lluminated flasks in-the growth

a
@ o ”

chamber. Twenty-five milliliter aliquots were filtered onto 25 mm
' diameter HA Mllllporfllters at 730 Torrs Just before the filt

- v,

wvas sucked dry the vacuum was shut off and 15 ml. of GF/C fifitered

@

+ A
@

3% v/v of glutaraldehyde was added to the filter) After two minutes

¢ the vacuum was turned om and the solution was drawn through the

. ’b f11rér Tﬁg dampafllters vere 1mmed1;te1y>1ak n through desalting and
séélnlhg uith Erythrosi%hB'(Paeri 1974) after Shlch they ‘vere drléé,

) mountedﬁbn~c1ean glass sides, dipped in emulsm‘p9 exposed, and developed

)

|
according to Brock and Brock (1968). The slides were then examined

} £ IS
)

and photpgraphed on a Ze@éé Photomicroscope IT at 350x using transmigted

9

7 M 4 o - 4
light. Background vas determined opn control filgersvtreated as above
- .

i ‘ except that no 14q lablelled ssubstrate vas added to the water.
i

s

-

a
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.. to correct for quenching and counting efficiency. .
b} b 2 -

®

N i - ¢ 13. =
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Substrate uptake was followed during this experiment by filtering

2

)

« .50 m] aliquots from the flasks at 730 Torr through 25 mm diameter

ep

- a

) - a

N g
HA Mllllgore filters. The*filters were placed 1in scintillation vials and
- L, r

J countéd it 10%0 ml of a~Flubr compésed of 1:1 ¥/v Triton X-100.°

- 4

Y ' s - J0 "
toluene fluog (Pugh 1973). Laiquad scintillation "counting was done 1n
Q.ﬂ

7

fa Packard Trl—Carbueouniar équ}pped with an Absolute Activity Analyzer

" ¥ -
-
N

© . - -

»

) . ' @ ’ o . "‘"" * ’ ¥ - .
- RESULTS,AND DISCUSSION' eu e & N . a
{ 3 Y I ¢ li‘ e « :
Figure 2 shous the results of an experiment. td detérmine the lowest
I3 P

@ e

' .~
substrate addition of arginine that would result in an increase in
2 ° et an <

3
2

ch}broyhyll fluorescence."' Kﬁdlthpé of as little as 0 10 uM o

' hd | A {

L-agginine (0.40 1ig’ at _N/2) were detected vhile additions of 1.0 uM or
s fy . ; A

mare’ produced significant 1p&reases. Chlorophyll.fluorescence increased

r o v §

until limitation by a nutrient other than nitrogen stopped plant growth,

S ’ o .

whach in this experaiment occurred with additions of greater than 5.0 pM.
o ¢ °

’
8

It vas initially thought that the increases an chlorophyll
R <
fluorescence were due to the direct utilization of amino acid nitzogen

v - o

5

by the phytoplankton, however, ammonia was detected in the flasks in

o a s

which chloroghylL*fluoreséénce increased. The release of ;jggg;a from

L-arginine 1s shoun in faigure 3. In order to determine the optaimum pre-

treagment and)épe importance ofﬂthe uptake of ammonia by p%ztoplankton

on the apparent ammonia production, 10.0 uM (40.0 yg-at N/L) of

v @

L-arginine waﬁaadded to experimental flasks which vere enriched with

i~

varying concentrations of the pre-treatment nutrients. One set of
e ‘ .
duplacates was incubated in the dark:and one’ in the laght. It can be
[
AN a

¥ %
a

~oy
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. 0 . )
seen that the ammonia” levell in the flasks varied/inversely with the ‘
& ew ' .

pre-treatment nutrient concentrations; aftef.a nfitrient other than

Vi

nltrogen\bggamg/{i;;tlng to growth the ammonia pptake ceases. Thas

chloride addition control incubated in the light,-but at a reduced rate
/ - &
+

relative to the flasks with L-arginine additions. This control was pre-

.« v
- -

treated to £/80-N, and seems to have been inhibited 1n the’production of

s

- »

@

chlorophyll relative to the flasks with L-arginine additions, This may

e

be due to the low pre-treatmefit nutrient concentrations.
4 £ .

I
Figure 4 shous the chlorophyll fluordscence curves for the same

experiment. These show a direct relationship between fluorescence and

°

AN
level of nutrients in th§ pre—treatgint as vould be expected 1f phyto-

plankton growth was limited by one of the nutrients in the mixture.

a !

By comparaing’ figures 3 and 4 it can be seen that, vith the exception of

(SN 1

J
the control, ammonia productzron preceded any. increases in chlorophyll

'
i

fluoreseénle. This relationship 1s also seen in figure 5 1n whach
flasks with ammonium chloride additions displayed groﬁth approximately
ten hours before flasks'supplled vith D- or L~ arglniqe”or glutamic
acid nitrogén. o'
The dlfferencer{n the 1n?ubat10n.t1me required before ammonia vas
released f;om D~ or L- arginine in figure 6 1s evidence that the
v —_— .

decomposition of arginine was not a physical-chemical process but was

biologically mediated. In another experiment, sea water was filtered

B
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through a sterile 0.22y filter into sterile glasswar%¢592 hafidled with
¥ X

aseptic technique, No ammonia was released (figure 7, "filten "

sterilized"). As the flasks vere incubated an light, thls‘BBservation

-’ Y
also provides evidence that the Qgeakdown of arginine 1g notfa photo-
o N '

<
chemical reaction. : ,
“

A difference i1n the rates of bréékdown of the D-.and 1-
9

enantiomers was observed 1n experiments with arginine. The D-
“ A

enantiomer took longer to begin breaking-doim, but ammonia was feleased
! 7

more rapidly once degradation had commenced This is refleétedﬂln the
s " N

chlorophyll fluorescence clirves of figures 5, 8 and 9, and 1s shoun

directly by the ammonia release Shown in figures 6 and 7 Figures 7

[

and 8 are from the same ¢xperiment and shou that the increase in
= T s

fluorescence 1s accompanied by the release of ammonia. The rate of

uptake of ammonia by the phytoplankton mist have been very“close to .

1ts rate of release im this experiment,as the concentration actually

7
opserved in the water was never very high. In the extreme case, the

o
L]

accumulation of ammonia would not be observed in the system unless
4

’

thé rate of uptake of ammonig by phytoplankton was slowed, or the .

'S

release rate accelerated. The D-enantiomer seemed to upset the balance

betveen the rates of ammonia uptake and release as can be seen 1n figure

7. The ammonia concentration increased rapidly during the break-
-~

doum of the D-enantiomer outstraipping phytoplankton uptake and .

[y

resulting 1n a spike of ammonia vn the water: Thas was soon taken up,
L3

however, by the nt&¥ riapidly grovaing phytoplankion population in the

miffggosm, and 1f no” other nutrient became limiting ammonia would

4

2 v <

o
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2 disappear from ths system. Lamaiting phyggplankton grouth by a nutrient
t G

1 N -

& . other than nitrogen or by performing the expermment ih the dark has

- .
2
& -

the same eﬁfécg (f1g. 3). .- ) )

» T The last evidence thaf bacteria vere responsible for the mineral-
' @ . \o‘ ,;Q

o 4 LT
. seen- 114 figure 10a and b, the radioactive label was 1dt associated |
N ° a N - 4 e

with identifiable phytoplankton. Detrital particles, fecal pellets,

s

a

~ 4 I ’
etc.'were,feén to be labelled 1n figure $0c, .d and e. Occasionally

" )

"

, round particles like that shoun ‘in figure 10f vere 1ébeiledﬂ lThege °
- a ¢ ‘9 L 1
particles were heavily stained with Erythrosin B and regular :in shape/
and si1ze, which suggests that they are euﬁaryotig crells, possibly »
) T

@ i enclosed i1n a muéus sheath, but 1t 1s not’possible to identify them or

- ’
¢ 0 o -

. . to determine wﬁether'they contain chlorophyll or not. They may be
. 4 q‘% ’ ' ° ‘ a ]
colorless flagellates or some other form of obligate heterotroph, but
° . A 3 4
. they are rare in this sample and were probably unimportant in terms of &
b

N o

the cycling of organic nitrogen in this system. The sample from which
the photographs of figure 10 were taKen was exposed to 140 labelled

. L-arginine for eight hours. WMNo differences were observed in the
[)

» i
- o

labeillng patterns between L-glutamic acid an L-arginine or between
the light and dark flasks. The 1§Ee1 was assocrated with large

» * ———
-particles, suggesting that the active bacteria in this systen were also
o v . i
associated with particles. This agrees with the results of Paerl (1974,1q%§)
’ *

for Lake Tahoe and Southern California coastal water. Although there

was'no killed control, the similarity between the labelling patterns for
arginine and glutamate, the linearity of the uptake curve (fig. 11) and

the fact thét the labelling pattern wgs not dgpeudent on the length of
> v
] 1 N ‘?

»

1zation of amino nitrogen comes from micro-autoradiagraphy., ,As can be .
’

Do
(1]
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the ‘1ncubation,. {40 minutes to 12.5‘houréiyzsuggests that the association

@ <@ ~

Iofathealabelow1th the pafticles was not due to simple adsorption, but

® v
Pl Y 3
-

rather ‘to bagterial uptake. ; v
¢ N L q,“‘%\\g . . .
The uptake of the radioactive,amino acids is plotted in figure 11.
[} 4 b ¢
The lﬁéht and" dark upték% ates vere the same for arginine and vere
barely dif%e}epy for glutamic acid, with the light rate being slaghtly~® °

+

)

©

higher than the dark rat@e for this compound . Lfglutamlc acid was taken
- 4

&y

up at about twice the rate of L-arginine The uptake curves for both *

- w ¥ -
compounds are linear (r2=0,99) for the entire expeglment. By the end of the >
i 1 Y

<

12 5 hour incubation period, 11.5% of the“arginine in the water and 22.5% '
of the glutamic acid 1n the water had been removed . There was no

‘noticeable decline in the uptake rate, 1f the added substrate comprised
1 \ Q

the bulk of the substrate in the water} the linearity of the uptake

curves suggests that the half saturation corstant fof{the process is

hd A

less’ than 0 lO‘pM. o
! " @ & ©

CONCLUSIONS ) .o -0 B
Based on the evidence presented above, the primaryssink for L-arginine

and L-glutamate released 1nto the vater column during the summer on thais
Y

A4

station seems to be the bacteria present in éhe wvater. Derenbach and
Williams (1974), Williams (1970) Hobbie et al. (1968), Craw%ord et al.
(1974) , Wright and Hobbie (1966) and Paerl (1974) have obtained simylar

2 ~ [

results with\other substrates in other systems. The nitrogen contained

in these compzhﬁ&S? rapidly returned to the water colump as ammonia, -

<

(fig. 33, The, amount
. ‘ t

& ’
experiment vas 80%)of the hitrogen contained in the added substrate,

ammonia released from L-arginine in this
[

a

e

.
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presumably the remaining 20% was retained %y the bacteria to meet

t

their nitrogen requirements. It 1s not knovn whether or not this
rat1o 1s constant for a giveﬁ substrate, presumably it would bé a

function of the C.N ratio of .the total diet of the bacterial

population. W@lght (1974) has dascussed the release of organically CT

{
< bound nitrogen that should accompany the degradation of aming acidg.

-

A rapid increase ip the rate of degradation of D- and L- arginine

-

&
and glutamic acid took place after lag periods of relatively constéﬁ&:;?\

but .slow rates of degradation (figs. 3, 6 and 7) The duratiom of B

&

H4
“this lag phéfe seems to be different for each of these compounds,

¢

and may be dye to the grouth of a specific nutritional “type of
baq}erla, or due to some physiological change in the existing

population. Williams and Gray (1970) and Vaccaro (1969) obtained

<

]
similar results

with different substrates in their studies.
1

o 3

- i3

o ¥he ammonia released during the degfadatiqn‘bf these compounds ’,

1
-

vas rapidly éakeﬁ'up by the phytoplankton in the communifies. This_

pathway for nitr&¥en regeneration may contribute sagnificantly to

Fy

.

the nitrogen requirements of phytoplankton growth in the communities.

. n

4]
present at thas stakion. .

b
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Section II. Lag Periods and Ammonia Release During the

a

Degradation of'Sey Amino Acids.
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INTRODUCTION '
- y w
b4
It has been demonmstrated (Hobbie «£t al. 1968, Hobbie and .

A

" Crawford 1969, Williams 1970, Section I of this study and others)
LY

Y

~a

o

\ e

[

o

¢ &
" »

that aming acids released in coastal plankton communities are .

L1 N . ¥
rapidly catabolized , For some of these compoungds the améunt of
carbon dioxide released during this process 1s greater than would

. »

be expected from simple decarboxylation reactlonSo@nd,%ndicates°

that they are used as energy sources (Hobbie and Crauford 1969,

Gocke 1976, Williams 1970, Seki et al. 1972). The tuwenty protein :
o u

amino acids have spgll C*N ratios, the highest being.9:1 by atoms o

for phen}lalanine ranging dovmward 36'1,5'1 for arginine. The a

5 ¢ .
C N ratio for plankton 1s in the ramge 3.} to 9-1 (Parsons and

Takahashi 1973, Parsons §£_§¥/fi96l). If 6:1 1s taken as an« .
P .

v

estimate of the C.N ratio in heterqtréphs; 1t follows that a . .
€ A ’

population of heterotrophs metabplizing only amino acids would have s

4 - 3 ‘

to release nitrogen in orderi%o maintain the C.N ratio. The C:N

ratio of t total diet,of the population should beﬁthe actual
)

L]

N + "
determinant of nitrogensrelease. In extreme cases, Thayer (1974) J
] N 3 IS

B ¥ 5
oy

‘?iiﬂfgggest d that hetxzotrophs (possibly, but not necessarily,
bacteria) will compete Elph algae for a nitrogen source when
metaboilzlng compounds with large C:N ratios ”ergHE (1974)

has discussed.nutrient regeneration ‘during the catabolism of organic
(=)

" substrates and remarks upon the lack of data on this phenomenon

‘ o

vhich 1s important in environments with low rates of nutrient input. ’ //(

Data on the release of ammonia during the catabolism of Dy and L-

N
arginine and glutamate wyere presented in Section I. 4 -

n

2 -

L}

°

fa ©
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Plankton communities are currently assumed to functior as multi-

=

component steady state systems éeverne& by Michaelis-Menton kineties

vith respect to the uptake and metabolism of organic substrates

(Wright and Hobbie 1966). Changes in the kinetic parameters arve

rd

attributed to either an increase in the population size or a change

in the taxonomic structure of the population (Jannasch and Mateles
1974, Walliams 1973a, Wright 1974, Wright and Hobbie 1965). Contra=
dictory d#ta have been published (Vaccaro and Jammasch 1966, 1967,
V?cEaro 1969} Hamilton and Preslan 1970, Stumm~Zollanger and Harris
1971, Wllllé@S 1670, Williams and Askewﬁl968), and the validaty of -
the assumption has been questioned by some authors (Williams 1973a,

Thompson, and Hamilton 1973, 1974, Jannasch 1374, Jannasch and

Mateles” 1974) Vaccaro and Jannasch (1967), Vaccaro (1969), Williams

» ¢ . ’

and Gray (1970) have demonsirated that heterotrophic populations are
+ 4

subject to conditioning so that uptake rates increase and the variance
s

o~

{ « {
of rate measurements decreases @fter exposure to a substrateﬂ They
&

o
' . . » -

intexpreted their results as selective. grouth in the ﬁeterotroph 9

pgpulation; however changes in the metabolism of pre-existing
- . . $ ° /

[y

organisms could give rise to the égme results The sigmoid to step

[} «

- 34 - ) #o
functions they cbserved for changes in carbon dioxzde production and

1

[N o 4 Y
substrate uptake rates were observed for ammoﬁi? release in*Sectiom I.
The following experiments wereiperformed te investigate the

- e

8 ° a
relationship betveen molecular structure, C.N ratio, the duration of

v [ ¢ -
a lag preceding a marked increase in the rates of ammdnia release, and

) |

the fraction of nitrogen released as ammonra during the degradgtion of a
3 * i

'

~ i L4
o

§ o

-
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variety of amino acids. The gelease of ammonia vas measured because

w
o

1t 15 of primary interest in nitrogen regeneration. The relative

T v .

duration of the lag preceding the increase in the rate of ammonia release
seemed to be a conservative property of the degradation of these

- g
compounds in the e§§%r1ments performed in SectiontI (figs. 6 and’7),
e °

suggesting a possible physiologlcéf‘rather than taxonomic basis for the

lag. One of the objects of the experiments presemfed here was to see\ ’
= s

’

if rate increases affer a lag are common to the'degradation of all :

o 4 -
amino acids and 1f so toedetermine the relative durations of -these

. @

¢

lags for amind’ acids other than D- and L- arginine dnd glutamate.
< |1 A

MATERTALS AND METHODS ' '

-

©
0 i
)

These experiments vere’ performed during late May and early June

s v
Y

(Y b - v '3 "1
of 1975 Plankton communities were collected as raw seawater samples .

)
at Station A in the outexr portion of Halifax Harbour (fig. 1). ‘
During this period the water column aﬁithls‘staylon vas veakly

stratified, vith a temﬁeratu%e of, 8, to 10°C at the surface and 5 to

>

7°C at the bottom in‘23m of water. The salinity wvas 29 /oo on the
surface and 31 Yoo at the bottom. The major -spring bloom of“phyto~

-
plankton had occurred about a month earlier, but large fluctuations in

¢
I

the standing crop are normally obderved in this area.

-

The wvater was collected, pre~treated, and partitioned as in Section

I. Substrates were added to the flasks to a final concentration of

R ¢
~

10.0 M. Each substrate vas tested in duplaicate; duplicate controls
vith ammonium chloride or L-arginine additions were run with each

experiment. The flasks uvere incubated in a dark cabinet at 10°C. and

~

o
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samples were taken as indicated in the figures

' Stock solutions of substrates were made from reagent grade

a ®)
chemicals dissolved in distilled water pa{ssed through a Mlllipor

. 0

Shper Q deionizing unit. Stock solutions were 10.0 mM and vere

prepared for each experiment except for the L-arginine stock

o

solution which was filter sterailized and stored at -20°C in a
sterile serum bottle. Analytical metﬁbds were as described im

Section I ‘

RESULTS

F] ¥

The results are presented in figures 12-14. Descriptive o

parameters derived from the data presented i1n the graphs are

. t
compiled in Tables I and II  The maximum rate of ammonza pxro-

aq
duction was derived from the segment of a given curve;having the

A . jlt ’/
maximum slope. This parameter is sensitive to the sampling /
interval and 1s probably alvays an underestimate. The lag period

4]
1s taken as the time from the addition of the substrate to the

2

beginning of the segment of maximum slope. This parameter is much

4

o’ o
less sensitive to the length of the sampling lntervalﬂfhan 1s the

°
3

maximum rate of decomposition.

4 q

The percentage yield, or regenérationratio, is calculated from
2 q

the ratio of nitrogen released as ammonaa to that sﬁpplied as amino,

acid nitrogen. This ratio is a function of two Garlables; the toﬁél

P4
L3

amount of the amino acid taken up, and the proportion of_ the nitrogen

2 ! '

ass1m1£ated by the cells. Amino acid Pptaké“Systemé have been

* ¢

o~
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t
a

° \
observed to operate at quite loy substrate concentrations, (<1 0 uM;
N d \

¢ Jannascﬁ and” Mateles 1974, Hobbie and Cravford 1969, Hobbie'et al.
1968, Section I, and others),,so 1t is assumed that all of the

substrates added in these experiments were taken up and that the

s

amount of ammonia released depends only on nitrogen assimilation by

the cells. Yields were calculated from the maximum concentrations
of ammonia observed in the piateau region of the curves $hese
a - Q

£
plateaus represent an equilibrium condition that was stable for 72

A}
:

hours 1n an experiment with L-arginine (fig. 3). The 'yields are not -

-*

9
corrected for changes in the ammonia concentration of the ammonium .
¢ I
chloride control as these were in general slight and probably due

4 ~

to atmospheric contamination, or ammonia release accompanying the [

degradation of organic nitrogen present in the water at the time of -

collection (figs 13 and 14) or to uptake by the plankton (fig. 12).

Tests for nitrate plus nitrite and urea (Strickland and Parsons 1968)
in the flasks during decomposition of L-arginine were negative. It .
1s likely that the catabolism of L-lysine and L-tryptophan had not

gone to completion when their yield values were calculated. y
1] -
The valuef observed for these parameters vary from experiment
-

to experiment for the L-arginine cqontrol. These differences may be
1 unﬂ

due to differences in the chemical and biological conditions of the
, environment when the sample was Co:;;?ted‘ Beéause of the temporal

<
variation, direct comparisong betveén parameters can be.made only

&

/
for substrates an tHe same/experlment. Comparisons of parameters
v .

betueen experiments should only be made between ratios of the parameter

e -
3 3 v v

o &
. ( '
) ' I

A8

°@
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to the respective value for the L-arginine control of the same

experiment.

DISCUSSION 4 . .

Some of the substrates tested were not observed to be degraded

during the experiment. They may not have been taken up appreciably

by the hetrotrophs during this period. Alfernatlvely these compounds

may have had lag periods preceding the increase in the rate of

ammonia release vgléh vere longer than the duration of the experiment.
?

o

This is suggested by the long lags shown by Llly51ne and L-trytophan
degradation (fig 12). In another experiment with a late summer

community 1ncubated at_15°Cy L-lysine was taken up and degraded after .

Ta

a 72 hour lag and L-leucane wvas degrgded only after a 96 hour lag.

The length of the lag period for L-arginine was found to have a ?Qlo" ‘
Y N V

-

of approximately 3.0. All of the compounds that were degraded -

. displayed an increase in the rate of ammonia release after a lag

«

period. ‘The length of the lag varied considerably between compounds,

aa%dld the initial rates of .-ammonia release. It 1s interesting that

a

urea was not degraded to ammonia in these experiments. Mitamura and

q

Saijo (1975)? Carpenter et al. (1972) and McCarthy (personal

communication) also found that urea was not: degraded to any extent

L}

by marine heterotrophs. Its low energy yleldaper molecule

£4

transported would make 1t a poor energy:.source for heterotrophs. This: -

factor may be important in explaining the high concentrations of this
Y

a

. compgund observed relative to amino acids in the vater column .

(McCarthy 1972, Carpenter et al. 1972, Pocklaington 1971). ¢ o
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With the exception &f taurine, the'amypo acid analdgues tested

- L) ) \
were not degraded. Taurine occurs abundantly i1n marine plankton
(Cowey and Corner 1963a, b, Jeffries 1969). The other analogues

do not occur. nafurally sd that heterotrophs would not be °
b o g M v
expected to have evolved biochemicaly pathwvays for their util- ,

.

9 ° N
i1zation exeept by accident ot because of structural resemblance to

= 4

compounds_ for vhaich catabolic pathvays exast. Until uptake 1s

[ v

measured directly, the possibility that the analogues wvere taken
' & S b4

up but not degraded cannot bé ruled out.

s

There seems. to be no-obvious correlation between the molecular

structure of an amino acid and the Iength of time preceding the

@ © °

increase 1n the rate of ammorria releasey, The lag period may be

related in a very general wayj:o the ease of entry of the carbon

«©1
e P4 R

ule into the Krebs cycle, but to

skeleton of a transported mol
. ]

2

retained theilr relationships to one another 2&ven vhen the actual

value for the ation had changed. Variations in the physiological

state of the heterd{rophs could change the dq;aflbn of the lag period

~
!

wvithout affecting the'sequence of the lag periods observed vhen

“
o A

several substrates are compared. >

Y 1

The amount of ammonia released ddrlng the degradation of these

S ]
substrates bears little relation to the C:N ratio of the substrate.
»

This suggests that the fraction of nitrogen released i1s determined

bléchemlcally by the catabolic pathways by which the substrates are

’ -

degraded A reasonable estimate of the fraction of nitrogen fhat



a

Y
v

would be regenerated as ammonia accompanying the mineralization of

)

a mixture of amino acids 1s 80%. This ratio will vary as a |,

°

functiod of the substrate mixture and vith as yet unknoun -

gnvironmental-factors (compare the ng}glnine curves and yields 1n
figures 12, 13 and 14 which are from experiments performed 1n

consecutive weeks). The C-N ratio of the total diet of the hetero- !
~ ) . -

trophs may also be a factor.
% N

The average nitrggen regeneration yatio of.80% is much highex

e o

than carbon fespiration ratios weported for these same substrates

(Gékke 1976, Seki et al. 1972, Williams 1970, Hobbile and Crawford

! ' *

1969), which averaged around 30%. Gocke (1976), Wright (1974), and
o M s
Williams (1973b) réport a slight increase an j?rbon respiration - -

< . ¢
ratios with increasing substrate concentrations, but the increases

they observe-cannot accoudt for the 2.7 §bld differences bétween
& r

3 [N

°
their carbon and my nitrogen regeneration ratios. Hobbie and

i o
Cravford (1969) observed no change in the respiration ratio of o

aspartic acid supplied at concentrations ranging from 44 to 175 ug/%.

¢
)

The difference in the.carbon respiration and nitrogen regeneration
4 2 -

)

rat1os may be due to the fact that the carbon respiration ratios are °

-
,

not equilibrium measurements as are the nitrogen regeneration ratios I

- ) - P’
have reported. If we assume, for the moment, an average C-N ratic®of

- »

4:1 for an amino acid mixture, and if we take 25 and 50% as the ’

range of carbon respiration ratios from Hobbie and Crawford (1969),

©

3

,and 807 as a nitrogen regeneration ratio from my data, them amino

‘ Y
° [
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t
acid carbon and nitrogen would be incorporated into particulate. , °

¢ 3
PR ¢

matter by heterotrophs in a final ratio of 10:1 to 15:1 1f they
0 [}

L4 “

13

+

are growing on the amingo acid mixture alone. These ratios dre o

somewhat higher than the values reported for plankton, (3.1 to’

- 3 -~ a

9.1, Parsons and Takahask£‘1973, Parsons et al 1961). If the

carbon dioxide releasé& during‘Hobble and Crawford's (1969)

v 3

measurenents were primarily due to decarboxylation reactions 1n

-

the 1nitial steps of catabolism which produce little energy,

subsequent respi}abQon would increase the fraction of carbon

"

released as carbon dioxide. Changing the respiration ratio to

75 or 80% with an 807% nitrogen regeferation ratio gives C°N .

incorporation values of 4+1 to 5 . Changing the nitrogen

[

regeneration ratio to 50% and using Hobbie &nd Crawford's values N
for the respiration ratio gives incorporation ratios of 4°1 ‘to

6°1. Clearly, experiments such as those of Hamilton and Austin .

L4

(1967) and Wang et al (;958): and the concurrent measuremept of .

L

vt

carbon dioxide and ammonia release accompanying the degradation

of amino acids are needed to resolve the apparent contradiction

]
4

between carbon and nitrogen metabolism in heterotrophic populations.

'
3

CONCLUSIONS .

This work demonstrates that other amino acids display the same
kinetics for degradation as L-arginine. The durations of the lag
periods preceding increases in the rate of ammonia release seem to

be functions of the way the molecules are metabolized by the

28
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heterotrpphs. The fraction of nitrogen reléased as ammonia during

the degradation of the amino acids tested also varied from compound

v

e 14
to compound, but wag not related*’to the C:N ratio of the compound .

\) r o

&
The nitrogen regeneratiom ratio >f L-arginine varied from experiment

> 8

to experlment, presumably in respomnse tnO Changes lq environmental
! . - T

factors, while the duration of the lag remained fairly constant. The

regengration ratiq rapged from 60 to 85%. The other amino acids .

examined in this ‘study had values in thas réﬁge or higher, 80% 1s a

weasonabde mean value for the amino acids studied here. Because of

the variabilaity of the nitrogen regeneration ratio compared to the

\ t ' . 4
lag time, the duration of the lag to the increase in the rate of

.
°
°

degradation .can be prédicted more accurately than the naitrogen

- a

regeneration ratio fbr-a given amino acid. .

“«
-



SECTION III

L

Metabolic Adaptatloﬁ in Natural Bacterial

(]

Populat:_ln.ons Supplemented with Selected Amino Acids.
L

[4

o

N
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o o 31.

Section I demonstrated that .the primary pathway for the

i
& < a a

recycling of amino acid nmitrogen at.a station in outer Halifax
Harbour was via gﬁe bacterial degradation of those compounds
resulting 1n the release of their nitrogen as ammonia. This
supgleme ts“the findings of%many vorkérs (Hobbie, et al. 1968,

Andrgws and°Williams 1971, Derenbach and Willaams 1974, Williams <

1ams and Askew 1968 and others) by providing direct

for nu;;lent“regeneration as discussed 1in Wraight (1974).

v * e

It differs Yrom the results of Sehell (1974) vho reported the y

direct utilaizagion of amino acid hitrogen by phytoplankton in

Auke Bay, Alaska. o

o

Al
f

The kinetics of ammonia release observed in Section I and IT

Y

differed from the linear, (or/ZLOg9 1f grouth vere involved), curves
that would be expected from a steady, state system controlled by

Michaelas-Menton kinetics (Wright and Hobbie 1966, Williams 1973a)

A lag period was followed by a markad increase in the rate of

release of nitrogen froi the amino acid supplxéd. The length of,

the lag time, rate of release,and percentage yield bfqammonla

4

varied vith the amino acid supplied and with water conditions, °*

(figs. 3, 6, 12, 13, 14). .

Plgusible explanations of these observations include the growth
of a small, metabolically active population of heterotrophs into a

population large enough to account for the observed rate of ammonia

.

'
« €

o,

k]

[
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- ¢ -
o

release. The grouth may be 1n response to the added substrate or' -

-

may be a "wall effect" resulting,from enclosure of the,population
« i

in the experimental vessel, as discussed by Zobell and Anderson o

) L s

. N o
(1936) In this interpretation, the lag period and pulse of

-
¥

ammonia would be artifacts of the experimental design. The lag .

period would be only an apparent lag as the rate of ammonia rel%?sq‘
+

v , .

+ » during Ehg early stages of population géowth would be ‘too low to be
detected. Williams and Grayl(1970), Williams (1970), Vdccaro (l969§,
- Vaécarq anQ Jannasch (196V) have treated this problem 1n some depth.
Anothe£ plaus1£1e explanation, also treated by tPe above authors,
and mentioned by Paerl (1974), Hobbie et al (1972) and others, is . "
: based on metabolic adaptation or activation in the popul{tlon

' \ stimulated by the presence of the substrate In this model the

) “ " -

&
bacteria revert to a dermant stateln times of nutritional stress.

The fraction of the population that 1s active or dormant would depend

. a ° i ;2
. on the nutritional history of the population and hence will Vary

t . M
. ‘ spatially and tediporally in a given body of water, (Gardner and Lee

o

1975, Tanaka et al. 1974, Jannasci 1974, Jannasch and Mateles 1974,

IS
' Q
-
' °

: Bell et al. 1974, Andreus and Williams 1971, Paerl 1974, 1975,

Droop” and Elson 1966). The substrate concentrations causing the

L3 " o 3

bacteria to revért from dormancy to activity will determine the ‘spatial

and temporal scale of bacterial activity, however, behavioral

y
A

, responses to the presence of a substrate (Bell "and Mitchell 1972,

}/

’ Adler 1969, Droop and Elson 1966, Paerl 1974, 1975), could modpfy ,

1
é nodeT of bacterial activity based strietly on bulk vater substrate
4 ! '

A\l3

<&
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concentrations. ‘ {

P4

The experiments discussed an this section were performed:to
t
gain 1nformation on the mechanism giving rise to the observed

kineticey of ammonia r%lease It vas hoped that additional
!

» 1

information would allov ong to assess the relative values of the two )
s Py o

: proposed models or to point out the need for another alternative.

A ‘
’

£
Other objectpves vere to obtain empirical information of pr?dlctlve .

’
b r

value applicable to substrate degradation in mixed natural

’

-

communities and to investigate the effects of physical factors such
A ¢
as temperature and light on the kinetice of amino acid degradation
! *

MATERIALS AND METHODS oo ‘ i

L} -~

3 -
L3

*“The populations used 1n this study were collected from Station,
A during September and October of 1975. The water column during

' ! o [
the September experiments was stratified; surface temperatures

o ‘

vere 1n the vicinity of the seasonal high of 16°C. A series of .

j
early fall storms eroded the thermocline, the.surface temperature

dropped rapidly to 10°C during the last veek of September and

remained at that temperiture during the October experiments.
&
Q@
Water samples vere collected, pre~treated and partitioned into
. ' @

"the experimental vessels as in Section.I. Substrates were added .
. to the flasks vhich were then placed in a dark incubator whose

temperature vas within 1 C° of the in situ temperature at the time

lsﬂ . » N
of collection. T c o S,

Substrate stocks were prepared from reagent grade chemicals as
4 L]
' [

» -




- frozen at -15%°C 1n sterile serum bottles.
4 3

a ~ 4

- »

! ' 34.

a

10.0/3M solutions 1n deidnized dystilled vater. The solutions were
-t & o

\ H a ot ?n

. s
Substrate additions to

LY

. the flasks were made by|pipet or sterilefsyrimge. Final substrate-
a
. . .
a ¥ I
concentrations vere 10.0 uM of eaqh\substgat% added to a given
llo\ ’

\ k1

experimental flask unless otheruvise nodted. . nﬁa

» . ¢

Lincomycin-HC1l and erythromycim gluceptate (Ilotycin gluceptate)

2

14 1 #
wvere produced by UpJohn Canad4 Ltd. and El1'Lilly Canada Ltd.%
13 ’

/ " ' 3
respectively and were obtainéd from‘a local phdrmaceutical distributor

®

as pure comfpounds. Cycébhexlmlde vas obtained from Sigma.

"

I3

Ammonia was deterpined as in Section L.., Amino acids vere
- (4
\ «

determined as primary amines by a techniqie similar to that of North

- .
. e » ¢

&

, (1975) developed by R. Zika of this depq;iﬁent. Fluorescamine was

.

W .
purchased under the trade name Fluram frod Roche Diagnostiecs. A

4

N ‘
vorking solution of 100 mg/500 ml was made up in spectranalyzed grade
o > 9

[

1 g ' e
acetoné freshly distilled from anhydrous cuprig s 1fate~ The reaction

t i‘l

took place at room temperature'at a pit of 9.4.~ Hull details of the
. 7 f

\techélque 1ncludihg a modification that ﬂiﬁﬁqﬁ% the detection of

o
v

primary amines at.0l UM can be obtained from R. Zika. Flubdrescence of
the derivative was measured at 25°C on a’Aminco SPF 125 spectroflgpro-
2

|
meter equipped with a'constant temperature Jhcket for the sample

chamber. The excitation and emission Qavelengths vere adlusted for
> A1

y maximum response at the beginning of each run and vere azound 395 and

1

495 nm respectively. . .

ATP was'det?rmlhed by the method of Holm-Hansen and Booth (1966)

¢ ®
B

0

v
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» on samples 'collected on Reeve-Angel 984H glass fiber ultrafilters

(nominal pore size 0.1 p). Samples vere counted on a JRB 2000 Aff-

phq}om?ter. o .
'The dl;trlbuhl:n of Ehe amino acid carbo; during degradation

tras followed in one efpezlﬁbnt using 14C uniformly labelled substrates.

a

Fifty mlllillter'samples were withdraun from tlie experimental vessels

[N

and filtered through glass fiber uItrq%}lters. The filtrate wvas

)
- v

)
A acidified and scrubbed for at least 20 minutes with nitrogen gas and

the carbon dioxide collected by passing the gas through‘5 ml of 1.00 N

3

sodium hydroxide. After scruﬁblng, a 1.00 ml aliquot of the faltrate .

vas placed in scintillation vial. 0 50 m¥. of the sodium hydroxide

“ﬂ
solution was placed 1n a scintillation vial and 0.40 nl of 1.00 N

%

2 iydrochlorlc acid added to facilitate solution in the fluor. The
% o ) " ’ !
filter was alsp “placed in a vial and 10 ml of °4 fluor cgmposed of

@

1.1 v/v Traton X-100:toluene fIuor was added (Pugh 1973). Samples s
! ) - \ Qol

were capped, shéken, alloved to equilibrate 1m: the sample belt, and
. A

o
o N I O

counted 1n a Packard Tri-Carb Liquid Scintillation Couﬁter equipped

'

® o

tomatic, Actavity Analyzer to correct for queﬁching”and .

.

with an

'/ K
couptlnguefflc y. The trapping and counélng system for the carbon

dioxide was from 80 to 907% effierent as described (seé Add;ndum). -{ .

o X
I3

Substrate carry?ver in the damp filters was ﬁegllglble as determined

L3

by a double fllﬁer technique. Radiochemicals were purchased as .

-

*  chromatographically pure uniformly qu labelled L-isomers from'New .

o v n >

England Nuclear| Canada, Ltd.. These were mixed with carrier L- amino ' ‘

t )
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"acids {Sigma) “to give specific activities of 1.9, 1.3 and 1.0

4
¥C1/v mole for L~-arginine, L-lysine and L-leucine respectively.

N i
The experiments wer% set up so that each treatment was . *

. S

duplicated. The ammonia concéntration vas determined In
triplicate samples from each of the duplicate flasks; amino acid
determinations vere in duplicate or triplicate. Usually 1.50 &

e )
Qof’ray seavater contained in a 2% flask vas used for each treatment,

Al

,’750 ml of water in 1.0 & flasks were used&%or the temperature and

o ﬁ:% o ] o

light exﬁerlpents. Dugllcate flasks wvere withan tO:SuM for

N . ¥
N L]

ammonla concentradtions to 10 M, and.* 2 uyM for ammonia concentrations

1

- \
above this. Arginine concentrations measured in duplicate flasks

°

were within £ 0.2 il s
. \ - ,
RESULTS o ©

y Accelerated microbial activity 1s frequently reported when rav

seavater 1s placed 1in an enclgsure, (Zobell and Anderson 1936).

This "bottle effect” 1s sometimes attributed to the proximity of the

valls of the vessel and increased surface area for bacterial grouth.
% A [3 :

It has also been attributed to changes in the fluxes of dissolved

it -

gases, solutes, or particulate matter related to the disruption of

&y

a steady state flou—through system by placing it in an enclosure.
If°the effect was important in these experiments and vas related to
the presence of a glass surface, then changing the amount of the

syrfave area should gffécf the k1net1c545; uptake of an added substrate.

¢

Specifically, the lag preceding the increase in uptake rates should
. | ,
decrease and the rate of uptake should increase uhen the

g



) \ - &

; surface/volume ratio increases., Figure 15 shows tye results, of such *+ .

«

" r's )
an experiment. No significant difference was observed in the kinetics

of the disappearance of L-arginine from the medium 1n flasks of

M

different surfacé to volume ratios, (0.7, 0.5 and 0.3‘cm_L for 500,
1000, ané 2000 ml flasks contaaning 400, 750, and 1500 ml of water

‘ respectively and treating the flasks as cones) The 20 2 carboy/p

(surijigyvolume ratio =0 15 cmfl) had a longer lag-time than the
flfﬁls 1f times to“%O% substrate depletion are compared, hovever the

carboy was not ‘removed from the incubator for sampling as vere the
- l‘ ~ s 7 ,a " o ’
flasks. In addation,the temperature anside the incubator briefly,

b ,

1 3
rose a feu degreés when the door was opened for sampling. These .
[ - ‘ o
v ' s 7 IS
facts, and the greater thermal inertia ‘of the large volume of water- .

and glass in the carboy relative to the flégks, meant that the wata@; .
a ' -

s 1n the carboy was incubated at a lover temperature, on the average,
v
» than the water in the flasks. The duration of the lag for L-arginine

v , was subsequently observed to be strongly temperature’dependent

i

ow

_ (f1gs. 27, 28). / S , .

» -
.

Increasing the length of time that the vater is im the bottle :
oy before the substrate 1s added should increase bacterial activity,
» ' o o ! -
Y numbers of bacteraa, and substrate degradation-rates 1f the bottle
(5]

effect wvas important in these experiments, IQe lag preceding thg‘y
increase in the rates of uptake or degradation of an'added substrate

should decrease as the length 5f time an the bottle before the sub-

strate 1s added increases. Figure 16 shous that the lag for /

L-arginine decomposition increased slaghtly, and the maximum ratg of
i 8
b
1. f ° 1

: 8 .

.
o4 0 i 4 v ¢ 4
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a
3

ammonia release decreased slightly, with increasing pre-incubation
time 1n the flasks in the absence of added substrate. '
L™

, Figure 17a shows the decrease in concentration of L-arginine, \

)

>

|, L-lysine aidd L-leucine 1in ékﬁfrimentay°flasks withftime These o

A -
*, compounds were chosen because they had displayed distinctly and

I ¢ .

repeatedly different Minetics for ammonia release in earlier | |

N
&
e .

‘experiments. Figure 17b glveé the ammonia release curves, figure
. b

s

B

’ r ’ e a

17c the ATP concentratlons in tHe flasks, and figures 17d, e and f

n B4l - .
the 4C dpstribution curves for this experiment. The slight rnmitzal

'

uptake of the substrates i1s shown most clearly in tﬁE/LAC yptéﬁé

P . N ’
L. curves. Ammonia release, carbon dioxid¢/ release and amino acid
)
o

uptake with ﬁ-argznlne and L-lysine additions all proceed af an
P q ‘ -

o

| . incréased rate afiter an initial lag perloa. The laé period 1s of
3

¢ #
¢ * approximately the same length for all of tHese processes for a given

«

o . e N
subStrate. The addition of‘§7ar81nlne and possibly L-lysine resulted 7
“ B ~

b

4

[ 1n a transitory increase in the ATP concentration occurring at the »
2 » » 1} ] . ’ Z

‘ , same time as or just following the increase in degradation ratesng

a
° = v &

o
7
. The decrease in amino acid concentrations ‘proceded at a constant

4
’ °

. 5
rate until a basal level not diffexenty from a "no add}tlons" control

s v

ere is no obvious reason fors”

4 - (s
“ or the seatfater blank 1s reached;

& ¢

the variability of the L-lkuc filtrate 14& activity curve; thg .

’ a o o
drop in concentration indicated by fluorescamine is not veflected in

- * Vs i
/_\L
the other curves becausé this point vas taken aftdr the lasf points

> for the other determinaffions (see Addendum). °

v

Figure 18 presents the results of tvo experiments on the effect
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of inhibators of protein synthesis on the kinetics of the uptake of

\
L-arginine. Erythromycin-is fairly specific for Gram-positive: bacteria,

Lincomycin affects both Gram-positive and negative bacteria. Cyclohexaimide

L *

affects eukaryotic organiems. All act at the level of tramslation, they .

-

block the eloﬂgatlon of a growing peptide chdin by binding irreversibly
to the mRNA-ribosome-~peptide complex (Caskey 1973). Fagure 18 shous
that lincomycin at high concentrations somevhat lengthened the lag

Y 4 [
and slowed the ratejff\L—argln{ne uptake, however, it did.not
p

o

lock the increase of the {fptake rate as did erythromycin. Cyclo-

o
v a ‘

eximide had s no effect on the uptake of L~arginine. It 1is possible A

a

at the lack of an effect for lincomycin and cycloheximide 1s dge ta

depomposition of the substrates in the medium, however the fact that the
®

ame/kinetics were observed for L-arginine uptake 1n the presence of

[

4(th%se compounds at concentrations differing by an order of magnitude

< s

suggests that this i1s not the case. ~ v .

o ”

The I§Suhts of an 1nveéstaigation into the uptalke of ﬁ— and L-
arginime are enlightening at this point. Table III shows that 1f the

« population is adapted to use D-arginine and then presented with the

- 4

L-enantiomer, the latter compound 1s taken up rapidly with no lag. If '
LI [] v
the population is adapted to use L-drginine and then presented with
!

the D-enantiomer, rapid uptake commences only after a ldg time of 12-18
< \ L ° I
hours, equal in duration within:experimental error to the differences

between the “lags preceding thellﬂcregse in uptake rates for the 1somers

®
o *

, commencing uith, uhconditioned populations (fig. 19). If eryfhromycin is
& h \

added at an iphibiting concentration to the L-induced system, no uptake

- 5

Rl i -~
° & '

a
> o

[



of the D-enantiomer 1s observed; however, the L- form 1s taken up

a

as usual. If the shme experiment is performed vwith the D- induced
system both .1somérs are removed from the vater. These results
. would be expected if one postulated the induction of a racemase,

, the activity of whach preceded that of an L- specific permease systeﬁ.
&
. ~ Q0
v The results of the preceding expérlments indicate that protein

synthesis 1s necegsary for metabolic adaptation in the populations
'

" studied. This adaptation seems to 1nvolve both uptake and cgtabollc

A
enzymes, although the induction of a permease system is sufficient

Y

to explain these results. If such an enzyme 18 in d ) then after

I3

oo 1
concentration and hengf 1ts acgivity should decline ghrough normal

o
-

-~

protein turnover. If should then be possible to ré-induce the

2 -

7
. enzyme by the additibn of more substrate. This result was obtained
. 9
when the appropriate-experiment was performed (fig. 20). A bacterial
b
population in a carboy of raw seawater was adapted to use L-arginine

1 °+

and then’assayed for the abality to remove L—arglnihe from the water

. i
thereafter. A decline in thlslactlvity took place over 6 days. After

. | the activity had disappeared (determined as no uptake of a 10 uM -

1
M 7

addition of ‘L-arginine after 4 hours) two 1.50 lual;qaémgi:here vith-

I3
+

draun from the carboy.\‘L One was supplemented with L-arginine while the
other served as a control. Activity returned to the supplehented

1

aliquot afterx l% hburs, a significangly shorter lag than the znitial
‘ 3 3

1§g, suggesting that a portion of the enzyme system or 1ts precursors

<

g -
vere still pxﬁéent, !

2
¥
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What concentration of amino acid must be present to stimulate

v

metabollg}adaptation7 In one experiment L-arginine yas added to

rav seawvater to give initial concentrations of 10.0, 5.00 and 1.00 uM.
A marked increase in the uptake rate follqw1ng a lag was observed at

|
10.0 and 5.00 uM and is suggested by-the shape of the curve for the

v

1.00 uM flasks (figure 21). 1In other experlmentso(Sectibn I) the

N\
lag and increase is observed with L-arginine additions of 0.5 ‘and 1.0
\S v

-

UM when increased chlorophyll fluorescence 1s used to indicate the

o

production of ammonia. '

Ah invgstigation was made into the utilization pattern vhen the ) N

"

poplilation isxpresented with more than one amino acid simultaneously.
The results are shownvlﬁ figure 22. Concurrent uptake of L-arginine
and L-orthinine or L-arginine' and L-lysine was observed vhen the pairs
of compounds were added to éhenexperlmental vessels Diaux1c°upthke

of the compounds was not observed. These results are consistent with

g, "

the uptake system specificities shoun in Table IV for L-arginine

»

o

¢

L~orthinine but not for L—%ysine + L-arginine.

The decreased lag period for L-lysine uptake in the presence\af
L—arglnlqe 1s similar to results obtained with L-arginine in the
presence of other\organlE compounds. Figure 23 shous the effect of
additions ‘o¥ D-glucosé, glycolate, and glutarate on the degradaglon
of L-arginine. The addition of gluhose greatly reduced th? lag for
the release of ammonia from L-arginine. G{ycolate and glutarate had

<

no observable effect on L-arginine catabolism.

-~
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Figure 244 shous the effect of some intermediates of major

<

metabolic pathways on the -uptake of L-arginine, and Figure 24b

shous their effects on L~arginine catabolism. D—glgcose, citrate,

succinate, and succinate plus acetate all shorten the lag period

%
¢

A
preceding the increase in the rates of L-arginine uptake and

catabolism Acetate'alone shortens the lag period slaightly.

3

Acetate added with succinate further decreasés the already shortened

»

lag for L-arginine uptake in the presence of succinate alone. There

15/ no significant difference between the ammonia yields an flasks

-

with added organic coﬁpounds. The experiment was terminated before

-y N
P

uptake and catabolism had ceased in the flasks waith no additions

“
and with ogly acetate added. A comparison of the times required forx
14 s

50% of the’L-arginine to be taken up and 50% of the final yield of

0 o

ammonia to be released provides a good demonstration of the :
N

synghrony of these two processes.

)

An, 1nvestigation was made 1htd the effect of,changing the C.N

4 »
rat1o of a mixture’of substrates on the.uptake and catabolism of

0 - * o

L~arginine. D-glucose wvas added to flasks containing 10.0 uM
L~arginine to give glucose concentrations of 0.0, 10.0 or 50.0 uM.

)
These results are given in Figure 25. Glucose at 10.0 pﬁ“ﬁéifeased

8 »

the lag preceding the increase in the rate of uptake of L-arginine

°

by 10 hours, however, no further detrease in the lag time vas

observed with the addation of more glucose. This agrees waith the

results oﬁiained when substrates with different amounts of carbon
i

and energy per molecule were added to a constant concentration

as demonstrated in Figures 23 and 24. A decréase in the total amount

‘ ¢

a
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of L-arginine taken up was observed in the presence of 50.0 puM glucose.
This repression shous up during the latter stages of uptake and in the

, .

equilibrium condition reached after 48 hours. In gontrast, L-arginine

was taken up to the same extent an the presence of 10 0 WM glucose
k4

_as when L-arginine alone was supplied The differences are also .

reflected 1n the ammonia values at equilibrium, taken at 84 hours :

(Table V).

The results presented 1n Table V are calculated on the assumption :
that a constant fraction of the total carbon taken up 1s respired.

If the fraction of substrate carbon respired inereased with increasing

o ¢

substrate concentration as suggested by Wright (1974), the C:N ratio

»

of incorporation 'could be constant.
AN

-

An experiment was performed to determine vhether the presence of

nitrate or ammonia had an eéfect on the degradation and release og&i§§’ﬂ\~ﬁ

«
7

%ammonia from L-arginine (fig. 26). The equaildbrium concentration of

4

%jp—arglnlne nitrogen appearing as ammonia is the same 1n all treatments,

and the duration of the lag preceding the increase in the uptake rate
15 the samg for the control and L-arginine in the presence of ammonia.

Due to the more rapid rate of degradation in the period between 32 and
. .

45 hours,‘the lag taime preceding the increase-in the rate of degradation

of L-arginine in the presence of nitrate appears to be about 4 hours
Y
shorter as estimated by the time to 50% ammonla\zfeld; however, this is

probably not significant

1

The experiments presenged above have aimed primarily .at understanding
7

the physiological basis for the observed curves. The data on decreased



. A

>

fag periods assocrated with,the simultaneous addition of %ore than
one substrate, and the decrease in the lag following reactivation
(figs. 20, 23 and-24) are applicable to an understanding of the
?cgizgy of the bacterioplankton. The following experiments.provide
data which will be useful 1n any attempt to formulate a predictive ’
! N

model of bacterial aht1v1ty based upon the results of the experiments

on physioclogy.

°

.

The effects of laght and temperature on the length of the lag
pericd for L-arginine uptake are shoynjln figure 27. "There 1s no
51gn1f1ca;t difference between L-arginine uptake in the da;%ened
flasks and those placed in the light (0.01 langley m1n~1°1n the
photosynthetically active portion of the spectrum). Thas agreés with
results obtained in earlier experiments on ammonia production where
1t was observed that the only effect of laght was to stimulate phyto-
plankton grouth vhich removed ammonia from the vatey making 1t

diffacult to accurately determine the zelease,@i When

limitatron by a nutrient other than nitrogen prevented Mhytoplankton
growth, the ammonia release curves were the same in bothddark and light
flasks (Section I, figs. 3 and 4).

Water temperature exerts a sﬁggig effect o; the duration of the
lag preceding the increase in uptake'rate. The slope of the line
relating the t?mes for the disappearance of 507 of the substrate (a
measure of the lag time) to temperature (fig. 27) 1s approximately

' value of 3.0. The maximum uptake rate

-

3
-5/hr./C° &aglv1ng a “Qld
increases in a similar fashion; however, due to the frequency of
p -

e
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4

45,

sampling 1t 1s impossible to estimate this parameter accurately

A
, ‘\. i (‘“ *
from this data. A repeat of this experiment over the temperature

range 3° to 25°C (see Addendum) gave a slope of —3.9 hr/C° and a .

o

" " .
Qlo of 2.4 b s N

The experiment which provided the data for figure 27 was -

performed with water collected from Station A on 25 September.

E<) o o
Figure 28 presents dapa from experiments run under cbmparable . s
»J

experimental qpndftlons (Station A, dark, £/40-N pre-treatment, -
1.50 % of water 1n 2 & flasks, L-arginine at 10 0 uM), run at the

in situ temperatureqat different times of the year. Most of the
7 * .
experaiments vere performed in the early summer and early f£all,

hence the clustering of points at the high éﬁd Tow ends of the
- a / 4 - {:'\’
temperature scale. The slope of the regression line is -5.7¢

hr./C° with r2 = 0.96, and agrees well with the temperathire dependent
regression obtained by incubating sub-samples of one vater sample at .
| .

different temperatures.

These data indicate that at this station the water temperature

1s probably the primary factor which determines the length of the
N -

adaptation lag for the uptake of a given substrate. Over broader

geographical areas, temperature is not the only amportant controlling
i

- -

factor, as is suggested by the experiments with Sargasso Sea vater

shoun 1n Figure 29 Despite ‘the warm temperature (23%.for the

experiment shoun in Figure 29a and 21V for tlosein 29b), there was a

pronounced lag period in the kinetics pf the degradation pf L-argznine
- ' . < » -

and L-glutamate. Variation 1in bacteriai’%gylvity and she dlration of

i
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- ’
A

the lag periods takes place OVQr'mudp shorter distances as well, o
- H

Figure 30 gives the results of uptake experiments performed with v
X 3

vater taken from various areas of Halifax Harbour. * Statiom B wvas °

1

near a or sewer outfall off Herring Cove, Station C was offshore
in clean shelf water. The differences 11 the water sources are .

~

reflected 1n the total primary amines determined as L-arginine by the

1

the water and recent exposure to substrates. .

" DISCUSSION -

»In these experiments a mixed natural population behaved as 1f it -~

vere a pure culture. Stumm~Zollinger and Harris (1971), Stumm-Zollinger
i

(l9§6), Gaudy and Gaudy (1966) and Gaudy et al. (1963) have also
cbserved mixed populations of bacteria taken ¥rom vaste vaters to act ‘

as pure cultures with respect to catabolite repression and allosteric

5

interactions in the utilization of a variety ofﬂsgbstrate pairs. Stumm-
4 >
\ ¥ . v
Zolllngerr(l968), howvever, suggests that in some cases this may be in
@ \ . t y
. bart due to the growth of certain bacterial species, a point of view

' held by Jannasch and Mateles (1974). L? - .

The observations presented in this thesis, especially the resul%s .,

. ’

of the experiments, on “bottle effect”, on the effects of inhibitors of
. . !
protein synthesis, on the loss and recovery of the ability to take up
L-arginine, on the utilization of D- and Llarglnine, on the specifities
$

of amino acid uptake, and on the increase in the concentration of ATP e

a
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- . \
'bollém‘as indicated by ammonia release,are due to“wetabolic aaégtation

@

or enzyme induction in the population. "The other exper{ments may also
° L,

be interpreted in this way. Except for ATP data, vhich 1s suécépt}ble

L Y

to interference from nonp-bacterial ATP, there were no direct measure-~
)

ments of population changes. While 1t 1s possible that some 1ncrease

N ° s

, in cell numbers took place during the lag period, this does not seem.,

s . -

to be important in vieu of the'data presented above.
j ve © e

a 3

H

Although most of this work was done vith L-arginine, the adaptation

-~ 4

lag for the’increase in the rates of uptake or degradatiom uas observed”

®

for most other amino aci@s examined (figs 127 13, 14). The factors
Ry N ' .
observed to qffect the length of the actavation period include

temperature, the type of substrate, the presence of other substrates

and time since a previous exposure to the substrate. The interaction

of these factors may expla%n many of the differences reported by various

v ‘ "\\,\‘\
duthors in the rates of degradation of amino acids, and a similar
picture may emerge when other organic compounds are examined.

“ A
) # >
As only the uptake of L-arginine was measured in eprriments where

non-nitrogenous carbon sources and L-arginine vere added to water

s
’

& L3
samples simultaneously, 1t ts not known if there 1s a decrease in the

lag period for the uptake of the other carbon sources as well. When

v

L-ornithine or L-lysine were presented to a population together with

L-arginine,a decreased lag was obgserved that was reciprocal but

F3

et
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° ]

etric (fig.'”22). This could bé explained for the L-arginine:
L] . ‘

L-orhithine interaction on °the basis of the co-induction of uptake .
' . ¢ 3

»

’ i -

! A3
conditions, triggered the adapta%lon of the popglatlon to

1$ { \ "’:

]

o\,

taken up togetherxr with L-argintne after a lag that was grejtly reduced

Iy ! 1
for L-lysine but on&ﬁjsllghtly reduced for L-arginine. Injthis case,
TR s
\
as with the non-nitrogenous substrates discussed above, the mechanisms
3 a ® ° Y

. -~ - ,

for shortening the lag may be related to a more fundamental phenofjenon
X N

I v °

of a dormant population or an increase in the cellular energy charge
L]

o

than the induction of a trapsport system and may include the activation

vhich-will increase the rate) of protein blosynﬁheéls. ) A '

v \:&‘ RS
The uptake observed imitially in these experiments (fig. 17 a,d,e,

and £, 32a,b,c) may corpespond to the uptake that vould be measured in

©

a short term incubation at a saturation substrate concentration vhich

1

would correspond to the heterotrophic, potential meash;emént of Parasns

and Strickland (1962). If so, estimates of this type would under-

.

estimate the true potntial of a population, as the activity of the

unadapted population 1s only a small fraction of that observed in an

adapted population. Within the framevork of the kanetic analysis

- f

developed by Uraght and Hobbie (1966) from Parsons and Stflckland's
(1962) assay, the substrate adapted or actiyated population vould have

a much higher maximum uptake velocity (V___) than the unadapted

)

max

°
’
(Y

¥

\
Q
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population These experiments could correspond to a low sybstrate
P ’ ' \
level enrichment culture, but only if there 1s cell multiplication.

a

Yoy
The curves in figures'l7d, e, and f, and 32a, b, and ¢ for the uptake and

degradation of 148 labelled substrates iﬂdlca&e that a steady state
1s reached and this precedes adaptatloﬁh as f}lterable radio-

activaty increases at a constant rate as does the concentration of . a

st a
\

labglled, carbon dioxide. .

- " >
:\ It 15 possible to atcount for this pattern of uptake in at least

Ll *

.

.

three wvays. A fraction of the population may have been exposed to ~
the substrate recently enough to, have retainmed some enzyme activitys, !
4 ° A\
& L3 ’
some cells are active but will become dormant like the rest of the N .

~ ¢ a
v

population 1f ,déprived of an energy source for a long enough period”

r a 1)

\of time. This 1s suggested by the increased %ii/gbserved ith - k

.
-

-

increasing lengths of pre-incubation obsef?ed 1n faigure 16 and by the -, 1
N b ¥ 14 C e
decrease i1n the L-arginine uptake activity of the population in the

e <

carboy in faigure 20. Altejlrnatlvely9 the actlvfiy in the population N

o

as a vhole may decline to a low but non~zero value in the prolonged
t

absence of an inducing substrﬁte, all cells in the population are

active but at a vef% lovy level. Another posgibility 1s that the p

LY
population of cells 1s composed of species that adopt two different ‘¥>

strategles of survaval,at lou substrate levels:* some go 1fto a resting i,

state while others maintain an active metabolism on the low sub- -

s

strate levels by having extremely efficient transport systems; the

population’ 15 composed of tuo sub-populations, one of vhich is alvays

active, the other of vhich is opportunisticly active. This strategy o

18 dlscussed.by Jannasch (1974fa .

LI
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The length of the lag period preceding the rate increases

o

observed here is more consistent with a metabolic actaivation model Ny

than vith a simple enzyme induction model. The time necessary an ° .
y T ’

produce the enzyme complement needed to metabolize the added ‘

v
®

substrates seems greater than would be expected on the basis of sifgple

enzyme induction in a metabolically actlvetpophlatlon (Watson 1965 .

i

Postgate (1967) and Postgate and Hunter (1962, 1963) document the ‘

progressive decline! of cell protein and then cell RNA vhen b§cter1a '
* [

are placed in mineral media 1ifi the absence of an energy source.
4
Inducible enzymes are the first proteins to be catabdlized, followed
. \
by structural proteins and constitutive wenzymes. It follows that

’

substrates vhich are intermediates of major metabolic pathways will

s

be able to supply the carbon and energy to:reverse this deterioration g

z [

o @

©

more rapidly and after a more prolonged starvation period than’
v \

v ot
,

Al 7

-]
lntermedlatss of peraipheral pathways. A stubstrate which permits the

3
4 !

productidén of more energy per molecule transported (citrate as opposed

e o
)

s ¢ [
£o succinate or acgtate) should dllov more immediate and complgte
f

recpovery or activ tzon of a population, all other thangs being equal.
fe « N & ° ~ N
Wright' (1974) has sugge§fed that the rq%atlve mineralization, apd hence ?

\
o 4

the relatave rates of mineralization of amino acids, 1s related to the *

o
N .

ease of entry of their carbon‘lngo the central energy producing path- -~
* LI ~ .
3 4 LY

7ays @hlshls also suggeéted by the data omn the uptal

° ?

o o o
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b s

constraints on the tates of synthesis of enzymes and other metabolic

machinery needed for the recovery of activat¥uon of cells. Postgate
(1967) was not concerned with the formation of a true resting stage
v A . ’
i b . " o
\ [ S ”

as discussed 1n Ramaley and Bernlohgr (1966) or Murrell (1967), the
RSN

development of active Vegetative grovth from such a resting stage

would be expected to take a finite period of time regardless of the

3

typ% or quantity of substrate offéred. Postgate and Hunter (1962)

"..documented the degradation of cellular RNA as well as protein during
v -

\

» gtarvation Loss of RNA from the rxibosomal or transfer f:r?t‘tionﬁvllll

] *

retdard the ability of a cell to recover and thus lengthen thél}hg}
’ e o ' i
period before a substrate can be metabolized by a pathway containing

LY k2
inducible enzymes. It follous that subsirates catabolized by pathways
whose enzymes are resistant to Jegxadatlon v1ill be more 1nﬁependen£

5 » N

[ e

of the effects of starvation and»wgll be better suited to_ supply ‘the -

t 4 A

@ a v
cell with the energy and substrates needed to recover from starvationm.
N

0 .

The ﬁptake and catabolism of a substrate 1s an aﬁtocaFalytic event:
= Q

-
e T v o

catabolism of a small amohﬁt of substrate permits the synthesis of

enzymes to catabcdlize more substrate. This suppkles the energy and*
L3 VRN

° AR ' i |

reduced carbon pecessary for the sﬁnthes%s of othet cellular materials,
" ®,

' o
ulgimately resulting in DNA ;egllcatlon 1f the amount of substrate

1 s . - N 3

taken up exceeds some threshold. The prbduction of ATP as a transient

v . . [

pealk during the catabolism of Hfarginine (f1g. 17c, 32d) “can be

% a
interpreted in this way. '

&
AY

Survival strategies in marine bacteria exposed to a fluctuétlng -
V ~ t
substrate resource could take at least two forms. One cguld depend

)
14

on retaining a small surplus of energy and precursor molecules and
2

a

b2
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v exist 1n a resting form during the periods when substrates are ; ' 4

unavailable (Zymogenous, r selected: cf. Jannasch 1974). A second
" o by .
\
could rely on the preservatign of some minimal level of activity
\ N )
1n£§§tabollc pathwaxf for whach the probabilaty of taking up enough. o ‘

'

of the substrate of those patiigays i1n a given time period to at b

v

least meet the e;ergy cost of aintaining the activ1§y is sufficiently .,
!
§§gh (autochthonous or KS selected. cf. Jannasch 1974). Failure to

i
maintain the activity and to take up the required quantity of sub~

A
v

strate during the time interval, or to maintain the poten%ial {gr T
]

the activity would result in the death of the cell. Energy yield per
LY

molecule transported and catabolized, andythe facilaty uith vhich the
7 Q &
molecule or 1ts primary degradation prQducts enter the energy producing .

-~

pathwa&s w1ll be 1mport5nt considerations. The probabiliry of

v

J/

@ o

encountering a g&ven type of moléégle will Be an environmental constraint;
N

B

hovever, behavioral modifications w1f% influence this aspect of ' v
e Y

acceptablilty (Alder 1969, Bell and %ﬁi?h$1].1972;Bé11 et al., 1974).

B v ‘J - o
Alder (1969) has shoun that bacteria cdn respond to chemical signals .
% N

4

%

vithout taking up the substrate. This could allow them teo travel up a

gradient to reach substghte concentrathgs at vhich uptake systems could

a

operate. Alder worked with Escherichia coli, a bacterium adapted to

*

relatively high substrate levels comparéﬁ\to mariné bacteria (Jannasch

and Mateles 1974). Other systems can iespond to much smallergsubstrhte‘

gradients (Rosen 1975) and presumably a nuttritionally dilute enviromment "

could select for morxe sensitive chemoreceptors in bacteria addpted for ¢+ o°°

survival in this enviropment. Selection for long halfglives in the

enzymes of peripheral pathirays catabolizing moleculethhat are energy

- 4 - °
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) © ’ - *
a
rich and frequently encountered ‘could lead to the e%tabllshment of

i s
\

these pathuays and provide a mechanism for niche differentiation 3
’ 9 i

. » by iq -«
¥

in bacterioplankton. N
‘ ' 1 X 9 /
CONCLUSIONS e |

N o (
‘The lack of % pronounced bottle effect (figs 15 16), the

1l -
results of the experiments with vanhibitor8sof protein synthesais,

(f1g. 18, TablafIIIO, the results of the experiment on the loss of

]
L-arginine upgake‘act1v1ty and 1ts yeinduction (fig. 20), the

. L]

specrfipities of the'uptake activity (Table IV), and the tramsitory

.

] A
increase in AIK observed :during active L-arginine uptake and ,

catabolism (fig. 17c, 324) suggest(that ;W lag observed in aﬁlno acid
: :

°

gptake and degradation 1is related to the agtaivation of a meta-

M -

Bollcall§ quiescent population or a switch'in substrate utilization
q Iy *

triggered by the addltlog of the amino acid /

Various factors have been observed to ﬁbdlfy the duration of
[ .
thislag period in natural populations of marine bactér}ioplankton°

0Of the factors dlgcussed)ln this paper, vater temperature and the

presence of other readily metabolized substrates seem to be the most
[ “ B
important. Enzyme production durlgg thé‘lag may be part of the general
[] v N
‘reactivation of a metabolically quiescent population. The interactpon

of those factors may help to explain soime of the general trgnds and

variabilaty observed an ‘experiments measurang'the kinetiecs of the
1

-

uptake of organic substrates by bacterioplankton.

* Bacterial activity canjgs expected to be dependent on the flux of,

S

energy (reduced carbon) thfough a given system., Lag times for '

NS B |

L J | 7 |

’

Nd
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) a

adaptation to & substrate, which should be related to the fraction

/

of the population that 15 active at a géven time, could range from
zero 1n productive areas such as eutrophic estuaries or lakes, to

@ N :

long periods 1n extremely ollgotrophlé areas. Patchy distraibutions

of substrates, either spatially or temporally, could lead to a patchy

distribution of activaty and variabilaty in yptake rates measured

+

in short incubations. D

<

A

L2
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Although 1t 1s tempting to ,speculate that phytoplénkton
utilize organic nitrogen directly from the én&mgonment, the results
of this study suggest that 1f this does'occur at this station, 1t
1s not an important cgngrlbutlon to the nitrogen required for
primary production, nor 1s it important as a sink for amino acids
released into these communities. Scﬁell (1974) concluded that
phytoplankton at his stdtion used amino acid nitroggp directly.
Derenbach and Williams (1974) and Wright and Hobbie;(l966) obtained

results similat to those I obtained in this 'study. The primary sink

for amino acids in Halifax Harbour plankton communities seems to be
N

bacterial respiration and assimilation. f

1
5

Nitrogen regenerated as ammonia during bacterial respiration of
amino acids at this station may be important in maintaining primary
production in communities occlrring here in stratified water columns.
The release of ammonia accompanied the.degradation of all amino acids .
tested, and 1f 1t 1s éhown that® bacteria can use amino acid polymersy
1t 1s probable that ammonia will be released during their degradation
as well. Nitrogen regeneration seems to be related to th7 C:N ratio
of the diet of the bacteria rather tham to the C:lN ratio jof the amino
ac1d supplied (Sections IT and III, figs. %2: 13, 24 and Table V).
This is perhaps to be expected, and agrees with Thay;#gs (1974)
vork on the competltlon‘between alpae and bacterla/fdr nitrogen 1in an
environment rich in reduced carbon. : ’ '

\

Lags 1in uptake and nitrogen regeneratlon‘wer%qgeen ri1th most amino
LY

acids tested. The duration of this lag period, vhich was suggested to

ey
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]

be due to metabolic adaptatien, is affécted by the types of substrates

available to the bacteria, as is nitrogen regenerdtion. Complex diets
3

L)
(tvo or more substrates supplied simultaneously) significantly
2

\
shortened the lag for the increase in the rate of upfake of the amino

acid supplied. As bacteria at this station will probably never be using”
s ° ’
a single substrate at a time, the lags measured in these experiments
1y \

0

probably represent the maximum lag periods for these substrates. .

Vaccaro (1969) and Williams and Gray (1970) found similar lag perxods -

1in the utilization of some non-nitregenous organic compotunds, so thex
4
may be a general property of bacteraal act£V1ty that 1s observable only

when substrates are present at higher than bulk water concentrations,

<

The possibilaty that bacteria adapt metabolically to changes in

~

substrate types or levels in the environment does not seem to have been

seriously considered in the open literature of biological oéeanograppye

&
These adaptive processes are well known in brochemistry and molecular
\

¢

biology where they were of inestimable value in helping to understand hou

the information coded in DNA 1s expressed as a\pmoteln molecule (Watson
i965, Beckuith and Zipser 1970). The current model of bacterlai
actlblty 1s that bacteria behave t;ward substrates ;§ steady state
systems governed by the Michaells—Ment;; relationship (Wright and Hobbaie

v

1966, Jannasch 1974). Uptake rates vary*because the environmental

concentrations of a substrate wary, and the Michaelis-Menton kinetic -

. -
LS *

parameters (Ks and vmax) for a substrate vary from species to species.
Increased activity (vmax) with time 1s usually attributed to imcreases

in biomass (Williams and Gray 1970, Willaiams 1970, 1973a, Vaccaro 1969).
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'
e
©

Bacteria are modeled as metabolically active but growing very slouly
5

at low substrate levels, ready to respond rapidly to intreases 1n

e
o

substrate levels according to the Michaelas-Menton equatldh (Parsons

) “ /
and Takahaski 1973, Jannasch and Mateles 1 74) .

-

Y

The bacterial activity measured at low substrate levels in
oligotrophic areas has been assigned to autochthonous or KS selected
i

/ /
bacteria possessing uptake éystems vith extremely haigh® affinities for

«

the/éhbéfrate, but lov maximum uptake’veloc1t1es and growth’rgtesf

Th% more opportunistic zymogenous bacteria (r or Vmaxlselected) Y

.
0

possess uptake systems with lower substrate affinities but higher
4 %

maximum velocities and grouwth rates. They lose out in cdmpetitions

at low substrate levels but dominate at substrate concentrations above

R

some threshold value (Jannasch 1974). .
o 9y - °
The question is, does losing the competition for a substrate at

- v

low substrate levels mean death for the organmism? Do bacteria
particularly marine bacteria selected for survival at low substrate
concentrations and fluxes (Williams 1970, Andreus and Williams 1971,
Riley and Segar 1970), staﬁfe to death as Postgate and Hunter (1962)

and Jannasch (1968) suggest, or do they go £;to some sort of meta-
bolically qulescenf state to awalt increases in substrate concentrations?
It 1s tempting to reinterpret bacterial ecology simplictically in terms
of alternmative states of a&t1v1ty. At lou substrate levels, the

majority of the population would be 1n a resting state or metabollcally

"off". The bacterial activity measured under these circumstarces could
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be artributed to a small fraction of the poéulatlon that 1s still N
- &

"on". This fraction may be active because they possess uptake

« ~

S
systems with, higher substrate affinitrgs, because their threshold e
by a

for the "on-off" transition 1s lover, or because they have, Hrough

ES

a random process, been in contactr with higher substrate con-

v
H - &

centrations recently enough to have retained actiyity. At higher

substrate concentrations a larger fraction of the population would
i\

} Y
be "on".

4

I1f the "off-on" transition 1pvolves the synthesis of uptake-

systems, uptake rates and vmax would increase during the tramsition

¢

because there would be more uptake sites per unit biomass than in the
- %

same bacteria before the tramsition. KS values should be comnstant

unless qualatatavely different uptadke systems are produced at higher

substrate levels. The occurrence of more than one uptake system’

transSporting a given substrate with different kinetic parameters s
f i

known for a variety of organisms (Grens;n‘gg_gia 1966, Hellebyst 1970,

5

tennedy 1972, Wallem 1973), and Jannasch (1968) has studied ingfeases
\J
in KS valuesi?or maflne bacteria grown in higher than natural sub-

strate levels. The error inherent in determinations of a Ks value

. .

increases as 'that value decreases, particularly when the Lineweaver—
¢ 2

d

Burke transformation is used to linearize the data (Dowd and Riggs 1965).

This fact,\gﬁé/the fact that these determinations are frequently

highly variable in oligotrophic marine systems (Vaécaro and Jannasch

1966, 1967, Hamilton and Preslan 1970) will make chamkes LnQKS valueg
o -

difficult to document. .

In relatively eutrophic ecosystems, a lﬁrier fraction of the §

I

“

T
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5

population 1ll be “on" and hence theincrease.in uptale rates will
1

, ©

be smaller. 1 have observed that the duration of the lag 1s a fumction

t
of the time sincde previous exposure to the substrate. Thus it is
o -

also likely that the lag.psriod w1ll be shorter in the eutrophic

~ .

system because the probaﬁllity of a given bacterium having been ‘

exposed to an activating substrate concentration in a given time

- o
»

interval 1s higher than in the oligotrophic system. In the extreme

situation there will Eg‘na lag and no increase in activity with time . .
¢

1
« v

following the addition of a substrate. ! >

.
°

1

Competition among warine bacteria no longer needs to be based on
kinetic parametens alone. The magnitudes of the thréshold wvalues

=,
o

for the "on-off" ahd "off-on" ctransitions for dafferent species of

- % -~

bacteria, and behavibrial differences as discussed by Alder (1969) .

' a

and Bell and Mitehell (1972) provide othér parameters for nlcﬂeb

differentiation. It is plausible that a%acterial species adapted to

A . . R

substrate concentrations that are higher than 'average for bulk water

and wvhich would otherwise be eliminated by a opecies vhich had a high

substrate affinity {(low KST'uptake system 1in a éirlctly Ks-vmax

~

controlled universe, could survive by reverting to a resting stage umtal
2 ?

a 4 t

o 1 i
chancing upon or chemotactically seeking out locally higher substrate

-
concentrations such as would be fourd around z dead plamkter. If the hyp
2 \ -2
thetical bacterium were able to use polymeric-substrates (staxches} prote
H

ete.) thal either have low molecular diffusion rates or are insoluble, th

-

the substrate actugily used for growth would not ‘be lost duec to diffusion

)
# @

. duzing the activation period. The free, monomeric sugars ‘
’ b

. "oy

as
.

0--

[
]
1ns,
1

2n
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and amino acids may act as chemical signals to alert the hacterium

[
v

to the presence of a comcentration of these polymeric substrates.

*
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SUMMARY '

}) The praimary mechanism for the removal of dissolved free amino

acids from the coastél station studied was heterotrophic

utilaization by bacteria, |

.

2) Amino acid nitrogen was released ag ammonia during the catabolism
a

of these compounds.
3) The released ammonia vas used rapidly for phytoplankton grouth.

4) Nitrogen regeneration ratios, ammonia produced x 100,
- amino acid nitrogen supplied

varied with the amino acid used and wath .the C:N ratio of the diet but

not vath the C.N ratio of the amino acird. These ratios ranged fr7m

°

60% to 100% and averaged 80%.

5) JNltrégen regeneration ratios for L-arglﬁlne varied firom 60 to 85%

from experament to experiment.

. N

6) An 1nitial lag period of slow uptake or degradation as indicated by

ammonia release was followed by an abrupt and dramatic increase in the

v

rates of uptake and ,degradation of added amino acids. \ '
\

7) The duration of the lag period varied with the amino acid used,

v
v

with incubation temperature, and with the presence of other simple :

organic substrates. Laght and 'the presence of nitrate and ammonia did
not affect either the lag period or the regeneration ratio.
8) The increase in the uptzke of D-arginine followed a prolonged lag

relative to L-arginine. The data suggest that the prolongation vas

A 4 S

due to the, time needed for the synthesis of a racemase, the enzymatic

4

activity of which preceded that of. the L».speciflc uptake system.
. ¢

»
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9) The rate of uptake of L-arginine by a population that had been

talking up the substrate at a high rate was observed to detrease

gradually over a period of days to a negligible rate of uptake. A

high rate of ﬁptake vas observed to follow a greatly reduced lag

4

period when the population was re-exposed to the substrate

na A
10) The pattern of a lag folloved by a rapid increase in the uptake

¢
o

« rate or degradation rate of L-arginine was obsekved wvhen the substrate

- -

1
was added to give cg%centratlons of 1.0 uM or greater.
bl
11) Protein synghc51§ was required for the increase in rates.

12) The evidence suggests that the lag 15 due to the taime neééssary

for metabolic activation or adaptation in the population.

il

13) These results are discussed in light of current steady state gi

° models of bacterial actavity. N



ADDENDUM ! o

-

used in the oraiginal determination, and to determine whe;?er the :

¥

observed temperature dependence and varied vith the population

" ¥
QlO
and environmental condiEions. The vater used in these experiments,
!
was collected as in Section I from Station A on the 6th of July, 1976
4

for the temperature dependence experiment and on the 20th of July,

1976 for the carbon partitioning experiment . The 1n saitu temperatures

o

at the times of collection yere 14 and 17°C on the 6th and 20th of

July, respect1§g}y. The vater was pre-treated and partitioned as in
4

Sectadn 1. . \

L-arginine supplied at 10.0 uM vas the subgtrate.for the temperature

& - ¥
' t

dependence experiment, vhich was performed as odtlined in Section IIX,

Duplicate flasks vere ancubated at 3, 5, 10, 15 and 20 and 25°C in the
\

dark and the concentration of L-arginine, determined by the fluorescamine
techhique described in Section III, vas measured at the times indicated.

The results presented in figure 31 are similar to those obtained in the
. @

previous experlmeﬁt. The slope of the linear portion of the curve in
figure 31b (10 to 25°C éemperature range) was - 3.9 hr/C° as comparxed to

a slope of -5.0 hr/C° obtained in the previous experiment. The values

°

of the "Q.." for the activation procgss estimated from the 10 C° intervals

Qo
25°- 15°¢, 20° ~ 10°C-and 15° - 5°C are 2.6, 2.0, and 2.6 respectively,

I

vhich gives an average value of 2.4, compared to a value of 3.0 estimated

w

£

¢

A<g
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’ 7
from the slope of the curve of the activation time versus temperature
" A

graph for the previous eXperiment. It can be seen that the

~
N

maximum rate of uptake‘'declines with decreasing temperature,
Al

© -
B 0

as would be expeéted and as has been égported prev1q$sly‘£or
North Pacific heéex%grophs taklﬂgsup glucose (Takahashi’®and

o

Ichimura, 1971). ¢ '

A\ -

o a¢

As vas noted in the Materials and Methods of Section III, it

proved to be mecessary to lover the pH of the sodium hydrc§igg

N
solution used to.trap the carbon dioxide evolved during the
1) i T By

. » @
degradation of L- arginine, lysine and leucine. wThis was because

L) 5
N o

a diphasic scintillation cocktail resulted w1th‘l.00ﬁm sod1unf
A .
N 'y >k
hydroxide additions exceeding approxamately 0.1 ml. It was algo .
e ". ¥ - <

o

A
noted that thais'procedure increased the variability of the: measure-~
Al » o
, : .

ments of 14C—1abelled carbon dioxide, as well as lowgf{égf effiéiency

af trappapg to gpprox1mately 80%. 1In addition, Iverson et al.

“y o

(1976) found that radioactivity 1s lost vhen aqueous solutions of

Loc 1abeited bicarbonate 1on are counted directly in Aquasol. I

have also Gbjerved this effect for the Triton i—lOO:toluene £luor

~

used in this study. As% result’'the experiment was repeated using

phenethylamine to trap the evolyed carbon dioxmide as 1n Hobb%e and

< PR .

Crauford (1969). ' -

o -~

+*

L-drginine, J~glutamate and L-~lysine suppiied at 10.0 UM were °
used an the carbon partitioning experiment, Ammonia, ATP, and ap1ino
acid (primary amine) conéentra?ions were dete ned as described in ,

Section I and III and folloved in,separate duplicated 3.0 % samples of

T

vater contained Ilp 4 & Erlenmeyer flasks.

'

. ° 3
A, o \
a ™ N

-

¢
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Carbon partitioning was followed an duplicate 1 5% aliquots of

+ vater contained in 2% flasks. Unlalelled substrates vere added to\give
10.0 M, t?en 10.0, 10.0 and 13.0 ucCi/% pfquC uniformly labelled -~

h%gh specific activity L- arginine, glutagite, and lysine were added.

o

to the appropriate flask. All flasks wgre 1qcubated together in a

N
dark an agorvat 17°c.

+

» i\ ’ T
At de times indicated in figure 32 triplicate 50.Q,ml skb—

3§ \

samples were také@'by pipet and filtered at 730 Torr through Reeve
l) =3

Angel 984 H glass fiber ultrafilters. This filter was placed in a.

+
a

_scintillation vial, ‘capped an% inmediately frozen at -20°C. The filtrate

?as placed in a 250" mL vide mouth conical flasks A #8 rubber stopper
Y L4 ¢ \ N

‘  fhat held alpitce of polyvinyl chloride rod bent into a U-shaped clip

o S

%3“3 tq hold a scintillation vial vertically inside the flask a few milli-

fadv .

' si:é"met rs ‘above “the sunfa%ﬁ of the filtrate %ﬁs used to close the flask.

g : A

o s ]

¥« A 2) W diameter Gelman A-E glassﬁ%ber filter .was placed in the mouth,
: TR W ‘ )

of a scintlllézlon vial and saturated (approximately 0.2 ml) yth N j%

"pheuethylgmlne‘(Racﬁard). The vaal vaélqulckly clipped to the stopper,
° o 3 L <

. then apbrox1matel§ 0.1 m} of 36"N reagent grade sulfuric acid was addéd

. ]
Y

i to the filtrate in the flask 11ath minimal mixing and the flask*was,
. : \ NN
immediately stoppered. The flasks vere placed on & rotary fhaker at .

Yoee

200 RPM foxr at least an hourk nA.j:,i:he end of this periods

v

a

vial vas removed from the flasK, the phenethylamrne saf¥urated filter was

°
q

pushed to the bbttom of the yial with & clean glass rod, and tﬁe vial

[ » F .

uas capped. One mlllllf@er of"éhe‘ac1dified filtrate was then pipetted
v ‘ [ . 9 !

fy v

into another scintillation vial wiirzch was also capped. At the epd of

2

° > «

o

the experiment 10 ml of the 1:1 Tritom X-100:toluene ‘Fluor vas addéd to
1) v [3 9

o e »
-

e

r

T

4

S
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all vials. The vials were alloved to reach. thermal equilibrium in the

v

samp}e belt and:counted in a Packard Tricarb liquid scaintillation
counter. Que%chlng was determined by\fn automatic external gtandard-

.

1zation mechanism. The counting efficiency for these samples was 857.

Retention of the label in the damp filters was negligible as d%tejmlned

by a separate experiment. The efficiency of the trapping systemxwas
1

101 + 2% (X % S.D., n=20) as éetermJLed with a 5.0 uCi/e 14C--la.be led
t i \
sodium bicarbonate (New England Nuclear Canada Ltd. ampoules) solution

'in filtered (Reeve-Angel 984 H gléss fiber) seawater treated exactly as

- < ‘

if 1t vere a sample,except that the filters were counted immediately. (
The activities of the bicarbonate solution and of the filters were |

determined by counting in in the Traiton-toluene fluor to which had been
v

°

added either 0.2 ml of phenethylamine or two drops of 1.00°N sodium

¢

hydroxide, and i1n a fluor composed of 2400 ml toluene, 1512 ‘ml absolute

%

3

N sodium hydroxide were added to the latter fluor before the sample to be

N 3 ‘4
counted was introduced. All three f£luor and base combrnations compared

< N Y

favorably, however quenchihg in tge Triton-toluene fluor with added
f i

phenethylamine lovered the counting efficiency slightly relatively to the

oth®r tiro fluors (B4 as ogposed to 87%). The presence or absence of Cab-

0 - 8il h%d no effection the codhts, vhich agreed very well with the
| Q

NN
‘act1v1ty reported by the supplier. WUhennihe aqueous blcarbonate solution
ﬂﬁ

a .
Al °

vas counted 1n the Tritom-toluene fluor w1Eh no added base, ldSs of up to

r
Y &

50% of the actlvlty vas observed,although this number was generally closer

’ f = -
g,
te 30%. . a % N
o N \ "
4 4 : o

The rgq&lts of this experiment, shoun in figure 32 apd Table VI

a
[} .

o

l-—atx

1 4

.

8

ethanol, 16 gm PSP, and 0.060 gn POPOP. Cab — O =~811 and twvo drops of 1.00



¥

¢
. -

s / 4
compare favorably with those shown in figure 17 for the previous
A

expériment A slight decline in the total activity recovered, (the

M ¥
sum of the DPM per 50 ml in the filtrate, on the fllqér, and collected
!

N\ as carbon diox:;.gfe)9 was observed. This may be due to the.loss of

carbon to the atmosphere as a gas, or to carbon assimilated by micro-

’ -

orgénlsmﬁ growing on the walls of the flask. The slow declaine in this
wvalue, (12, 19, and 8% after 98°hr,for L- arginine,” glutamate and lysine ,
respectively) suggest that carbon losses “to wall grouth or the atmosphere

are small, and that bacterial actavaty on the walls of the flask 1s not

.

important relative to the activity in the water contained 1in the flask.

An apparent dfscfepancy between the nitrogen regeneration ratio” and

3 hd 1

o the carbon respiration ratio was discussed in Section II. It can be
b

seen from Table VI that the nitrogen regeneration ratio increased vith
time for these substrates. The fraction of carbon respired similarly

increased wvith time and substrate removal for L-lysine, but this value

“ ]

. was fairly constant for L-arginine.and L-glutamate. The respiration

1

ratios observed here (69, 61 and 55% for L~ érglnine, glutamate and lysine

measured after substrdte depletion) are much higher than the values

reported in the literatuyre (8.4, 61.3 and 11.6 for arginine, glutamate
. )
< and lysine; Hobbie and Crawford 1969, 3~19 for lysine and 21-367 for an
amino acids mixture; Gocke 1976, and 22% for an amino acids mixture:

Williams 1970) except for glutamate. This 1s probably due to the

o

difference in the experimental procedure; the above authors used short

, incubations and lov substrate concentrations. Because of the short
incubation periods, substrates that do mot feed directly into the Krebs
4 R v

cycle may have actumulated in ar intracellular pool before they had an

t

& i Q
\ . v

‘



69.

opportunity to be degraded. Various authors (Gocke, 1976, Wraght 1974,
Williams l973b§and Hobbie and Crawford 1969) have observéd an increase

in the resplratlﬁh ratio of a substrate with increases in the sub-

.

Ptrate concentratiog vhich may be related to the time needed to fill

L +

the intracellular pgols. While these increages in the respiration

“ratio are small for amin¢ acids (Gocke 1976, Hobbie and Cravford 1969)

[}

they may have contributed to the generally higher values I observed.

A comparison of the radiocarbon data with the fluorescamine data in

' [

figure 32 suggests that some of the carbon supplied as amino acid must

have been "meturned to the medium as dissolved organic carbon (DOC). (
L]

When L-arginine was the carbon source, radiocarbon determinations *

indicated that only 88% of the carbon had been taken up and assimilated

!
or respired When the L-arginine concentration vas determined by

° a
fluorescamine, the substrate was removed to a level not different from

~

the blank for Halifax Harbour seawater, 0.2 to 0.7 UM determined as
arginine Radiocarbon data samilarly lndlcated that 887 of the added
L-lysine had been removed from the medium after 118 héurs, fluorescamine

gave a figure of 1004 as for L-arginine. After 94 hours, 62 and‘96% of

$
the L-lysane had -been removed from the medium as indicated by 148

¢
and fluorescamine measurements respectively, although thé agreement

between the dupllséte flask 140 datd’E?\fﬁiswﬁéint was not good.

[ i

Fanally, with the exception of the 36 hour points for L-arginine, a

- [

© < >3
comparison pf the nitrogen regeneration ratio using the radiocarbon

data as a measére of the substrate taken up, and the carbon respiration

LY
' #® o

ratio indicates that tHe nitrogen regen@ration ratio for L-arginine and

£ [ o

o . >
<



-

L-lysine degradation 1s greater than the carbon respiration ratio
/
f

for these substrates. This can in part be related to the release

-~

— "p
of DOC, as the regeneration ratios calculated using the fluorescamine
) M A

data as a measure of the substrate taken up are 86 and 77% for

L-arginine after 57 hours and L-lysine after 118 hours respectively.

The nitrogen regeneration ratios for those two substrates are still

larger than the respectaive carbon respiration ratios, however (68 and

65%4). For glutamate, vhere uptake measured by 140 and fluorescamine
are 1n good agreement, (1.e. DOC.1s not released) the carbon

‘respiration ratio exceeds the nitrogen regeneration ratio (64 and

*

38% respectively) after all of the substrate has been removed from

the medium. The differences between L-glutamate and L-arginine ox

-

L-lysine with respedt to nitrogen regeneration, carbon respiration,

@

\
and DOC release may be related to the cemntral role of glutamate in

both carbon and nitrogen metabolism as opposed to the more peripheral

“

positions of arginine and especially lysine. (Broun et al. 1974, .

o

DeHauver et al. 1964, Maas 1961). T

a

Finally, the ATP data presented’'in figure 32& demonstrates in

greater detail the transient increase suggested for L-arginine in

Y

figure 17c. It 1s possible that the increase vas obsexved in the
samples to vhich L~lysine had been added due to the long interval
between the 70 and 94 hour points., The'transient ipcrease in the

concentration of ATP may be related to a transient increase in the

» A |

energy charge of the cells in this population.

'

I
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LEGENDS FOR FIGURES

Figure 1.

]

Figure 2. .Increase in chlorophyll fluorescence with-increasing

e

Figure 3.

Figure 4,

Figure 5.

Figure 6.

Map of Halifax Harbour, Nova Scotia, Canada showing the

o

locations of Stations A, B, and c.

¢

a

S ‘

additions of L-arginine. Pre-treatment was to £/40 minus

a n;gfogenwsource and without Tris (£/40-N, see text).
Ammonium chloride was added to one set of flasks at 10.0 WM
as a control.

Ammonia velease for L-arginine under nutrient pre-
trestments varying from £/80-N to £/20~N. L-arginine was
added to 10 0 WM to £11 experimental flagks. TFigures 3

and 4 are from the same experiment. Ammonium chloride

was added to give 40.0 WM in the control. ‘
Chlorophyll fluorescence incredses uith 1ncreésmné1pre—
treatment nutrient concentration from'f?SO—N to £/20-N.
L-arginine was addea to 10.0 uM to all experimental flasks.
TFigures 3 and 4 arxe fromthe same expeélmentu An ammonium
chloride addition to give 40.0 UM served as a control.
Chlorophyll fluorescence increases with various substrates,
all at 20.0 uM. Pre-treatment was to £/40-N

o

Ammonia production during the decomposition 0f' D~ or L-

arginine and L-glutamic acid. FPre-treatment vas' to £/30-N.
13

¥ e

Figures 6 and 7 are from the same experiment. - ) !

9
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Figure 7. Ammonia release from 5.00 UM additions of various sub-

strates. Pre-treatment was to £/40-N. Fagures 9 and v

¢ <

10 are from the same experament.

Figure 8. Increases in chlorophyll fluorescence with the add1tion

w

of various substrates, all of 5.00 WM. Pre-treatment was

'

‘ to £/40~-N. TFigures 9 and 10 are from the same experiment.
Figure 9. Increases in chlorophyll fluorescence with the addition of

10.0 UM of various substrates. Pre-treatment uwas to £/48-N.
Faigure 10. }AC Autoradiographs. The sample was incubated w1th’14C—

‘¢

!
labelled IL~arginine for 8 hrs. Radiocactivity' appears as a .

T

cloud of black dots surrounding and super}mpbsed on‘the '

labelled object. Substrate was added to 0.10 UM and 5.00°
uC1/% , pre~treatment was té £/72-N.

‘

Voo Figures 10a, 10b, are unlabelled phytoplankton: 10a contains

4 +

a clearly recognizable Prorocentrum micans, 10b contains a

cell of a Chaeteceros sp. probably C. wighami. Figures
* 10c, 104, 10e are labelled detrital particles and f%cal
pellets. Figure 10f is an unknown labelled particle, possibly

an algal cefl° It 1s ndt known whether or not the partlclé

>

contained chlorophyll. Alluphotagraphs-were taken fyom the
) same slide. 7

=

Flgufe 11. Uptake curves for the autoradiography experiment. Pre- .

’ treatment was to £472-N. Radioactive substrate was uni-
formly labelled and wéé mixed with carrier substrate to give
S.IOuMuanQS,GO MCi/%. The regression lines are linear with

J ~
)
4

- A



Figure 12.

Q S

Yy e
=y Figure 13,

i}

8

Kl

- °

rz ="0.99. Uptake rates are: -

L~glutamic acid, zn light 2.5 % 107 M/hx
" " " dark 2.2x " " :
- /
L-arginine, " laght °, 1.2x "

" " dark ™ i1.2x " " ot

Ammonia release accompanying the degradation of various
A\
amino aclds and urea in the dark by .,a plankton community

29 May 1975. L-arginine, L~ly91ne,‘glyc1ne, L—tryptophaﬁ,
N

L-glutamate, L-leucine, urea, and L-valine supplied at 10 0

e - °

M were teaFed. e .

@

Ammonia release accompanying the degradation of various
amino acids in the darkiby a plankion commuﬁlty collected

[ <

5 June 1975. L-argimine, L-citrulline, L~histidine,
L-ornithine, L-aspartate, L-proline, and L-threonine

/
supplied at 10.0 UM wexe t%sted. @ °

5

Flguri\ii)//ﬁﬁﬁanla release accompanying the degradation of various amino
acids and anazlogues in the dark by a planktqn community "

e e—u

Figure 15.

oy

collected 12 Jume 1975. L~arginine, DL-Nle; DL-norleucine,

DL-AIB; DL-o-aminoisobutyrate, DL-ca-methyl Glu, DL:u—m;thyl

glutamate supplied at 10.0 M were tested.

4

L-arginine uptake ard ammonia production in the dark as a_
functlgn of bottle size. L=-arginine vas added to give a
toncentration of 10.0 UM in Erlenmeyer flasks and a 25
liter cargoy. oThe 2000 m! flask contained 1500 ml; the ' 6
1000 ml, 750 mlj the 500 ml, 400 ml and the 25% carboy
contained 18 of water initially. The water was collected

-

25 September. .

~r
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Figure 16. The effect' of sample pre-incubation on the léngth of the

«

L4
. lag period -for apmonia release in the dark fyem additions

¥

- " o 10.0 U1 of L—axginine.s L-arginine was added to replicate

| ' .
. * by natural populations  of bacteria. a) Uptake)|as measured

4

4

JTindacates wange of data at a point; d&,e, and f) partitioning

1
B «
“ L

i4 . e . %
> . of L}f) into filtrate, particulate and acid volatile (ca/rbon

dioxide) fractions during the degradation of\i‘..—ar ininey
"~ \‘ ®
L~lysine and L~lesucine, respectively. Inatial supstrate-

) a

.

&

60 @
s o Erlenmeyer {lasks. See ‘text for details. The walpr wag '

“ \ collected 18 September. ° #. - .

o

TFigure 18. The ‘effect of various inhibitors of pristeln synthesis on

4

hY

-

' the uptake of L«ax:gimnp ind Haﬂ:ﬁ";a; 10.0 1i. - a) G clc; [>

L Y o

hexamide, erythronyein, and’llincomycin at various coz— s
W A . 1

> o o ° . g
s centratiops and combinations of erythromycin and,iin L.O_ )
. . N n N 2, » RN/
>

¢ I

- / T '

, myein. Tne experlrent was performed on water colleﬂ(ted

¢ L3
T ‘ ' o

2 October. b) Lincomyecxin added °to water collected - R

&
‘\ { 8 (D”?)A

i

23 Octobegc.“ Lo e s ‘\0

o
K

s Faigure'19. Ui:take of D-ghd L~ arginine, both initially added to 0.0 12l

g Water collected 2 October, experiment run in 1.50 U\ of water

3 . ’ )

in 22" Erlenreyer flasks. .

~ a
' .
N L]
1 e v
- - ' #

3

>

o~
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Figure 20. Induction’ and loss of uptake activaity in the bacterial

«

- Fagure 21,
9
. .
v
* Chi
)
¢
o
[}
S I
Tagere 22,
Ao ® N N
g + W'
A
4
N \
* (1]
Cd
. .
- D% . &
v .
1 %
: o b
» ar
. “Tipurc 23.
N,
, it
a et -
’a‘%@« °
n :i‘,

flora contained in 18 % of water in a 25  Pyrex carboy.

L~-arginine vas added to give 10.0 1 anatzally. After °

o

" bacterial activity had been induced (60 hr lag), it vas

assayed in duplicate 100 ml aliquots waithdrawn from the

2

carboy. L-arginine vas added to the aliquots to give 10.0

¥

-

1 and the amount remaining after 4.0 hours was determined

by fluorescamine.

\

1

After the uptake activyity had ceased,

(no uptake after four hours), duplicate 1.50 & aliquots
'

-

vere withdrawn from the carboy. One was left unchanged

o

.

as a control and L-arginine was added to the other to gave

10.% Wl (232 hrs).

Uptake' and uptake acti%ity were assayed
»

AT4

L J
as before using fluocescamine. Uater was collected 25

September. Length of bar
1

Lag time until activation

)

concentration; thmesholﬁ

indicates uptake in an assay.

as a function of added substrate |

concentration required £o initiate

activatione Additions of L-arginime to give 10.0, 5.00 and

‘

u}.00 11 were ma%é to water collected on 25 September.

.

[\]
Uptake of L~ arginine, ornithine, lysine and glutamic acid.

W

Individual compounds added tb 1.50 % aliquots in 2 % flasks

’

to give 10.0 Wi; flasks ro which two substrates were added

contain 10.0 !l of each substrate. All substrates were

e

added at the same time at the be%innimg of the experiment.

:Vater was collected 23 Gotober.

Apmomia release accompanylngithe catabolism of L-arginine

®

3

o

13

°

? \
- 4 » .
by coastal plankton conmunities in the presence and absence



Pl

[
¢ * PR

(2

of other organic compounds. The experiment was begun 11
¢
Sept. 1975. v

~ .

Figure 24, Uptake and ¢atabolism of L-arginine an the presence and
L] “ °

[
absence oé\qued organic substrates. a) Uptake of
L-arginine. b) Ammonia release accompanying the catabolism
of L-arginine. = Experiment begun 25 September 1975. .

Figure 25. Uptake of L-arginine in the presence of 0.0, 10.0, or 50 ut

glucose Experiment begpn‘geptember 25, 1975

Figure 26. . Ammonia -release accompanying the degradation of L-arginine

® »

by cdastal plankton communities in the presence or absence
‘ s
of .added inorganic fixed nitrogen. Experiment begun 11

September 1975, '

Al
7 .

Figure 27. L-amgpinine uptake kinetics as a function of temperature and

[ N '

1llum1nati?n. The inset glves”%he copcentration of ammonia

in the darkened flasks at 89 hours. Experiment begun 25

§eptembef 1975. : '

0 o

t

Figure 28; *iength of lag, period as determined by the tame to 50%
o ;

‘ completion of the uptake or degradation.of L-arginine a$ a

functiorn® of temperature using populations collected at the
! a3

datés indicated and incubated in the dark at-the in situ
4 . “ N e i aptirirti——

23

) temperature. The slope of the regression line 18 ~5.7

¢ E
1

’ hr./C° and rz = 0.96.

» Figure 29. zﬁmgnla release accompanying the dégradation of 20 |1 .

In'x -
2 L-arginine or L-glutamate by plankton communities from l0m
i i

depth in the Sargasso 'Sea. g)° Experament performed 6 .

'

. February 1975 at 26°N, 63°W, water temperature 23°C.

i
i ° . M

s

-

-



Figure 30 Uptake of L-arginine by plankton populations collétted

. ®

» % :
)

737.

LR

b) Results of two experaments at 33°N, 63°W, Connected

points; 9 Tebruary; isolated points, 12 February 1975, .

"

n . w [

vater temperature 21°C.

. 8

1
°

from different locations in Halifax Harbour. Station B - |
\ . L . .
vas near a sever outfall, Station C was in clean coastal
1= “ v
vater and Station A 1s near the main 'channel leading to

@ ]
v

the inner harbour. The inset- gives some environmental »

o -

parameters for the wvater at the time of collection, 25
A @

[N
September 1975. The surface temperapur% vvas the same at

~

all stations and they were 1ncubatqd togéther,

- 7

Y

Figure 31. Temperature dependénce of the duration of the activation .
¢

lag for L-arginime. a) Uptake curves, L-arginine supplied

n
1

«at 10,0 UM to water co}lected 6 July. . b) )Lag duration versus

incubatron temperature (x) and maximum uptake rate observed S
¢ \
versus temperature (o). The slope of the line 1s -3.9 hz/C .

3

See Addendum for details.

Figure 32, Amino acid uptake, carbon partitioning and nilrogen regeneration.

L- arginine, glutamate, and lysine wvere supplied at 16.0 , M and

“

10, 10, land 13 Ci1/%, respectively, to water collected 20 Jule

[
£

a) L-arginine, b)L-glutamate, c) L-lysine, d) ATP in flasks. f N
< . ¢ >

‘I[ v s
« Talled circles: total "tﬁ radibactavaty (DPI) ¥ecovored from

50,0 ml. i .

[
3

]

Open circles: activity am 50.0 mi ~7 filtrate after~acidification.

. 0
Filled gquareg: activity in 50.0 ml collected on the flL{;r.

0 4 °

Open squares: actavity in 50.0 @l tragééd in phenethylamine

» L v
after acidificataion. R @
3
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Substrate : CN % Yield | max rate {Tmax rafe
F .5~ |(by atoms] JuM/Zhe) | (hr)
x Urea | ﬁ”%&g%% 0 - 1" o —
L-Arginine -t | 6'4 59 67 74 .
Glycine -, 2.1 95 42 44
<m: . < , - - ‘
L-Lysine « ‘| 62 62 45 1, 16
&4 - , N ze
L-Glutamaie 5. 1 A5 58 .
 L-Valine 5 0 "0 —
q \‘.
L-Trytophan 12 .32 ~20~_ /118
L-Leucine 6l - 0 20 - R
Table 1. Parameters for the degradation of various

amino acidg and urea; all.ad@éd to qiveqlo.o AM.

Percentage yield, maximum r
-5
lag time to maximum rate og{degradation, (T

e of degradatlon; and the

max

rate)’

are all taken from the curves of figure 14.,See text.
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Subsirate CR | %Yield |max rate T max rate
(by atoins) (uM/Zhr) | (hr)
L-Arginine, - 64 87 Il [4o
| L-Citrulline 63 %0 | 77 o5
° g' > “
+ | L-Histidine 63 82 53 n8 .
L-Ormthine | 52 | 96 | 46 |75
' L-Aspariate 41" | 14 . 26 75
'| L-Threonine 4 | 0 0 o
L-Proline ' 51 95 19 7’5

-

a

E]

Table II.? Parameters fq; theadegraaatlon of various,
amino acids added to give 10.0 pM. Percentage yield,

maximum rate of degradation, and the lag time to maximum

rate ofudegradat%on, {T }, are derived from the

‘curves of figurg 15.

max rate

See, text for -details.
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. Table III.

Enantiomeric specificity of %

e

he argainine |

uptake system and.the induction of racemizing activity.

* The uptake systems were activated with either D- or L-

100 T} aliguots were removed from the flasks and inhibitors
were 2dded to the indicated concentrations 2 hours before

-~ @the test substrate was added to give a final concentration

of 10.0 pM.

vessels wds determined at the times aindicated.

-
- &

¥

=1

2

a

The amount of the substrate remaining in the -

~

-0

Pl

‘ 8

-

e

arginmine at 10.0 pM, the uptake curves are’given in fig. 2l.

Q
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<

Table IV. Substrate specificlty of uptake systems induced
by L-arginine, L~lysaine, L-ornithine, and L-~glutamate.

Uptake was 1nducej by substrate added to give 10.0 pM.

- N o

Uptake curves are given in fig 24. Test substrates were

added to 100 ml aliquots to a final concentration of 10.0
pM 18 hours after the depiétion of the inducing substrate.

+

Aminhd acid concentrations i1n the test vessels were deter-

mined 6 hours later. Aspartate and histidine uptake J
p . i,

measurements, had to be repeated 24 hours later; these

values, are given as % actavity (% substrate taken up)

because activity in the controls had dropped to 853,

53%, and 50% for L—,arglniné, ornithine, and glutamate,

4
& ° 4

respectively, over this‘®time period. The uptake system
for L-l§51ne,’whlch had a longer activation lag, vas fully

activated when the measurements were made. .
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TABLE VI.. Carbon Respiration and Nitrogen Regeneration .
Ratios Accompanylhg the Degradation of \L- Arginine, Glutamate,

121

[\

v

and Lysine.

[

A [

]

% substrate )

Substrate carbon

and- hours removed o
after its from

addition medium a551m11atedB resplredc 14CD fLuorescamineE
L-arginine o

20 22 7 e 32 68 - g -

36 29 30 270 ¢ 22 _ 4o

49 58 33 67 85 54 F

57 86 32 68 |, 94 86

70 88 . 30 70 92 86
L-glutamate ! -

20 7.6 38 62 - - ’

36, 67 . 47 - 53 zzf 25 2 ¢ N
o 49 97 2 41 59 - 35 36

57 - 96 36 164 38 39 .

70 96 " 32 68 38 38 /
L-lysine ,

20 1.6 66 34 - -

36. 2.6 59 ) 41 - - e .

49 3.0 + 49 51 108% 130 .

57 3.9 " 45 55 - -

70 9.9 38 1 63 - -

9 62 i 9 61 - o=

7 I /25 65 g5 © 77 ¥

1

DPM filter + DPM carbon dioxide, ;§E§§\d§51ntegratlons per’

total DPM recovered minute

DPM filter. -
DPM filcer + DPM carbon dioxide

DPM carbon dioxade o
DPM filter + DPM carbon dioxide > -

ammonia,concentration, where n = pg-at N/Hmofe of substrate

10 x n" x (&) a 1, or 2 for arginine,

4,
y . lutamate oxr lysine
ammonia concentration 9 b

lOn(lO—conc?ntratlon OF substrate a 4
" as determined by fluorescamine)

ammonia concentration determined by linear interpolation
or &ssumed to be the same as at the previous point.
Control value,, (no addltlons),'has been subtracted.
f
1) o (

»

- L

°

]

> carbon % carbon /¢ nitrogen released (rw’
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