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Nutfitional Studies of Marine Fungi Imperfecti with Emphasis <
5 oh Nitrogen Nutrition in Zalerion Maritimum '

. ‘ " | ABSTRACT

A continuous culture system was desighed fof the cultivation of

R marine fungi. Growth of Humicola alogailonell&}Méyers and-Moore, — -

Monodictys pelagica (Johnson) Jones, and Zalerion maritimum (Linder)

/
*

Anastasiou was higher in continuous culture than in batch culture.

(S

Experiments were carried out to eXplain the poorér growth in batch

culture. Experiments with reinoculated media showed that non-volatile
staling products were not present. Nutrient exhaustion was a_factor

. . . Y
in Humicola alopallonella. In all species, low pH conditions in

ammonium containing media limited'growth. Improved pH control was
obtained by substituting MES (2-[N-morpholino] chanesu$fonic acid)

. ) ’ \
for TRIs. (tris [hydroxymethyl] aminomethane). Chemical analyses of

nutrients in the nutrient solution indicated that phosphate was

o,

o

depleted in batch culture. . -

Tw
.

Two isolatés of Z. maritimum, ?MC and H 135, were used to study

%fIitrogeh nhtrition. Both isolates grew on each of NHuCl, NaNO3,

nd NaNOe, Of 21 amino acids tested, L-alanine and L-arginine
. . . "

—— A —

supported best growth of the FMC isolate. L-valine, L-alanine,

L-glutamic acid, L-aspartic acid, L-asparagine, and L-arginine

v

shpported good growth of H 135. Both isolates grew on peptone, urea,

iii



differed both qualitatively and quantitatively from batch culture

citpﬁlliﬁe! and allantoin. Résulpsrfrom the continuous system

results. In the FMC isolate, there was greater growth in batch
éﬁi%ure on L-glutamic acid than on the three inorganic nitrogen

Ik -
sources. In continuous culture, growth was equal on all nitrogen

¥

Nitrogen compounds were supplied in combination, and their
yemgyal frbm ﬁhe>nﬁtrient solution measured éhemically. Both isolates
took dp ammoniﬁﬁ in preferencg to nitrate. Although both isolates
fook‘up ammonium and nitrite,'ammoniuﬁ was removed at a faster pétqs
Iso;aﬁ; FMC preferentially took up L -glutamic aéid when supplipd with

nitrate. Isolate H 135 took up both compounds, the former at a faster

rate than the latter. .Both isolates took up ammonium and a group of -

eigﬁi amino acids, when supplied in combination.

Neither'isqlate demonstrated nitrogen'fixation, denitrification,

or nitrification. Zalerion maritimum had a pattern of nitrogen

nutrition similar to thaf® of the terrestrial fungi.
e ] . ) - o

ivz /
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The study of lignicolous marine fungi was begun by Barghoorn

A

Q1944) and Linder (1944) in a combined study of . the taxonomy and
v %
biology of marine fungl “This work included extensive taxonomic and
e

- physiological information and was followed by the "descriptive phase”

of’marine“mycologyﬁ*‘Tn‘the*next‘twenty*years*investigators described N -
"and 1lsted species from various habitats and geographical locations.

\
Taxonomic“and floristic studies are still an important part of marine

~ : e

mycology, because all the possible substrates for marine fungi have

not yet been 1nvestigated

During this period, mycologists also investigated the effects of '
certain marine variables on the growth and distribution of species.

' Temperature, salinity, and the ¢bmbined effects thereof were studied, - - S

both in the laboratory (Ritchie, 1957; Ritchie and Jacobsohn, 1963)

and in the field (Gold, 1959) 'S%bstrate preferences observed in the o 3
Kt
field were tested in the laboratory, and several species were shown to .

degrade cellulose-(Meyers and Reynolds, 1959; Meyers, Prindle, and

o

Y .
Reynolds, 1960; Moore and Meyers, 1962).

Hughes (1975) has written a comprehensive review of studies since

1961 on lignicolous, caulicolous, and foliicolous species. .In recent

years, the emphasis has shifted from descriptivevto nutritional and

physiological studies. The growth of marine fungi on various carbon

-




{
4

””'znxfTﬁiﬂﬂgﬁnrsburcES”fﬁidérﬁah‘aﬁd"vbﬂés, 1971; Sguros, Rodrigues, and

Simms, 1973) and the ionic constituents of seawater (Sguros and Simms,
196&; Jones and Jennings, 1965) have been inVestngtéd.i The.salinityr
requirements of both higher (Tubaki; 1966; Jones, Byrne, ahd'Alderman,
19?1; Davidson, 19745;chhaumann, 1974) and lbwer (Aiderméﬁ and Jones,

1971; Harrison and Jones, 1974; Bremer, 1974) marine fungi have been

studiedfwA?Padi%ional1y7+ei%her~radiai~growéhworﬂdryQQéighti*“*"ﬂ*
measurements have béen used to measure the growth of mar;ﬂe fungi.
Spore producﬁion‘(Meyers and Hoyo, 1966; Byrhe and.Uones, 1975b) and -
spore germination (Byrne and Jones, 1975a) are currently—béing used as

additional measures of physiological response.

+

In the 1970°s, there has been increased intereét in marine fungal

biochemistry. The production of metabolites such as choline sulfate

ester (Catalfomo et al, 1972-1973), ergosterol, and choline (Kirk and

Catalfomo, 1970) have been documented. Pathways of carbohydrate
metabolism such as the Tricarboxylic Acid Cydle (Vembu and Sguros,
1972) andithe Hexose Monophosphate Pathﬁay (Hoiligén and Jennings,
1972b; Lowe and Jennings, 1975) have been investigated. The marine
fungi have béen shownbto degrade such»environmentally important

compounds as cyclodiené pesticides (Quevedo, Sguros, and Thomann,

Despite our increasing knowledge of the biochemistry of marine

fungi, their role in certain essential marine processes ig unknown.

p:3
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One of the most important challanges in marine mycoldgy is to create
laboratory conditions which approximate the marine environment, and
thus allow an appraisal of the role of theée*organiéms in théir“

‘natural habitat. The goals of this thesis were as follows:
N
P
1. To develop a continuous culture system for the cultivation.of

filamentous marine fungi (Chapter I). -~ : |

2. To compare growth in(géhtinuous and batch culture and to

’determine what factor or factors affect growth in batch culture

. (Chapter 1).

{‘

3. To use the continlious system and the batch system to study

nitrogen nutrition in Zalerion maritimum (?hapter II).

4, To propose a hypothetical role for Z. maritimum in the marine
nitrogen cycle, taking into account the difficulties of
i extrapolating from in vitro studies to the marine environment

(Chapter II):
o
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» CHAPTER 1

Growth.of Zalerion ma;itimum,,Humicolé alopallonella, angd

. Monodictys pelagica in continuous and-batéh culture.

.
INTRODUCTION R

In early nutritional studies of marine fungi, growth was measured

" as increases in colony diameter on agar (Barghoorn, 1944, Johnson,

Ferchau, and Gold, 1959). This technique had the disadvantages that
thé nutrient solution could ﬂot be chemically defined during growth,
pH changes could not be monitored or adjusted, and no correlation
could necessarily be made between radial growth and fungal Siomass
(Mandels? 1965). Radial growth measurements are not generally used
for nutrit{pnal studies today, although they have ﬁéénwﬁséa ﬁo”stﬁdy
the effects of temperature and salinity on growth (Tubaki; 1966; |
Schaumann, 1974). The radial ‘growth technique was replaced by dry
wéight determination, in dkich fhe mycelium was removed from a static
liquid culture medium, dried, and weighed (e.g. Gustafsson and Fries

[1956]). This technique was then modified by incubating the culture

flasks on a shaker. This "batch culture" technique is now generally

used for nutritional studies of the marine fungi (Jéﬁéé‘éﬁa‘ﬂéhningST“*’““*“*““

i
5
z
E
i
3
E
E|
=
4




In this study, I attempted to increase the growth rates of marine
fungi grown in a chemically defined nutrient solution. Irdesigned a
continuous flow system for £hé cultivatioﬁ of filamentous marine
fungi,'ahd-compared thé growth therein with growth in.batch culture.

- Fungal growth may affec;’theréhemiga; environﬁéﬂtiﬁ»?a@cgu_‘/A*AAMA_APWA
,culture.v Firsg, one or mgre nutrientsrmay be exhausted. Second,
depenqipg upon the nitrogen source pH changes may occur. Growth on
ammoniuﬁ lowers‘pﬁf’wheregs growth on nitrate and organic nitrogen
‘raises pH (Sguros and Siﬁms, 1964). These changes may occur despité
_ the addition of buffer, or the buffer itself may be toxic to the
fungus (Cochrane, 1958) in éoncentrations high enough to compensaté,
for the pH efféct. Third, byproducts of fungalrmetabol;sm may affect
growth in a closed system. Niﬁrite‘may accumulate and be toxic in
acidic media containing NHuﬁ03. Rapid growth may be followed by
the production of staling products, metabolites which inhibit fungal
growtﬁ. Because marine fungi are natufally bathed in a renewable |
nutrient solution, the use of a continddus cultﬁre system may more
accuratel§¥detefmine their nutritional requirements. A continuous
syste;';houlq, theofetically, supply frésh nutrients, control pH

-changes, control osmotic changes, and prevent the accumulation of

toxic metabolites.

Terrestrial fungi such as Coprinus (Fries, 1956), Aspergillus

(Ng, Smith, and MeIntosh, 1973), and Fusarium (Steensland, 1973) have




,15%4“ _
begﬁigrbwn in continuous culture. Johnson and Gold (1959) designed a

féChniQue for the continuous recycling of seawater over marine fungi
growing on wood. However, all previous nutritional studies of marine

fungi have been carried out on agar or in batch culture.

Invéstigation‘df continuous culture techniques led to the

_ question of growth dynamics; why did growth stop in the closed system?

Was it due to’nutrient ekhaustion; if so, of which nutrient or
nutrients? Did staiing products inhibit growth? D{S/yﬁése species
grow determinately as dd higher glants’and some other fungi KGottlieb,
1971)? To answer these questions I compared growth in batch and
continuoﬁs culture, reinoculated used media with fresh mycelium, and
analy;ed spent medium for glucose, ammonium, nitrate, nitrite, and

©

'Aphosphate.

The three species used for the nutritional experiments were ~

Monodictys pelagica (Johnson)'Jones, Humicola alopallonella Meyers and

Moore, and Zalerion maritimum (Linder) Anastasiou. Each has been

isolated commonly from cellulosic substrates in B. C.* coastal waters
(Meyers and BReynolds, 1960; Hughes, 1969; Anastasiou and Churchland,

1969; Churchland and McClaren, 1973){ Zalerion maritimum and

ﬂ;fpeﬁﬁgica have been isolated from north and south temperate waters,

and occasionally from tropical and subtropical seas (Hughes, 1974).
Humicola alopallonella has been as frequently isolated from tropical

as temperate waters (Hughes, 1974). All three species are "marine™

-

N\



- "saltwater" fungus, as it has been found in a saline lake in Wyoming

have used two isolates, differing in colonial morphology and

o
i

|

|

|

|

|
|

sensu Kohlmeyer (1974), in that they both grow and reproduce in the

marine environment. 'MonOdictys ggiagicé'might bé better termed a

(Davidson, 19T4b).

The majority of the work in this thesis was done with the marine -

Imperfect species Zalerion maritimum (Linder) Anastasiou. Linder

(1944) originally described this species as Helicoma maritimum, and

separatedvit fromkg: salinum by the number of coils and septations in
&

the spores. In 1962 Moore and Meyers placed these two species in'the
genus Zalerion, which differgd from Helicoma by the presence of

constricted septa in the spores and by the number of gyres in the

spores. The genus was then divided by Moore and Meyers into fouf .-

-

PR
)

species (Z. eistla, Z.mneppura, g.'xylestrix,,and Z. rggtor), based -

R R

. .

upon colonial morphology, pigmentation, and cellulose utilization.

Subsequently, Anastasiou (1963) recombined the four species into one - .

species, Zalerion maritimum, which includedvthelﬂ. marigimum and H.
salinum described by Barghoorn and Linder. Anastasiou considered |
Meyers” four species of ialerion to be physiological variants, and
this interpretation is‘now generally accepted (Tubaki, 1966; Hughes,

1975) . Considering the physiological variability of this species I

pigmgntation, for most of the nutritional studies. -



~ The goéls of the ékﬁé;imeﬂts described in this cﬁapter'were’to
design a cdnpiﬁuous culture system for the growth of marine fungi, to
compare growthvin continuous and bétch culture, énd to‘determine what
factor or factors affected érowth in batch culture. These expefiments
were designed to ihcrease our understanding of the gréwth of marine
fungi, and allow the formulation of more balanced cultufe media for

future nutritional studies.
MATERIALS AND METHODS

A. Isolation of test species from the marine environment
’ /

- ?&
Monodictys ,pelagica H 317

/} . | \
~

Monodictys pelagica was isolated from a hemlock (Tsuga

heterophylla [Raf.] Sarg.) panel submerged .at 1 m for 2 months at
. .

Horseshoe Bay, British Columbia. The paﬁel was collécted in August,

——

1969.

H

Humicola alopallonella H 571

'

Humicola alopallonella was isolated from a cedar (Thuja plicata

Donn.) panel submerged at 1 m for 4 months at Cotton Point, Keats

Island, British Columbia. The panel was collected in October, 1969.



Zalerion maritimum H 135

Zalerion maritimum H 135 was isolated from a Douglas Fir

(Pseudotsuga ‘menziesii [Mirb.] Franco) panel submerged at 1 m for 1
_— a ) \
month at Horseshoe Bay, British Columbia. The panel was cbllected in
. ’ ‘ /’ - ' T -
July, 1969. A , e .

R ~—

Zalerion maritimum FMC
9

Zalerion maritimum FMC was A$olated_from a hemlock panel

submerged at'1 m for one month av_Libns‘Bay, British Columbia. The

panel was collected in, July, 1971.

>

Afterrremova; from the sea, thérpape;s were inqub;téd_(Jghnson
and Sparrow, 1961) 1-3 weeks at 20 €. A hypha (:as then removed from
the panel and placed on seawater agar (Johnson and Sparrow, 1961).
After autoclaving, 0.5 g/l of étbg;tomycin sulfate and 0.5 g/l of
Penicillin G had been added to the seawater agar. A single hyphai ﬁip
was taken from the-edge of the»resultant‘colony’and placed on.seawatér
agar without antibiotics. The cultures were maintained on

seawater-yeast extract slants aﬁ 4 C. To demonstrate variation in

'm6fphOIbgy’éﬁd'pigmentafion, the two isolates of Zalerion were
photographed after 3’Héék§L'gF§Wth on seawater-yeast extract agar at

20 C.



B. Media
The chemically defined liquid culture medium used .in the
nutritional studies was that of Sguros and'Simms’(1963),‘and contained T
‘glucose, 9.0 £; NH4N03, 0.4 g;‘K2HP04 . 3H20$ 0.06-g; THAM
© - - ¢ ] -

(tris [hydroxymethyl] aminomethane), 1.2 g; vitamins, trace élements, and 1000 ml

ofartifigiai £é5ﬁa£er gLymanwandiF%?ming, 19405; rfhe vitééiﬂémagre
added from a stoék solution Eo give concentrations of‘20 pg/l of
thiamine, biotin, pyridoxihe,ﬁgie?flavin, péntbtbé;ic acid, ascorbic
acid, inositol, choline, niacin, p-aminob;hgbic acid, and vitamin
B-1é. The trace elements were added from a stock.solutioh t; give a
congentration'of FeCl3, 1400 pg/l; CuSOu,,ZnSOH, MoO3,“10 "
pg/l} MnS0y , 24'pg/i. The artificial seawater was made using ' | '
distille& an :deionized'water. The nutrient solution (hereafter
referred ro as NSA) was adjustea torpHr7.5 kﬁ&diomeﬁef'pH ﬁeter,yﬁodél
22) by the addition of 1N HC1, filter sterilized (Millipore GS, -pore
~size 0.22p), and added aseptically to, stérile Erlenméyer flasks. |

Fifty ml of NSA were added to each 250 mlvflagk, except when otherwise

stated.

C. Inoculum preparation technique

Inoculunm preparation,tgghniqugaffailowedﬁihatmntngurns47Meyens4,,,,”mgf_ﬁufﬂ
and Simms (1962). Inoculum was taken from a seawater Yepst extract.

slant, placed on the center of a plate of F 1003 agar.(Sguros et al,



‘ I I I o o . )
.1962), and incubated at 20 C for 3 weeks. . A segment 0.5 mm in

e,

diameter was then taken from the edge of the colony and placed in 125

r3

ml flaské c;;ghining 25 ml of NSA. The flasks were then incubated at

. . . . 7 ) P -
20 C for 43 days. This differed from Sguros et al (1962) in &hé’ﬁse
of a chemically defined medium for the stat®e culture phase. The

-

inoculum was'then emoved from the 125 ml flasks,‘addéd to 50 ml of

artificial seawatér (ASW) in a Sorvall "Omnimixer", and macerated.

' v . /\AP& N
The average dry weight/ml of an inoculum sample was détermined., The
dry weight of the remaining mycélial suspension was then adjﬁEted-té y

-

hg/ml by dilution with ASW. One ml of this suspension was added to 50

S ‘ , . A .
ml of NSX'in 250 ml flasks, and inéubated on a shaker rotating at .66
rpm at room tempehature, 23 + 2C.» After 7 days growth the mypeiium :
was again removed, added to 50 ml giﬂ, and macerated for 20‘secon§s.
The mycelial suspension was then ceﬁtrifuged at 5,000 rpg'foﬁ 30

minutes, washed, centrifuged again, rewashed, and the dry weight of -

" the suspension adjusted to 4 mg/ml. One ml of this suépension was

]

used to inoculate each flask in the nutritional experiments.
Inoculated flasks were incubated at 23 C on a shaker rotating at 66
rpm for 7 and)or 14 days. vay weight was determined by filtering the
m?ﬁélium through preweighed glass fibre filters and washing thproughly

-

with distilled water. Filters were dried for 24 hours in a 60 C oven,

and the'pH of “the filtrgtg measured.

No, more than- three consecutive transfers were made on liquid

cultureimedium. This resulted from my observation that pellet

]



should be translated as "the best estimate of growth",'obtainable by

- mopphbibgy”aﬁa76}”ﬁigéfhféfidﬁ‘iﬁ”g: maritimum changed after a series

.of transfers in liquid culture media. Inoculum was stored Y days or

less at 4 C.

Because of the quantitative variations between inoculations: of | .
mycelia (cf. Davidson, 1974) comparisons in this study ﬁé:e made ¢
within experimentsionlyr"""”’ T |

; . P
r

Throughout this study, and throughoutlother»nutritionalrand

physiological investigatiohs of the fungi, the term "growth" was } )
S : E .

/ frequently used in place of the term "dry weight"a\sAlthough dry

weight 1s the most widely used and generally applicable method of

estiaating growth (Mandels, 1965), dry Hefght is not synonymous with

growth When grown in liquid culture Z. maritimum, H. alopallonella,

“and M pelagica formed from one to several pellets which increased in

-

volume. Wherqas a dry weight measurement represented the total

biomass of Ghe pellet, growth occurred only at the hyphal tips. 1In |
older hyphae‘a dry weight measurement may have partially represented
the accumulation of polysaccharides, lipids, or wall materials rather

than an increase in living protoplasm (Cochrane, 1958). Conversely,

"lprotein‘synthesis may have continued after dry weight increases had

S
e

A stopped.(Cochrane, 1958). The term "growth" when used in this thesis

measuring the dry,weight of the mycelium.

-



‘_'%,

D. Continuous culture apparatus

/ .

The continuous culture apparatus (Churchland and McClaren, 1976)
was modified>from Kubits ek (1970) and Fries (1956) ‘The SYQ&\T is

illustrated in Figs 1- . The 6L reservoir flask (B) flowed at a

constant rate despite changes in the height of the nutrient solution

- As nutrient solution “entered the culture\flask‘ét E“‘air was drawn

intggghe reservoir bottle through a sterile,cotton filter at A.  The

s
-~

o

flow rate was controlled by the height of the pressure head (the

distanee between the end of the air inlet tube and E) and the length
and‘bore of the capillary tubing (D). A‘pressure head of 42 cm and ?
capillary tubing.of 10 cm length'and 0.2 mm bore provided a flow rate
of u.o:s;o ml/h. The capillary tubing was joined to glass tubing 38
cm long'and 5 mm in;diameter.dxluo cm of high purity surgical grade ’;
latex rubber tubing connected the glass tubing*tO*thelreservoir_flask*

at C.
/ :

The 250 ml Erlenmeyer culture flask (F) was stoppered with a

cotton plug through which glass tubing was inserted. The liquid

medium drained through an overflow tube at G, contalning a ground

gl 33 fitting ®ttached to a sintéred glass filter. The culture flasks
37 -

S

were agitated bn a shaker rotating at'66 rpm. ' Four reservoir flasks

B T o e R b i it b B e el

supplying 16 culture flasks were used Each culture flask overflowed

at a volume of approximately 75 ml; ™
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Figure 1.

Diagram of a continuous culture apparatus for the growth of
filamentous marine fungi. A, air inlet; B, reservoir flask,
C, rubber tubing; D, capillary tubing; E, glass tubing;

F, culture flask; G, exit tube with sintered-glass filter.
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_ Figure 2. Photograph of a continuous culture apparatus for the

growth of filamentous marine fungi. : -
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A

Flow rates were monitored regularly by measuring the volume of

liquid medium leaving the culture flasks. S V(

2

t
L%

Early designs of the continuous culture apparatus substituted
surgical latex rubber tubing for the glass tubing used in the present
model. It was subsequently determined that all types of natural and

synthetic tubing tested were toxic to ohe or all of Z. maritimum, -

H. alopallonella, and M. pelagica. Lengths of sulfur-free, surgical

latex, and silicone rubber fubing were shaken in nutrient solution for
2 weeké and removed; growth wés assessed on these and control
solutions. The toxicaproperty Peft in the nutrient solution by these
tubings inhibitedvg¥6wth. Subsequently, the amount of tubing used was
reduced to‘the minimum necessary for adequate flexibility. Currently,
no more than 5 mm of tubing is exposed to the nutrient flow.

4

E. Comparativej growth in continuous and batch culture
X )

The nutrient solution for the continuous culture apparatus was

prepared as follows. Five liters of artificial seawater containihg

7.2 g THAM were adjusted with 1N HC1 to pH 7.0 and autoclaved; all

other NSA components were adjusted to -pH 7.5 and filter sterilized.

Autoclaving versus filter sterilization of artificiai seawater did not

affect growth of the three species. Both solutions were then added

— R

aseptically to the autoclaved reservoir flask. The final pH of'the ) .

nutrient solution was approximétely 7.7. The nutrients in the



.flasks usey in the comparative growth curve experiments contained 75

reservoir flasks stood for sqveral days to ensure lack of
contamination. The contents of the continuous culture flasks were
checked periodically for contaminatioh by inoculation_into'2216E
medium’(quell,'1946). The nutrient solution for the batch culture
flasks w prepared as described in (B) above. The batch culture

R

ml of 1iquid medium.

' The continuous culture flasks were inoculated with 4 mg of
inoculum 3 days before nutrient flow was begun, allowing a pellet to

be formed. For the comparative growth curves, three flasksjfréﬁ”Batch

“and continuous systems were removed every Y4 days for dry weight

—

-determination. Mycelium from each flask was filtered, weighed, and

x

‘the pH of the filtrate determined.

-

F. Expeiments with réinoculatéi“ﬁédia ~

Zalerion maritimum, H. alopallonella, and M. pelagica were grown
B

in NSA for 2 weeks. The "old"™ nutrient solution was then filtered and
divided into two portions; one portion was adjusted to pH 7.5 with N

NaOH, the other portion was left at the low§§H value producedAby the/

growth of the fungus: - ’These""pffadjustéd and tnadjusted solutions were

then divided intortwo~p§rtiens, andwfreshfnutrfeﬁts~aqded”tofonej**-"'*”"*“"ﬂ“*ﬁ
portion of each."Tﬁenty-five ml of these four solutions, artificial

seawater, aﬂd NSA were added to 125 ml'f{asks, inoculated with 2 mg

inoculum; incubated for 2 weeks, and the dry weight measured.

g

N

Somr
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G. Buffer experiments

The basal nutrient solution (NSA) was made up with .005 M, .01 M,
.02 M, .03 M, .04 M, and .05 M THAM and MES (2-[N-morpholino]
ethanesulfonic acid) respectively. Flasks containing these buffers

were inoculated, dry weightheasured after 1 and 2 weeks, and the pH

of the filtrate measured.

H. Nutr-ieh-/Ubtake Experiments
Two isolates of Z.'maritimum were gfoyn in NSA containing 0.02 M
MES instead ofvTHAM. TQ; medium was énalyzed evéry 2 days for
glucosé, ammonium, phosphate, nitrate, and nitrite. Six flasks of
each isolate Qere.removed from the shaker; three flésks were used for
dry weight‘and pH‘measurement. Three flasks were filtered and the F

filtrate analeed‘for’the abovementioned nutrients.

Analyses of all nutrients except ammonium were preceded by a
dilution of the medium with seawater or distilled water.. To obtain
calibration eurves NSA was made up at a range of nutrient

concentrations and diluted acordingly.

After a 1:3 dilution with ASW, glucose,was measured using
orthotoluidine (Hultmaﬁ, 1959). The absorption of the samples was

measured at 610 nm with a Bausch & Lomb Spectronic 20

Ay



spectrophotometer; .Nitrate'and nitrite were measured according ﬁo
Strickland and Parsons (1512)- The samples were diluted 1:200 witﬁ
ASW, and absorption measured a Spectronic 20 at 543 nm. Phosphate
was determined using the technique of Strickland and Parsons (1972).
Samples w;:é diluted 1:200 with distilied and deionizedeater, and
absorption measured with a 10 em cell at 885 nm on a Beckman DU

spectrophotometer: >

Ammonium was megsured usng a gas-sensing ammonium electrode
(Orion Model 95—10),coupled to a Fisher Accumetrmodel 520 digital
pH/ion meter. After alkalification of the nutrieét solution, ammphium
ion was cbnverted to ammonia gas which diffused through the
differentially permeable probe mémbrane;

> .

The terms "more" or "less", when used in the text to modify
growth or ion ubtake, mean significantly more or significantly less at
the 95% probability level. rThe stétisp}cal test used was either the
student T-test or the Student Newman Keul multiple range test, |

dependent upon whether comparisons were made %etﬁeen two or several

means.

&

3



pieces of my!élium which became separated from the main pel;et

AN

 were: the olive pigmentation in isolate FMC vs. grey pigmentation in

RESULTS
A. Growth of two isolates of Zalerion

Figures 3A and 3B show photographs of the two isolates after

growth for 3‘weeks at 20 C on seawater agar. Notable differences

Isolate H 1353 and the more distinct formation of radial zones by the

FMC isolate.
B. The continuous culture syStem

The apparatus (Figs. 1-2) was operated for 20 days or longer
without contaminati;n or significant change in flow rates. The
remo&éble sintered glass exit tubeq did not clbg'with'myéeliumvdUg;hg
the 21 d;y incubation périod, and were not rep;aced.'

2

C. Growth in continuous and batch systems

The growth rates of each species (Fig. 4) were higher in -
continuous than batech culture. 71In the case of Z. maritimum there was

a fiv;!fold difference in dry weight after 21 days. In batch culture,

‘did no

grow. In the continuous system mycelium continped growing op the

bottom and sides of the flasks. Occasionally more than one large : )
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Figure 3. Growth aof Z. maritimum H 135 and FMC on seawater agar.
—_— ———— .
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Figure 4. Growth.of M. pelagica'(A), H. alopallonella (B), and

Z. maritimum (C) in continuous and batch culture.

8 - growth, batch culture ®B-growth, continuous culture

O - pH, batch culture @ -pH, continuous culture ;
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pellet woulaaﬂe‘fOrmee? In z. ﬁaritimum the appearance of mycelium
grown in the two systems differed. After:87daye in batch culture, the
ﬁycelial pellet»was dark olive totblack and sporu}ating heaviiy.

After 8 days in continuous culture, the mycelial pellet was light,
diffuse, and produced very few spores. After 21 days, the mycelium
nearly'filled,the coefinuous culture flask, and had darkened in

certain areas.

When a myce}ial pellet of Z. maritimum FMC was transferred to a
continuous flask after several weeks’ incubation in a closed flask, a
halo of actively growing, light coloured mycelium developed around the

pellet within 48 hours. : . //~;\\\S(

o

The nutrient solution was not buffered by THAM when Z. maritimum

FMC was grown in either continuous or batch culture (Fig. 4). Growth

of H. alopallonella and M. pelagica in continuous culture was lower

than growth of Z. maritimum. There was no difference in pigmentation
or sporulation of the mycelium in either species. During growth of

H. alopallonella, the ‘'pH of the batch culture solution fell to 5.6,

whereas the pH of thé continuous culture solution fell to 7.0. The pH

of both solutions remained constant during growth oflﬂ: pelagica.

- : P N

D. Experimenpe with reinoulated media

After 2 weeks’ growth in NSA& Z. maritimum FMC had lowered the pH. -




¥

of the nutrient'solhtion to 4.2. Growth was poor on reinoculated, low .

pH media (Table I). More growth occurred on low pvaédia with than
without added nutrients. Growth on pH adjusted, reinoculated media
was as high as on N3A. Thenc‘w;s a greater pH drop aftervgfo;;h on‘pH
adjdsted media with than without added nutriehts. The mycelium |

growing in lbw pH flasks was beige in colour, whereas the myceliumTf '

L Hs

growing in all other solutions was black.

Growth oflgf pelagica (Table I) was pobr inﬂreinoculated, low pH
media (pH 5.5), Growth was'slightlyrincreased by‘the addition of
nutrients. Growth of M. pelagica in pH adjusted, reinoculated media
was greater than in N3A. Thgre was a g?eater‘pﬂ drop in pH adjusﬁéd
media with than without added nutrients. |

Growth of H. dlopallonella was lowest on low pH (5.4) medium .

ﬁithout added nutrients (Table I). Growth on all other solutions was
N _

equal,(éxcept for the higher growth on pH'adjusted media with added

nutrients. . - {

;
-

E. -Buffer experiments

2

.
e

.-At-all concentrations MES buffered more effectively than THAM

(Table II). Growth on media containing MES was slightly lower than

growth on media containing THAM. Each compound buffered more

effectively at higher concentrations. The higher concentrations of

#

" each buffer did not reduce growth.
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F. - Nutrient upﬁake experiments

When MES:-was substituted for THAM, the pH did not fall below 6.0
during growth of Z. maritimum FMC (Fig. 5). After 2 weeks’
incubation, 50% of the glucose‘remained in the nutrient soiution.
Ammonium but‘noé nitrate was removed rap?d;y dgr;pgkgrqwtﬁf"
Evapération from the shake culture flasks was approximately 11% in the
2 week incubation period, and may acdount for the apparent increase in-
nitrate concehtration.‘ Phosphate was rapidly removed and was pvesent
in trace amounts after 8 days. A similar pattern of hutfient uptake.
was shown by Isolate H 135. After 1l days, 85%.of the giucose

: ] ;
remained in the nutrient sélution. Ammonium was rapidly removed up to

but not beyond day 6. Nitraté was not removed from the medium and
apparently increased in concentration over the 14 day incubation
period. As in the FMC isolate, trace amounts of phosphate were

detected after 8 days. During growth of each igolaté the medium was

analyzed for the bresence of nitrite, and none was found.

DISCUSSION

Many filamentous marine fungi can easily be grown in axenic

culture on seawater yeast extract-medium. Yeast extract is frequently
ineluded in bothiiquidandsoiidmediaas”asourceofphosphoruéand":ﬁ&/'”
vitamins (Sguros and Simms, 1963). The growth of marine fungi in

L)

chemically defined media is poor in comparison to media containing
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Figure 5. Changes in dry weight, pH, and concentrations of glucose, — — - =

phosphate, ammonium, and nitrate dufing growth in batch

culture of Z. maritimum FMC and H 135.
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yeast extract. Some investigators have substituted yeast extraét ash

for yeast extract (Sguros and Simms, 1964; Sguros et _al,1973). The

chemically defined nutrient solution used in these experiments was
that of Sguros and Simms (1963); in which a mixture of vitamins aﬁ?

minerals was substituted for yéast extract.

The moderate growth rates shown by Z. maritimum,

H. alopallonella, ahd M. pelagica on the chemically defined’mgdium
suggested a,different system of'cultivation. In order to inchease
growth rates and approximate the conditions of the marine environment,
a continuous culture system was designed for the cultivation gf marine

fungi.

In the:continuous culture system, nutrients -flowed continuously

over a mycéliai pellet which was retained in a culturé vessel.

A .

Zalerion maritimum, H. alopallonella, and M. pelagica were suited to

cultivation in this apparatus because ﬁhe myceliél fragments usually
formed a single sﬁbmerged pellet soon after inoculation} The
continuous culture system was not a chemostat, in which stea@y étate
gro;th'conditions within the culture flask are maintained by a

constant efflux of homogeneous material. Although yeasts and some

filamentous fungi have been grown in chemostats, the clumping and wall

conditions difficult to achieve.



30

g»&ﬁe use of 250 ml cultﬁre'vesselS'aiiowed'a'comparison“Withftmﬂxﬂr“““‘”“‘f‘*
culture results.- However, if a higher biomass were required (i.e.,
should the marine fungi produce compounds of economic or biomedical

e

~importance), a larger culture vessel could be designed.
D
The flow rate of aproximately 4.5 ml/h was chosen to minimize ‘ ‘3‘
media additions to the reservoir flasks to oné~per 14 day period.. - In -
addition to the ingonvenience of makiné‘la;ge volumes of'media,
frequént opéning of the reservoir flask increasgzhthe risk of

contamination. The flow rate could easily be lessened or increased by

respectively lengthening or shortening the capillary tubing. ‘

It‘was impossible to analyze the growth curves obtained in either
batch or continuous culture according to any given mathematical
function. Terms borrowed from bacterial growth kinetics do not -
necessarily'describe fungal growth. Because growth of a filamentous
fungus is not'éutocatalytic, the "exponential growth phase" of the
bécterial growth curvé>is best termed the "phasé of rapid growth"
(ﬁandels, 1965) or the "linear growth phase{ in<the fungal growth

curve. Mandels (1965) has suggested that a Eg?earoot function

€

describes mathematically the growth of a fﬁnga pellet in shake

culture. However, the pellets of Z. maritimum, H. alopalldnella, and
3 o : o .
M. pelagica were too variable for the use of a cubical function.

o
3

Moreover, pieces of mycelium could separate from the main pellet and

attach to the sides or bottom of the culture vessel, forming new

Ny R TR

centers for growth. : 7 .




In continuous cultnre, grewth continued throughout theA21 day
incubation period. .The growth rate of each species declined in
continuons culture after day 16, possibly because of pH changes er'
because the fungus had expanded to fill the culture vessel. In batch
culﬁure, the duration of linear growth was dependent uponvcultural
conditions. In Z. maritimum, the most nanid growth was generally -
between M’and 8 days (see érowtn cnrvés in Chapter 11), foliowed by a

period of fluctuation in dry weight. Sguros et al (1962) partially

attributed dry weight fluctuation in Trichocladium achrasporum (Meyers-

and Moore) Dixon to autolysis, and stated that dry weights beyond 8
day; probably reflected the presence of deag and partially aufolysed
cells. In Z. maritimum linear growth could continue from 10 to 12
days or longer. In most experiments, growth measurements in batch .
culture were taken afﬁer 7 and 1h days. The 7rdey measurements should
represent the dry weight of activelj growing mycelium, whereas the 14
day measurements maj\partially represent the accumulation of
polysaccharides and other storage products in the -older hyphae. 1In
the continuous system, all experiments were harvested after 14 deys,

- during the period of most rapid growth'of each species tested.

The use of a continuous culture system showed a relationship -

between pigmenfhpnoanefion,dsporulation,wand cessation of growth in

Z. mparitimum, A pH change in the nutrient solution did not explain
' i . 14
the onset of sporulation; mycelium in reinoculated, lou pH media

produced few spores. Cochrane (1958) stated that- the major

!



stimulation to reproduction in the fungi was nutrient exhaustion.
Perhaps after several days in batch culture and 16 days in continuous

culture sporulation was stimulated by a lack of one or more nutrients.

Experiments were carried out to explain the different growth
rétes in continuous and batch cﬁlture, Peliets ﬁhichAhadfstopmai~f 
growing in‘a closed flask grew aggin when trénsferred to the
continuous culture system. Thus gfowth did not slow down in batch
culture due to a determinate size factor, as may ocdur‘in certaié\\
other fungi (Gottlieb, 19711. This result aiso showed that groﬁth was
nhot inhibited by an'intramycelial staling factor, which could be
transported from the older hyphae to the periphery of the.colony
(Molitoris, 1974). Experiments with reinoéﬁlated media Qemonstrated

.that there were no non volatile staling products present in the

nutrient solution. Only in H. alopallonella did nutrient exhaustion

appear to be a growth'inhibiting factor. .

-

A pH effect may explain the poorer growtﬁ shown by Z. maritimum,

H. alopallonella, and M. pelagica in batch culture. When ammonium is

used as a nitrogen source, the uptake of this ion and the accompanying

exchange of hydrogen ions from the cell generally results in a bH drop

in the nutrient solution (Sguros and ;Simms, 1963). The poor growth of

these three speéieéwinmécidib médiarﬁﬁé iﬁproved bywthe addition of
nutrients, which probably raised the pH or improved the buffering

capacity of the media.



Growth of Z.\maritimum and M. gelag;;aréauéeama greaterA;H drop

in reinoéulated, pH adjusted media with added nutrients, than in pH

ad justed medié without added nutriehts;_ There wass no growth

difference to cause this fesult. A possible explanation is that in

the solution without added nutrients, the ammonium was lahgely-
utilized during the first growth period. When the medium was
reinoculated, the funguslused nitrate in addition fo amménium.i Théwgﬁir
therefore did not fall és drastically as in. the med;a which had
received a‘fresh supply of NHMNO3;’A pH drop in a ﬁuthient

solution containing NHHNO3 is generally considered presumptive

evidence for the preferential utilization of ammonium (Nicholas,

1965) .

It is‘clear that THAM did not buffer the nutrient solution

effectively. For this reason MES, déscribed és a bioidéieal buffer by

Good et _al (1966) and used by Child, Knapp, and Eveleigh (1973) to
Buffer agar media during the growth of several fuhgal Speoies, was
substituted for THAM in certain experiments. Growth was slightly
lowerlon MES than on THAM; however, the former compound buffered more
effectively at all concentrations tested.

-

The question was next asked whether one or more nutrients would

limit growth in batch culture if the pH of the nutrient solution were ~
controlled. Glucose was not exhausted, and although a large part (HA

135) or all (FMC) of the ammonium was removed, a large supply of .



nitrate remained in the medium. Studies withrScopulariopsis

brevicaulis (Sacc.) Bainier (Morton and MacMillan, 1954) indicate that
after exhaustion of ammonium, nitrate can be used.- Both isolates had
removed all of the phosnhate after 8 days growth, at which time there

~-was a marked decrease in the growth rate. & similar test with

H. alopallonella and M. pelaéica showed thét they als3¢ removed the

major portionvof the phosphate from the nutrient solution.’

Growth did not stop in -batch culture simply because of phosphorus
limitation. Increasing the amount of phosphorus in the medium did not
markedly increase growth of either isolate. Possibly phosphate wae
removed from the nutrient solution and stored in an internal pool, as
is the case with amino acids (Nicholas, 1965) and ammonia (Hunter and

Segel, 1971). ‘Siegenthaler et al (1967) demonstrated an intracellular

phosphate pool in the marine Phycomyoete Thrauetochztnium noseum
Coldstein. 'If this were the case in Z. maritimum, phosphorus would
.not necessarily limit growth despite its ebsence from the nutrient
solution. 1In conclusion, the lowen growth inibatch ¢ulture was due to
cnanges in pH of the nutrient solution. When the pH wes controlled,
the results suggest that lack of phosphorus, possibly in combination .

with other nutrients, limited growth in batch culture

Since marine fungi in | nature do,not affect the pH or chemioalo

composition of the surrounding nutrient solution, the continuous

system may more closely approximate the marine environment than the
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batch system. The continuous sjéféﬁ hgyrallaﬁ the use of dilute -
media, thus more accurately recreating marine nutrient concentrations.
Despite thése advantages, the continuous systém should not'rep;ace the
batch system in all future nutritional studies. Problems of makfng
. . . Y

large volumes of media,llimited sample size, and size of apparatus

ﬁake this logistically impossible. Additionally, growth of ea;;\\\

mycelial fragment in continuous culture results in large dry weight'
variations. I suggesf that the continuous system be used in addition

to the batch system, when interferegce in growth from nutrient

exhaustion, pH changes, or staling products is suspected.

vIn summary, the moderate growth of Z. maritimum,

H. aiOpallonellg, and M. pelagica in chemically defingd media

suggested the use of a continuous culture system. Thé significantly
higher growth of all species in the continuous system led to an
invest;gatioﬂ of growth dynamics in the'batch sxstem. Analyses of
nﬁtrients in the culture medium and experiments. with reinocuiatéd
media suggested that pH changes and dep%etion of phosphorus and/or
other nutrientsklimited growth in batch culture. These results may
allow. the formulation of more balanced culture media for future ?

nutritional studies.

S — _ u
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The information on cultivation and growth which is presented in -

e . -
Chapter I provides the necessary background for-an understanding of

Chapter II, a study of nitrogen nutrition in Zalerion maritimum.

i



CHAPTER II T

Nitrogen Nutrition in Zalerion maritimum

INTRODUCTION

Various sfu&iésiﬁEQe"béén'dé}riéd butmdn fhé niﬁ?dééﬂ'

‘Pequireménts of terrestfial fungi. Many species (Sarbhoy, 1965; Said
and Harhash, 1966; Agnihotri and Vaartaja, 1967; Mitra and Tandon,
1970) use‘both inorganic and organic nitrogen. Some fungi (Grover and
Sidhu, 1965; Jones, 1965; Yusef and Allam, 1967; Stephen and Chan,
1970) grow best on organic nitrogen. Certan Phycomycetes cannot
metabolizé either nitrate or nitrite (Bhargava, 1945; Dayal, 1961; |
Barr, 1969, Nolan, 1970). Most fungi, when supplied with ammonium‘and
.nitrate; will prefehehtiaily uﬁiliie the fprmefr(ﬂobton énd'MacMiilén,
1954;'Nicholas,‘1965; Cove and Pateman, 1969)., Ammonium and nitrite
may be taken up éimultaneously (Morton and MacMillan, 1954). The
optimal nitrogen source and carbon to nithpgen ratio is not
necessarily the same for growth and fof spofulation (Yusef and Allam,'

1967; Aube.and Gagnon, 1969; Singh and Tandon, 1970).

 The fungi do not play the same role as the bacteria in the:

terrggpr@é}rnitrqggg cycle. There is no evidence that the fungi

- either fix atmospheric nitrogen (Benemann and Valentine, 1972) or

denitrify inorganic compounds to nitrogen gas (Nicholas, 1965). Eylar



and Schmidt (1959) and Hatcher and Schmidt (1971) have shown that soil

fungi such as Aspergillus flavus Link ex Fr. convert organic nitﬁogen
compounds tb nitrate. The main role of the fungi in the terrestrial
nitrogen cycle is to.break down organic molecules, and convert them to

simpler and more utilizable chemical forms.

Little work has been done on the nitrogen requirements of marine
fungi. Gustafsson and Fries (1956) studied growth of Pleospora

purpurascens R. Sant{ Zalgrion maritimum and Diplodia orae- maris

Linder on aspar ine,f(NHﬁ)ZHPOu, and KNO3. Johnson et _al

(1959) studied radial growth of several higher marine fungi on agar
made up with various nitrogen soﬁrces andrat various cafbon to
nitrogen ratios. Sguros and Simms (1963) studied the effect of

various concentrations of carbon and nitroggq on gypwth”of B

Trichocladium achrasporum, Humicola alopallonella, Orbimyces

spectabilis Linder, and Halosphaeria mediosetigera (Cribb & Cribb).
Holligan and-Jennings (1972b) investigated the effect of nitrogen
sources on carbohydrate metaboliém iﬁ Dendryphiella salina (Suth.)
Pugh and N%cot. Sguros et _al (1973) cérried out the most
comprehensive study to date of nitrogen nutrition in the filamentdus

marine fungi. They grew Halosphaeria mediosetigera, Humicola

" alopallonella, and Trichocladium achrasporyg on four inorganic
\

nitrogen sources and 34 organic nitrogen sources, including amino
acids, amines, and nucleic acids. Each was supplied singly as the

nitrogen source and growth measured by dry weight determination.



Sgures—etual {1973) also investigated the effects. of varying

concentrations of NH,NO; on growth of these three species. Peggrs

et al (1975) determined the mycelial free aming acidbcoﬁtent of ten

species of higher marine fungi.

@ X v . N 2 L
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Syudies'on the nitrogeh requirements of marine Phycomycetes were

carried out by Vishniac (1955), Goldstein (1963 a,b,c,), Goldstein and

" Belsky (1964), and Alderman and Jones (1971).

All of the abovementioned studies were carried out-either on
. soiig agar'or in 1liquid, batch culture; In this study a»continuous
culture system was used in addition to the batch. culture technique.

It was hoped that a continuous culture system would more closely

-

) aproximate the conditions of the marine énvi}onment. Additionally, it

was hoped that ’a comparison between the two ;ystepsrwduld show whether
] . - . .
cultivation techniques could affect nutritional results.- ” T

. Previous investigators have'supplied nitrogen sources Singly in |

the growth medium. In their natﬁral énvironment mgrine fungi are

supplied with various hitrogen sources, available frbm botﬁ the
’ -
cellulosic substrate and the surrounding seawater. In this study the

relative removal from the nutrient solution Of'combinations of

nutrients was determined by chemical analyses.
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411 of the huﬁrifidnéitéiﬁeriﬁeﬁfébin this chapter were carried

. e, ) '
out with Zalerion maritimum, chosen because of its common occurrence

I3

in températe marine waters and its possible impdrtanceAas a wood

~ decomposer (Jones, 1957-58). Because of the physiologiéai variability

/\ ‘ i R
s

of this fungus, two isolates were used for the ﬁéjority of the
experiments.

'The goals of‘the expériments deséribed in th;s éhapter were as
follows:: to determine tﬁe effect of growing inoculum on various .
nitrogen sources on subsequent patterns of ;itbogen nﬁtrition; to
determine what inqrgaﬁic and organicinitrogen sédrces were utilized,
and to compare these‘reSults with the availability of nitrogen in the
se;; to determine‘which, if any, nitrogen sources were preferentially
removed from the nutrient soiution;{to determine how much nitrogén was
necessary -for growth, -and how changes in C:N ratio affected growth.,
Additionally, an attempt was made to dgterﬁine whether g,rmaritimUm
could carry out ény of the conversions of the marine nitrogen cycle.

MATERIALS AND METHODS

Techniques of inoculum preparation, methods of cultivation, and“

the basal nutrient solution (NSA) were as described in Chapter I

unless otherwise spécified. Allrnitrogén sources were shpplied at a

.concentraton of 100 mg N/1 unless otherwise stated. Sample sizes for
each experiment were indicated on the corresponding,figures and

graphs.

T
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A. Growth of inoculum on various nitrogen sources

Portions of mycelium 5 mm‘in diameter of Z. maritimum FMC were
removed from F 1003 agar plates and placéd in NSA. NHuNO3 was
}{NaNO3, or l-alanine.. After 43 days.

replaced by NH,Cl, NaNO

4 2

Lgrowth the four batches of myceliumfwere m?cerated, quantified,vand
_ the inoculum adjusted to ¥ mg/ml. Ten flasks containing each ‘o*f;“th’c-:;'*"’  ——
four nitrogen sources were inoculated with mycéliﬁﬁ grown onlthe
correspdnding nitrogen source. After 7 days in shake culture, the
mycelium was maééréted, centrifuged, and washed;f!Inoculum‘grown on
NHuCl was used to inocﬁlate 10 flasks containingiNHnCl, 10 flasks
containing\NaNOz, 10 flasks containing’&aNO3, and iO flasgs
containing l-alanine. After 7 and 14 days in shake culture, the
mycelium was weighed and the pH of the nutrient solution measured.
) Inoculum grown.on NaNOé, NaN63, and l-alanine was treated in the o P

Same manner.
B. Growth on inorganic nitrogen sources

Growth of two isolates of Zalerion maritimum on various nitrogen/

sources was compéred in continuous and batch culture. The NHMNO3

in NSA was substituted by NéNoq, NaNO,, NH,Cl, or l-glutamic

acid. Each fo;hevfour reservoir flasks of the continuous system

~

contained one of the nitrogen sources. The culture flasks were

inoculated 3 days before nutrient flow was begun. “The culture flasks
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from the continuous system wqre removed for dry weight measurement 14

days after,inocﬁlation. The pH of the effluent from the continuous
system was measured every 2 days. Mycelial dry weightvand.pH in the
batch culture flasks was measured after 1 and 2 weekS8’ growth.
)
The effect of differeﬁt nitrogen concentrations on growth of Z.
maritimdmrin batch aﬁd continuodé culfﬁre ﬁas tested. 7Nﬁ4NO3:i£74d*W7irVWWWAhdm
NSA was substituted by 100 mg N/1, 10 mg N/1, 1 mg N/1, and 0.1 mg N/1
1of NaNO3. Each of the reservo;r flasks contained one Qf thése
solutions, and a fifth\peservoir flask contained_no nitrogen. The
culture flasks were inoculated 3 days before nutrient flow was begun,
and dry weight .measured 14 days after incubatioﬁ. The pH of the

effluent was measured every 2 days. The dry weight and pH of the

bateh culture flasks was measured after 7 -and 14 days.

The effect of various carbon and nitrogen concentrations on
growth in continuous and batch culture was tested. NSArwas prepared
with the following coﬁcentratiions of glucose gnd NaNO3: glucose
53.6 g C/1, Naﬁoé 100 mg N/1; glucose 0.36 g C/1, NaNO3 10 mg N/1;
glucose 0.036 g C/1, NaNO3 1 mg N/1; glucosezg.0036 g C/1, NaNo
0.1 mg/l. The experiment was carried out in batch and continuous

rgcultune,usinggidénticalﬁtechniquesmtomthegexperimenh;descnibed;aboye444u,44,44444




C. Growth on organic nitrogen sources.

1. Single amino acids

Growgg of Z.'mariﬁimum FMC and H 135 was tested in batch culture
in NSA to which 21 amino acids and NaNO3 ‘were added 51ngly as sole - nltrogen
sources. Two mg of inoculum were added to 125 ml flasks containing 25
ml of liquid medium. After 7 days in shake culture, the mycelium was

weighed and the final pH of the nutrient solution measured.

2. A combination of amino aéids
L-arginine-HCl, l-alanine, and l-glutamic acid were added singly
and in pombination to NSA in continuous and batchvculbure. The single
amino écids were addedvat a concentration of 100 mg N/1. The thrée
: . . : a
amino acids were added equally to give a total cpncentration of 100 mg
N/1. Dry weight was measure@ after 14 days in continuous culture, and
the pH of the effluent was meﬁsured ever& 2 days.‘ Dry.weight and pH

of the nutrient solution was measured in batch culture after 7 and 14

days.

3. Organic compounds other than amino acids
Both isolates were grown in batch culture on NSA'confaining urea, -

peptone, allantoic aeid,- allantomﬁutamiumtggsm acids, and

eitrulline as sole sources of nitrogen. Nitrate was included for

compérison with an inorganic nitrogen source. - Bacto-peptone and

vitamin-free casamino acids were added at concentrations of 0.6173 g/l



and 1.4285 g/1 respectively. These amounts dorresponded to . -
'approximately 100 mg N/1 (Difco manual). Dry weight of mycelium and
pH of the nutrient solution was measured after 7 and 14 days
incubation.

D. Removal of nitrogen source combinations from the nutrient

solution

1. Ammonium and nitrite

Isclates FMC and H 135 were grown in NSA containing‘SO mg N/1
. each of NaNO, and NH;Cl. In this experiment, two times the usual
phosphate concentration of .06 g/1 was added. MES was substituted for
TRIS at a concentraton of .02 M. At 2 day intervals, ‘three flasks
‘were removed for dry weight and pH measurements. Three additional
flasks were removed for determination of glucose, ammonium, nitrite;
nitrate, and p‘gsphate. The techniques for the analyses of these ions

were described in Chapter I.

2. L=glutamic acid and nitrate
Both isolates were grown in'NSA containing 50 mg N/i,éach of

l-glutamic acid and NaNO - MES was substituted for TRIS at a . -

43

concentration of .02 M. Every 2 days three flasks were removed for

dry weight and pH measurements. Three additional flasks were removed
for measurement of nitrate and glutamic acid. Nitrate was measured

according to Strickland and Parsons (1972). To measure glutamic acid,

>



the nutrient soiution was diluted 2:1W§{£ﬁ Aéﬁ: 'EHé'ml of ninhydrin

solution (100 ml 4N sodihm acetate buffér, 306 ml filtered methyl

cellosolve, 8 g ninhydrin, 0.16 g SnClz) was added tq 5 Qi of dilute

ndz;ient solution, mixed on a vértex mixer; and boiled for 30 seconds

(Shriner, Fuson, and Curtin, 1964). 'Aftgr cooling, the absorbance of

the samples was measured against an ASW blank on a Bausch and Lomb ‘
Spectrohic-ZO'spectrdphétbmeter at 570 nm. The results were compared
‘with a calibration curve obtained by adding ninhydrin to various

concentrations of glutamic acid in NSA.. A control of uninoculated NSA

was included in each analysis.

3. Ammonium and eight amino acids

Isolates FMC and H 135 were grown, in batch culture, in NSA which
contained NHu01 and- eight amino~acids (i-qspartic aciq, l-thrqonine,
l-serine, l-glutamic acid, l-alanine, l-valine, l-isoleucine, and
l-leucine). TRIS was replaced by .02 M MES. The éight amino acids
were each added at .05 mM/l, Eéuimolar concentrations of the amino ‘
acids were usedrin order to obtain peéks'of a similar height from the
amino acid analyzer. For each amino acid, .05 mM/1 corresponded to
approximately 14 mg N/1. Nine flasks were removed from.the shaker
after 3,6,9, and 12 days, Three flasks were used for dry weight and

pH measurements.riThgﬁgontents of three flasks were filtered

(Millipore HA, 0.45p) and ammonium measured in the filtrate.

Ammonium was measured according to Strickland and Parsons (1972).

Absorbance was measured on a Beckman DU spectrophotometer at 640 um.
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Fach sample was diluted 1:200 with distilled water and results . .
compared with a célibration curve. The calibration curve was obtained//,
by pneparing a range of éoncentrations of NHuCl in NSA, followed by
a 1:200 dilution with distilled water. ' '

The final three flasksrwgre removed every 3 days for extraction
and analyses of the eightiamindfaq;dg,' Forty ml frnmrgggnﬁflgﬁgf;ggg,,f
filtered and frozen at -20 C. At the end of the experimenﬁLI period,
all test flasks plus three uninoculated control flasks Qere frgeze
dried in a Virtis Unitrap freeze-dryer, Model No. 10-100,'ﬂfﬁé flasks
were then desalted using the solvent extraction technique of Smith

7 C

(1960). Samples were extracted three times with 1Q nl of acetone
containing 5 ¢ 6N Hél. One ml of distilled water was’added, the
sample plaqed in ice, and the acetone blown off with forced air. Ten
miiof distilled water were added and nhe samples nefnigergted atru:c.
Amino acid concentrations were determined by adding 0.1 ml of sample
to a Beckman:Model 119 automatic émino acid analy;er. Those sanples
containing low concentrationsaof amino acids were added 1n quantities
>0.1 mi. Three flasks of uninoculated medium were frozen, extracﬁed,
and added to tne amino acid analyzer as standards. The accuracy of -

,thé column data was #*10-15%. The analyses took 3 ﬁeeks, after which

the amino acid concentrations of the control flasks were remeasured.
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E. Conversions of nitrogen

In order to determine whether Z. maritimpmAFMC and H 135 grew
anaerobicaliy, mycelium was transferred onto eight seawater agar
plates. Four were placéd in a Brewer anaerobic jar containing a BBL
GasPak, and four were incubated in alr. The GasPak generated
sufficient H, and_CO2 to create an anaerobic environment. Both

isolates were also grown in a candle jaf.

1. Nitrogen fixation

The nitrogen fixation test was adapted from Postgate (1972).
Both isolates were grown in test tubes containing NSA without
nitrogen, with 15 371 of agar. The Slants were incubated in air and
in a candle jar. After 2 and 6 weeks, the cotton plugs were pushed

inside and serum stoppers placedvon'the end of each tube. Five cc of

acetylene were injected into each tube, and into an uninoculated

control. Gas samples were ingdected into a Carlo Erba Fractovap Model

N

GV Gas Chromatograph, and the resultant peaks compared with standard
acetylene and ethylene peaks. In case the addition of 5 ce of
acet}lene was toxic (acetylene would then constitute 25% of the gas

vp;ggg)irépe experiment was repeated using 1 cc of acetylene.

Y
s

2. Denitrification
Two methods were used to test for denitrification by Zalerion

maritimum., Test tubes conﬁaining nitrate broth (Difco) were made up
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with artifieial seaw;ter. Inverﬁed Durham tubes were added and the
t;stvtubes were autoclaved. The tubes were inoculated with a heavy
suépension of FMC or 135, tighfly sealed with screw caps, and shaken
such that the mycelium went ins£§e the Durham tube. The tubes were
observed for b weeks for formation of;gas inside the Durham tube.
Additionally, nitrate agar (Difco) was made up with artificial
seawater and poured ;nto'the Sottom of test tubes. Stab cultures were
then made of Isolates FMC and H 135. Cooled nitrate Agar was pouged

overtop of the first agar layer. These cultures were observed for y

weeks for any evidence of gas formation.

To test for formation ©f nitrite and ammonia from nitrate, FMC
and H 135 were grown on NSA in which NéNOé w%sithe sole Aitroéen 7
source. After 7 and ih days in baﬁch culture, &Preg flasks of each
isolate were remévgﬁ? filtered, and the filtrate analyzed for nitrite
and ammonium. Nitrite was measured according to Strickland and

Parsons (1972) and ammonium was measured with the ammonium electrode.

3. Nitrification

—FMGJandﬁ435«were~grewn7—infcontinuouSAand—batchAcuiture7gonwNSAMQ”“AAF*"‘
containing NH,Cl as the sole nitrogen source.- -TRIS-was replaced by — — ———
.02 M‘MES. Batch culture flasks we;e removed after 7 and 14 days,.

filtered, and analyzed for nitrite and nitrate.



RESULTS | | &

A. Growth of inoculum on various nitrogen‘50qrces
Table III shows the results of growing inoculum on a variety of

nitrogen Sﬁurces.‘ Inoculum grown on l-alanine grew best on l-alanine -

A

after both 7 and iu days incubati;n. Growth was less and equél on
NaNO3, NaNOZ, ahd NHuC1, Inoculum grown on NHMCI grew equally

on all four nitrogen soupces after 7 and 14 days. Inoculum grown on -
NaNO2 grew best on NaNO2 and l-glaniné affer 7 days. After 14
days,'growth was higher on l-alanine than on the other three nitrogen
sources. Inoculum groyn on NéNO3 grew best on l-alanine and NaNO3
after one weeks’ incubation. After 2-weeks® incubation, there was no

-,

differenée-in growtﬁ between the four nitrogen sources.

S

B. Growth on‘inorganic nitrogen sources. .

1. NHyCI, NaNO3, NaNOZ, and l-glutamic acid
Both isolates of Z. maritimum utilized each of l-glutamic acid:
NHuCl, NaNOZ, and NaNO3 in continuous and batch culture (Tables

IV-V). Growth of both isolates was highest on the organic nitrogen

source after 1 weeks’ incubation in batch culture._ After 2 weeks in

. T [ ',57 - - - B o
batch culture, growth of Isolate FMC was highest on the organic
nitrogen source, and growth ofiIsolate H 135 was equal on all nitrogen

sources. Growth of isolate FMC was higher in batch culture after 1
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week in the ahmqg;um containing media-th;n'in media containing nitrate
or nitrite. After 2 weeks’ incubation, growth wés eﬁuivqlent on'the

three inorganic nithogen sources. Growth of both isolates lowered pH
in batech culture medium coqfaining ammonium. In batch culture, the pH
of media containing hitrate, nitrite, or l-glutamic acid was raised by

growth of Isolate FMC.

In continuous culture, there was no‘differéncevin growth on the
various nitrogen sources. Isolate H 135 grew iess in 2 weeks than did
FMC and caused,little pH change in the/éontInUOus culture m@dium.
There was a steady pH drop (Fig. 6) when FMC was grown in continuous
culture on ammonium. When isolate FMC was growﬁ without nitrogeh in
continuoﬁs culture the mycelium became very black éna sporulated
heavily. This contrasted with the‘iight éoloﬁred, ;sporogenous
qyce;iuﬁ‘in all other flasks.

- R .
2. Various concentrgtions of nitrate.
In both continuous and batch culture, growth-of Iéolite Fﬁc

(Table VI) was equal at 100 mg N/1 and 10 mg N/1. There was no

difference in growth, in continuous and batch culture, between flasks
N ' - ) ,

with 1 mg N/1, 0.1 mg N/1,-and no nitrogen. Growth in continuous

culture was higher than growth in batch culture at all concentrations.

" “tested. Growth was also tested (unpublished results) in NSA

. - P -
- eonEaIﬁIng‘ZOO*ﬁg‘Nll.' Growth in continuous and batch culture was

equal at 200 mg N/1 and 100 mg N/1. The lower the copcentration‘of



~ . - ‘ . B .
Figure 6. Changes in pH during growth of Z. maritimum FMC in continuous
culture. - e
2
<
. /
i ’
ﬁ ¥
N ) \ I
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nitrogen, the darker the pigmentaton Af mycelium in. both culture

systems.

Zalerion maritimum H 135‘(Table 1Y) grew equally in continuous

Culture at 100 mg N/1 and 10 mg N/1. ¥4 bg}ch”eultnre, growth wag
lower af 10 mg N/1 than at 100 mg N/1 yrteb one weeks”’ ihcubéfibﬂi
Growth at 1;mg'N/l, 0.1 mg N/1, and op NSA without nitrogen was equal
in batch culture and- equal in continugyy culture. The pigmentation of
phe mycelium was light at all concentrﬁtions both in batch and

.continuous culture.

3. Various concentrations of nitrate jnd glucose

There was progressively'loﬁér growtn of 2. maritimum FMC in batch
“and continuous culture as concentratiofs of nitrate aﬁd giﬁébée were
lowered (Table VIII). In batch culturA, growth was equal at 1 mg N/1,,
0.036 g C/1 and 0.1 mg N/1, 0.0036g C/%, At the two lowest -

concentrations, the pigmentation of thA wycelium was very dark in both

continuous and batch culture.

Zalerion maritimum H 135 (Table 1¥) grew as well in continuous

at 0.1 mg N/1, 0.0036 g C/1. 1In batch vylture, growth was greatest at
the highest concentration of carbon and Ritrogen. Growth was higher

at 10 mg N/1, 0.36 g C/1 than at 1 mg N/L, 0.036 g C/1 and 0.1 mg N/,
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0.0036 g C/1. Growth of both isolates was higher in continuous than

batch culture at all concentrations tested

L. Growth on organic nitrogen sources

1. Single amino acids ’

! Although ‘H 135 and FMC 1 grew to ‘a 1imited extent on nearly all
of the 21 amino acids tested (Table X), only a few supported good

"
growth. Isolate H 135 grew best on l-valine, l-alanine, l-glutamic

acid, 1-aspartio acid, l-glutamine, l-asparagine and l-arginine.

a Isolate FMC grew best on l-alanine and l-arginine. Both isolates_grew

& ) :
poorly on l-glycine, l-methionine, l-cystine, l-lysine, and .

l-histidine. A yellow green diffusible pigment was produced by .

Isolate FMC in those flasks which conteined ring-containing amino

-

- acids.

2. A combination of amino acids

In continuous culture, both isolate's grew as well on single amino
\ .

‘acids as on the combination of amino acids. Growth of Isolate FMC
(Table XI) after 7 days-in batch culture was higher on l-alanine and
the three amino acid mixture than on l—arginine and l-glutamic acid.

After 14 days, growth was equal on all four n;tggggn_ggg,geaL, In -

containing l-arginine-HCl l-glutamic acid and the three amino acid

©

mixture.



_Table X. The effect of single amino acids on owth of Z. marktimum
FMC and H 135 in batch culture. f

e

4

Ve
5 ,
’ ) Isolate FMC ' Isolate H 135
* Amino acid Dry weight Final pH Dry weight Final pH
Moncamino monocarboxylic
L-glycine j2.1* . 7.8 7 115 8.0
o <0.4** ) -0.6
L-leucine 15.9 7.3 l6.0 7.1
-2.3 » -1.3
L-valine : 17.0 6.8 £4L1 7.1
~1.5 -1.3
L-isoleucine 16.0 7.6 }7.1 7.4
: -1.2 -0.5
L-alanine £6.0 v 7.5 £3.2 7.1
: : -0.2 T T =3,2 ’
Z
L-proline | 13.2 7.7 71, 7.4
-0.3 . ~1.4 7
Monoamino dicarboxylic
L-glutamic acid 14.3 7.7 1.4 7.5,
: K =-1.2 -0.5 '
L-aspartic acid $8.9 7.9 £3.7 7.7
-0.8 -2.3
Diamino dicarboxylic
'irghmmﬁmeﬂﬁm‘“”’f‘”"j}?f“’ 7.77)4‘1§jf 7.5 -
~0.7 : -2.0 < - o
L-asparagine 8.5 7.9 o 23.4 7.5
~0.8 ‘ -5.9



B -alanine -
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J§ 61
Table X (continued)
Isolate FMC Isolate H 135
Amino acid Dry weight Final pH Dry weight Fihal pH
Ring-containing
L~tryptophan 3.8 7.2 13.4 7.4
1 ~0.7 -2.5
L-tyrosine 17.4 7.5 16.7 7.6
, -1.5 -1.0
L-phenylalanine l5.5 7.2 '$5.6 7.3
~-0.1 -2.4 )
Sulfur-containing
L-methionine 2.4 7.5 1.9 7.3
-0.6 ‘ . -0.9
L~cystine 0.9 7.7 1.5 7.8 °
-0.9 o .. =0.5
Basic’
L-arginine HC1l 0.6 5.8 34.2 6.4
-1.1 -0.5
L-lysine .9 : 7.7 _ l2.1 7.6
. -1.3 . -0.7 -
L-histidine .0 8.0 - }3.2 7.8
-0.7 -1.1
With hydroxyl grggps
L-serine ...~ 161 7.5 1 4.4 7.4
-1.6 -1.1
L-threonine 13.4 7.5 13.6 7.4 -
-0.7 -0.5
Other



o &2
Table X (continued)
Isolate FMC - : Isolate H 135
Amino Acid o Dry weight Final pH Dry weight Final pH
No nitrogen : i.l L 7.4 1‘.7 ‘ 7.8
- ‘ -1.4 - =-0.8
NaNO : ) 11.7 7.9 30.8 7.4
3 a T )
; ~0.9
Note: -* = mean ** = standard error ‘ sample size = 3
'S' j
- Fo
S S A - —_——
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Growth of Isolate H 135 (Table XII) was equal after 7 days in
batch culture on all four nitrogen sources. After 14 days, growth was
higher on l-arginine and l-alanine than on l-glutamic acid and the

amino acid combination.

3. Growth on organic nitrogen sources other than amino acids

WZalariQnmmanihimum”EMCﬁ(IablewXIII)anew,on,uneapreptone,f,
vitamin free cgsamino acids, allantoin, allantoic acid, and
citrulline. Growth.was poorest on allantoic acid, best on urea.
Zalerion maritimum H 135 (Table XIV) grew on urea, peptohe, vitamin
freeucasamino acids, allantoinJKAnd'éiprulline. Growth on citrulline

occurred during the séconq week but not the first week of incubation.

Isolate H 135 grew best on urea and peptone.
D. Growth on combinations of nitrogen sources . . R

1. Ammonium and nitrate

The results in Chapter I showed thét both isolates of o
Z. maritimum took up ammonium in preference tovnifrate. Nitrate waéf
noﬁ uéed by either isolate during the 14 day incubation period.

)

2. Ammonium and nitrite

¥

Zalerion maritimum FMC took up nitrite and ammonium

*

7éiﬁﬁltaneously from the nutrient solution (Fig. 77). Ammonium was ;

removed at a faster rate than nitrite. Phosphate uas'not‘ethusted

w
- ™ .
: \ “
N
Nl
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FigureiT. Changes in dry weight, pH and concentrations of glucose,

P

phosphate, ammonium, and nitrite during growth in batch

-culture of Z. maritimum FMC and-H 135.

®- FMC, W -H 135.
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during the 14 day incubation period. 1Isolate H 135 (Fig. 7) removed
ammonium rapidly from the nutrient solution during the first U4 days of
growth. Nitrite was not ggken up until day 4, and was then slowly
taken up for the duration of tbe experiment. After 14 days, 11% of
the phosphate remained in the nutrient solution. Neither isolate

excreted nitrate at any time during the experiment

3. Nitrate and l-glutamic acid

The two isolates responded differently to the presence of these
two nitrogen sources>in the nutrientvsolutiqn (Fig. 8). 1Isolate FMC
preferentially took up the amino acid, exhausting it .from the nutrient
soiution after 9 days. Nitrate was not removed from the nutrient -
solution during the 14 day incubation period. Isolate H 135 took up
l-glutamic acid exclusively until day 6, whereupon the nitrate was

removed, in smaller quantities, along with the l-glutamic acid

4. Eight amino acids and ammonium

Zalerion maritimum FMC (Tablé XV) rapidly removed l-threonine,
l-serine, l-alanine, l-valine, l-isoleucine, and l-leucine from the
nutrient solution. The levels of l-glutamic acid and l-aspartic acid

were com;aratively high and variable throughout the experiment.
. - -*

~Measureable concentrations of tyrosine and phenylalanine were detected

after- 9-and 12 days. Ammonium was rapidly removed during the first
three days of incubation. The ammonium level then rose and stayed

relatively constant for the duration of the experiment. Despite the
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Figure 8. Chaﬁges in dry weight, pH, and concentrations of l4glutamic

acid and nitrate’during growth

maritimum FMC and H 135.

@ - FMC, M- H 135,

N

in batch culture of Z.

-
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culture. . - .-
. &
Concentration M *
. Before : T . .
Amino acid Inoculation Day 3 Day 6 Day.9 Day ‘12
Aspartic acid 50 40 2 4 4 A
; §7.3. §9.7 %14.6 ,gg.sﬁ : K
Threonine 50 9 8 8. 4 N
: B0 Ho tys I2.8
Serine : 50 44 L33, 13 1 .
I5.3 - - 6.2, ,’i-e;o I0.04
- Glutamic acid - 50 iS- 12 3 . ';o
- : - -4.4 -2,9° -13.1 -26.8
Alanine 50 37 26 . 33 o
A -+ .
3.4 . Z2.3 22.0 '
valine 50 "8 1 0 0 *
, 21.7- 20.2
Isoleucine = ™ 50 30 3 94 o0
, -2.0 -0.6. ——~0.4 '
Leucine .50 0 2 .5 .2
- gz.or ,»%o.e g0.4 .goaz
NH,CL (mM) 3.56 - 1.39 2.42 .58 3.30
. ' -0.23  -0.30  -0.22 20.43
Dry Weight (mg) » 14.5 33.9 41.2 45.2
' . Z0.1 4.8 <4.3 25.3 .
Final pH 7.5 7.3 6.4 6.3 5.9 .

Table XV. Changes in concentrations of amino acids in
solution during growth of Z. maritimum FMC in batch

*

the nutrienf?

i
o

1

Note: Numbers are means of three samples

A

+ . .
~ one standard error.
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addition of MES, the pH fell to slightly below 6.0 during the

M
experiment. Isolate H 135 (Table XVI) took up, to seme extent, all of
v - Lok .o . )

the amino acids supplied in the nutrient solufion.‘ L-aspartic acid,

l-alanine, l;véline, l-isoleucine, and l-leucine were taken up at a

faster rate than were l-threonine, l-seriné,"and,l-g;utaﬁiq‘acid.

There was more variation in amino acid concentration measurements. ... . .

after.9 and_1é'days ihcubation than there was after 3 and 6 days 

incubation. Isolate H\W35 removed ammonium from tHe nutrient solution

throughout the growth period.
E. Conversions of nitrogen sources
: Y

1. Nitrogen fixation
Both isolates grew on agar without,nitnbgen.,vAcetylene,was not

-

redpced‘by any of the samples tested.

2. Denitrification
When groﬁn on nitrate- agar and nitrate broth, there was no
measureable N, production by either isolate. Neither isolate grew

in the stab culture where the conditions were\anéerbbic."

@ 3 < . E ERS

s

A

When isolate FMC was grown in NSA containing nitrate, nitrite was

¥

detected in the nutrient solution after 1 anq:2 weeks  growth.
Nitrite was detected after 2 weeks’ growth of Isolate 135. There was
no measureable ammonium produced by either isolate, ‘ﬁﬁe ammonium

o+



Table XVI. Changes in concentrations of amino acids in the nutrient
solution during growth of Z. maritimum H 135 in batch

. . + ' ’
Note: Numbers are means of three samples - one standard error.

culture.
5 . ) 4
. Concentration UM
- , Before
| Amino acid  Inoculation = Day 3  Day 6 Day 9 _ Day 12 -
Aspartic acid 50 9 | 6 27 .. 5
T %1.1 %0.9 %6_% %5.4
Threonine 50 - 9 2 27 7
' . ‘ %2.5 ’ %1.6 ' %6.6 %1.4 : .
Serine - o §g 1 %i 3 —; 2" %g 2
" Glutamic acid 50 2 1 4 2
s BTV
_l;Alanine o 50 35 29 2 26
SR =2.7 21.2 29.0 Z3.3
valine . 50 0’ 0 7 1
R , , %2.7 . %2.0 - 5.9- 777%5.1
Isoleucine 50 2 7 9 1
o | %8 .%2.3 4 %8,3
Leucine 50 . 3 5 14 7 .
. §2.7 . %2.6 3-E7.4 %5.7 '
NH C1' (mM). 3.56 .78 17 w0.91 .85
4 - %d.aé Z0.01 ' L%0.1‘7-, go.l
-Dry Weight (mg) 16.5 3.8 1.3 6.1
_ | SR S A Ay
Final pH 7.5 7.3 6.8 6.6 - 6.7




Vdoncentbations»in the inoculated solutions after 1 and 2 weeks’

incubation were lower than in the uninoculated control.

3. Nitrification
Neither isolate excreted measureable amounts of nitrite or

nitrate after 1 weeks’ gbowth on NSA with NH),Cl as a nitrogen : X

source. | ‘ | -(:\

» ) ' .
The observation was made that although Z. maritimum FMC did not

gbbw anaéfobically, grbwth on an agar plaﬁe incubated in a candle jar

was gre{te? ﬁhén growth in air. After 3 weeks”’ incubation, the

diameter of colonies grown in candle jars was approximately 15 mmi

greater than colonies grown in air.

Figure 9 summarizes the hypothetical role of Z. maritimum in the

marine nitrogq(cyc le.
o

DISCUSSION

N}trogen nutrition in Z. maritimum will be disdussed, followed by

a compariéon of these re§u1ts with the availability of nitrogen in the

- sea.

The effect of growing inoculum on various nitrogen'sources on

patterns of nitrogen nutrition has not been investigated in marine
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Figure 9. Summary diagram of nitrogen nutrition in Z. maritimum.

}\Qy
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’ ‘nitrogen'source (in this ease alanine) generally supported the highest

growth. Inoculum grown on NaNO2 grew;better oanaNO2 than on the

T " L C s . el
) B - ‘ \4’ .‘> ' . : )
L T s a3 M 76
o ﬁ"} i L B I . -//?(’
.. . A o v"/* _‘ ‘ R .:" ‘*;? ) ) A . — )
%} fungi A ;;IE’EE;dy demonstrated that growth was'partially'dependentA
upon the nutritional history of the inoculum. This was'evident after -
}xweek of incubation before the mycelium had "acclimatized" to the
B : e RIS
- nitrogen source. Despite the history of ‘the inoculum, the organic

-

~(Vacearo, 1965) support’ growth of g;-maritimum.« This species can

other inorganic nitrogen’sources; inoculum groun‘on NaN03 grew

Dbetter on NaNO3 than on the other inorganic nitrogen sources: It 2s

posSi ble that the enzymes necessary for-the -reduction of nitrate and

AN

nitrite-were induced when the inoculum was grownton‘tne corresponding
nitrggen source..'There would therefore be no lag'period necessar§ for
the synthesis of nitrite and nitrate reductase wgpn the inqggiym,was

transferred to fresh medium. Inoculum grown in ammonium did not

- S e

prefer ammonim to other inorganic nitro'pn sources. Possibly the

inoculum was affected by the low pH conditions produced by the uptake v

The results from'tﬁernitrogen utiliaationistudies‘indicate’that

-

all three of the inorganic'nitrogen'sources commonly‘found in the sea

-

apparently use any one of nitrate, ni e, or ammonia to synthesize

3

©of this fon. L : - - \\w/

G

the amino acids necessary for mycelial_protein JUtner 1nvestigators.

nave‘aiso‘demonstrated‘tﬁat‘martne‘fungi‘can*grOWAonfinorganic*sources
of nitrogen.v Sguros et al (1973) found that ﬂg g Qﬁgegia
msﬂi_ﬂegissze, Izighgslaﬂinm aﬂh:asngzum and Humiggla alnnallgnella.
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grew on each of NH),C1l, KNO;, KNO,, and NH4N03:_ Johnson gt P fet 5
v e . ) .
gg; (1959) found that 21 species of higher marine fungi grew on agar
"econtaining NaNO3, KNO3, and (NH4)3P94. Tubaki (1966) showed
¢ that onermarine fungus gould utilize the end product of nitrogen //ﬁ\\/

: . -
reduction by another marine fungus. He demonstrated that

Ceriosporopsis halima Linder could grow on nitrite containing media

only when cultivated with Corollospora’maritimé-Werdermann, the formef
\ : . -

spécies utilizing the ammonium produced after nitnité reduction by the

%  latter species. - - -
3 : p ) < .

In contrast to the higher marine fungi, marine Phycomycetes grow I

poorly on inorganic nitrogen sources. Alderman and Jones (19719 ' -

-

demongtrated that Althornia crouchii Jones and Alderman did not use

‘nitrate or ammonium( VThraustochytriﬁmfmultirudimentale,qpidgpein and . .

. T. motivum Goldstein (Goldstein, 1963a) did not use KNO, or

(NHulstu. Thraustochytrium roseum (Goldstein, 1963c) and

Schizochytrium aggregatum Goldstein (Goldstein and'Bélsky, 1964) grew

. ' ~ _
poorly on (NHM)ZSOM and did not grow on KNO3. The majority of .
both higher and lower marine fungi have been shown to grow best on
organic sources of nitrogen. .

~ '
-~ - ‘

All of the abovementioned studies were eérried_out either on

©~solid media or in liquid batch culture. The nitrogen utilization
experiments reported here show that continuous culturge results

differed qualitatively as well as quantitatively from batch culture




S R

' Scawin, 1956). It is also possib%e that exhaustion of molybdenum (the

" low nitrogen levels and at a high C:N ratio.

,4;4,f447fgwf;l4;,44k444*.4;~4~——‘~4~A~7—’——**/——;4*44/4;r4*4f1‘4*‘*?"‘4*‘/“*‘/*
results. In batch culture, isolates of Z. maritimum grew .

Significantly better on i-glutamic‘acid than on inorganic nitrogen e

sources. However, in continuous c¢ulture there was no preference shown

by either isolate for ﬁhe organic nitrogen source.

The poorer gbowth'on the inorganic nitrogen sources in batch ° ',\

" culture may be explained by the presence of growth limiting factors in

¥

the nutriéh; solution. It was demonstrated in Chapter I that the pH

drop whicn accompanies growth Qn,ammonium,can limit growth. When g R S

\

ammonium was substituted by.nitréte or‘nitriteg the-pronounéed fall in
pH did not occur. Growth-was nonetheless lower on inorganic’than .

orgénic'niﬁrogen sources, possibly due to-the éxhaustiongof phosphate,

'which is necessary for nitrate reductase,activity.(Nicholas and

‘metallic cofactor in nitrate reductase) or some other essential

- v »

microélementiinhibibed growth in batch culture on inorganic nitrogen .

.

sources. . s

-~

Studies with low concentbations of nitrate showed that both

isolates grew well in continuous culture at one tenth the nitrogen

L

content of NSA. Thus a ten times change in the C:N ratio, from 30:1

"to 300:1, did not significantly affect gréwth. Sguros-and Simms ——

"i£12§32¢9§992§Eh§294;§,2§ggingmentﬁfnn,a,highgc;ufnatio.1n,;~,Wgrglfgggglgf,gj,f7f4~ﬁ

-
r

T. achrasporum, H alopallonella, 0. speétabilis, and ﬁ'mediosetiggra.
Sguros gt al (1973) showed that the latter three species. could grow at



n[,’

<
~J
O

o

. . : : P i :
In the continuous cultu’e‘sxstem,‘both isolates greQ equally on

the two lowest nitrogen concentr&Eion&’and on mediﬁm without nitrogen.
- ’ 2

A certain "threshold" level of nitrogen~may be necessary before good .

growth can ogcur. A possible explanation could be that the very high

C:N ratio (3,00b:1; 30,000:1) in these experiments produced a growth

inhibition effect. Growth at low concentrations of nitrate and in NSA

- withouhvnitraggn was higher in continuous than in batch culture. This
- suggests that growth can occur in the continuous system at very low
nitrogen levels, possibly on the nitrogen supplied as contaminants in

reagent grade chemicals.

Recent studies (Mpyers 1966; Meyers and Hoyo, 1966; Byrne and o
Jones, 1975J?,b).have indicated‘that spore broduction\and spore
germination may be as important as dry'weight in measuring the

"pﬁySiological'meSponsé of a~marihérfﬁﬁ§ﬁ§; Aifhdughrthe éohiénﬁs bf

each flask were not syEtematicélly examined for srulation, several

.
ents. There was

observétions Qere made in the céurse of these expe
‘a direct relationshipvbetween sporulé%ibn of Z. maritimum FMC and 1§ck
>of Hitrbgeh in the nutrient éolution. 'Holligan‘andVQennings (1972a) .
observed that conidiation of the marihe fungus Déndrxghiella-éalina

(Suth.) Pugh and Nicot was heavy at low nitrate levels. Ng et al

. (1973) reported that comidiation of Aspergillus niger. Van Tiegham in

continuous culture was\related to the concentration of carbon and

. nitrogen in the culture medium. They stated that the/most generally gj

esseﬁtialé%?)dition»for conidiation was the absence or near absence o -

v
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’éV?ilable nitrogéq in the presence of assimilable carbon. Zalefion
maritimum FHC, on tﬁe other hand, sporulated heaviiy at low
'éoncehtrations of nitrogen and in the'absence of assimilable carbon. -
. . D - '
When concentrations of carbon and~nitrogen were both lowered,

thus keeping the carbon to nitrogen ratio constant, resﬁlts’differed
: . & . :

-~ “between isolates and between batch and continuous systems. In bateh

culture lack of glucose reduced 5rdwtﬁ of both isolates when glucosé
concentrations were reduced tenfoid. In continuous culiyée; good
growth.p;cu:red at 1 mg &/lvand.a é:N ratio of 30:11A Hoaever,,athi mg
N/1 andva C:N ratio of 3,000:1, groﬁth was no higher than on nutrient
solution without nitroéen. - This would indieate that the C:N ratib may‘ -

~ affect growth in continuous culture of Z. maritimum H 135.

In summary, the results indicate that both isolates of Zalerion-
véan grow on low concentrations of nitrogen, and at high C:N ratios.

However, results from the continuous culture system demonstrate that a

C:N ratié of 3,000:1 may inhibit growth of isolate ﬁ 135. Sporulation

was encouraged by low conéentrgtions of nitrogen in the nutrient
- N , : s

solution. ’

o

3

all of the amino acids tested. Small groypp,increaseé may have been

Both isolates of Z. maritimum grew to ‘a certain extent on nearly

due to contaminants such as vitamins, which can adhere to organic

reagents - (Cochrane, 19585.‘ Both isolates grew on each of the amino-

-



- ‘ , 81

acids most commonly found in the sea (Hood, 1963): threonine, serine,

isoleucine, ieucine, glutamic acid,'aspartic acid,\alanine, andA

valife. Growth of bothyisolates was particularly good on alanine,.:

" possibly because this amino acid participetes in transamination,

. . . . . [ 4
reactions. Growth was also good on arginine, an afino acid‘refEted to

nitrogen containing storage products in wood. The ring containing

amino acids appeared to function in pigment formation in Isolate FMC.
Isolate H 135 grew well on'the monoaminodicarboxylic acids and

‘their. amides, as did Halosphaeria mediogsetigera, Culcitalnar

chrasgora nd\\jmicola alopallonella’ (Sguros et _al, 1973).

B

Zalerion maritimum grew well on most of the organic nitrogen

sources other than amino acids which were tested. Urea was a good

source of nitrogen ?or,g. maritimum, as it was for H. mediosetigera,

H. alopallonella,rand C. achraspora (Sguros et al, 1973). On the

other hand, Johnson et gl (1959) found tnat most of the marine soecies

tested grew poorly on urea. The wood storage products allantoin/and o ~
. citrulline (Kremers, 1963) supported good growth of both isolates.

This suggests that Z. maritimum, which grows on cellulosic substrates

in the marine environment, may be able to'utilige the nitrogén in

wood. . . o ' “‘\\
o IR S ‘

-

2

- o —"I?)’"dét’é',‘ﬁnine*mﬁbiogi*st’sme*;studiecktheﬂs ffects of nitrogen—— - —
sources supplied singly in the nutrient solution. In nature,

Z. maritimum grows in an environment containing various inorganic aﬂQ:*%



b

. s 4

organie-nitrogen

nitrogen sources were taken up when a combination of forms was

supplied. : .
Chemical analysis of the nutrient solution demoﬂétrated that

Z. maritimum took up ammonium to the complete exclusion of nitrate.

It ganw;hgngfgrembgAa§§umedALnatmbhgépneaegggggﬁgammgnium_inhibized

nitrate reductioq, probably by repressing‘the synthesis of nitréte

reductase (Morton and MacMillan, 1954; Kinsky, 1961; Cove ‘and Pateman,

1969). Sguros and Simms (1963) suggested that H. mediosetigera,

T. achrasporum;‘gé alopallonella; and Q. spectabilis preferentially’

utilized aﬁmonium'to nitrate, because of the rapid pﬁ drop in media
containing ammonium. Preferential utilization of ammpnium over
nitrate is generally acknowledged (Morton and MacMillan, 195&;

Nicholas, 1965) to be the pattern in terrestrial fungi. The usual

evidence presented for this theory is a sharp dfgp in pH du{ing early

growth.

Analyses of the nutrient solution suggested that Z. maritimum

¢ *

took up nitrite at a slower rate than ammonium. There was no removal

of nitrite dufing the first two days of growth, a lag time which may

have been necessary for the induction of nitrite reduqtaée. Morton

-and MacMillan (1954) showed - that ammonium and nitrite were. -

simultaneously utilized by Scopulariopsis brevicaulis.



|
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The fact that a nutrient has been removed from the culture medium
does not necessarily mean that the nutrient has been utilized. It is
possible that a certain proportion of the nutrients may have been

adsorbed to the cell wall. Detection inside the cell by mass

.spectroscopy or traeer me thodology does not prove that a nutrient,has

been utilized Both ammonium and amino aeids form _pools within the

’mycelium, from which they may or may not be removed for amination,

A

transamination, or the synthesis of cellular protein. There is
evidence that Zalerion requires a nitrogen source’for good growth.
Thus we can assume that a portion of the nitrogen which was removed

from the nutrient solution uas used in cellular metabolism. .

-

Glutamic acid was taken up either at a faster rate than nitrate

(Isolate H 135) or to the eomplete exelusion of nitrate (Isolate FMC)

" Amino acids are thought to be incorporated directly into protein

without prior degradation to ammonia (Nicholas, 1965; Sguros et al,

1973). It is therefore logical that glutamic acid would be more

o

readily taken up than nitrate, which must be’reduced to nitrite and
. : Y

ammonia before protein synthesis can oceur.

B

i . . "‘:‘

Both isolates simultaneously removed both amino acids and

w—————ammonium from the nutrient solution. The amino acids were not removed

f7at—eoual~rates74¥61utamic~acid’andmasparticwacid?“each of which

~ participates in transaminaton reactions, were taken up by Isolate FMC

in small quantities. This is in apparent ¢ tradietion'to the results
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wpigpi§ggg that glutamic acid was completely removed from the nutrient

solution when supplied in combination with nitrate. The poor uptake
of glutamic acid and aspartic acid may be explained by the presence of
ammonium in the nutrient solution. Robinson, Anthony, and Drabble

: ] / - ]
(1974) found that ammonium was used before glutamic acid during

condial germination and growth of'Aspergillus‘clavatus. They

suggested that ammoni um acted from within the cell, possibly

-

rrépressing the synthesis of the permease necessary for the transport
of giutamic acid. An additional explanation may be that there wére
inhibitory interactions in the mixture of amino.acids (Nolan, 1970),
or that thére was competition for uptake between the amino acids'
(Jones, 1963).- The optimal pH‘for tﬁe.acidic amino acid tfansport,
Y , v ‘ v
"system is approximately 5.5 (Hunter and Segel, 1971), and the qeutrali
amino acids may have been more‘readily~taken up at the pH range
(6.0-?75)rof the nutrieht'soiut}9qrduringrﬁheseigxperimgnts.
. The rapid removal of the other amino acids waé,not related to
their ability to support growth. Alanine, an excellent nitrogen
.

source for both isolates, was removed-at the same rate as isoleucine
~or .leucine, ?revious woqkawith terrestrial fung}r(Zalokar, 1961;
Gottlieb, Moitoris, and Etten, 1968; Hunter and Segei,A1971) showed

} - : » a
that amino acids are removed from the nutrient solution and stored in

- internal pools, from which they may or may not be withdrawn for

o
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1963),  and amino acids may be taken up by thé éell,even though'they do

not support groﬁth when supplied singly as nitrogen sources (Nolan,

1970) .

Peters et al (1975) studied the composition of the free amino

acid bool in 10 species of higher marine fungi which had been grown on (‘

yeast extract as a nitrogen sounce. They found_the amino aciq

composition of all species to be qualitatively similar, each

containing alanine, glycine, Qaline, proline, leucine, isoleucine,
serine, threonine, hydroxypébline,'aspartic acid, methioni;;:‘glutamic.r—
acid5 phenyialanine, ornithine, lysine, tyrosine, tryptophan, cystine,
cysteine, and histidine. They spéculated'that m%fiﬁé fungivmax éuppiyg

]

hydroxyproline, a componént of colla amno acids to

detritus feeders in the marine environment.
. o The results suggest that Z. maritimum did not carry out nitrogen -

fixation,4dehitrification to atﬁospheric ﬁitrogen, or nitrification.

Nitrificationm using an organic nitrogen source was not investigated,

T~

/ : : i
and it is therefore possible that Zalerion could.convert a substance
\\E such as peptone to*ammohium, nitrite, or nitrate. These
investigations showed tnat Zalgnign did not grow anaerobically,

although the low oxygen conditions characteristic of a candle jar did

~---~ ' not-inhibit growth. Considering the low concentrations of dissolved
? oxygen_ppesentwinwthegﬂexygeagmiaimumﬂ~layerfand¥ﬁarinemsedimen%s74theglgg—f——f~¥f
. ,

effect of various concentrationsvof dissolved oxygenvon growth of

marine fungi would be a worthwhile area of future investigation.
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The results from in vitro studies do not necessarily represent

the physiological response of an organism in its natural environment.

Wood (1965, p 8) summarizes the problem in the following statement:

7

"The study of the physiology and biochemistry of microorganisms in
pure cultures is fraught with many dangers, for microorganisms,
like their macro-counterparts, can be trained even by the very
-artificiality of their laboratory environment to perform. strange
tricks which they would scorn to do in their natdral state."

-

Marine mycologists ﬁgve not fet’developedvthe techniques for in
'situ investigations of nutritional problem® such as nitrogen
utilization. If ane attenpts to grow the organism onfits natural
substrate, one is confronted‘with thé problem of not knowing,the
chemical composition of’the growth medium. It is thenm impossible to
tell what nutrient or combination of nutrients has produced the

, €

robserved growth response. It is therefore necessary to use a _ﬂfﬂ#%§§
‘chemically definéd nutrient solution fon/EEnpabative grogthﬁstudieseon‘
specific nutrients. ‘Such studies indicate whether the fungus i;&@ble ’
to carry out a given reaction or utilize a‘certain nutrient. The

accuracy with which such results can be extrapolated to the marine

Ji environment depends- upon how closely conditions of cultivation such- as

nutrient composition and nutrient concentration parallel those of the [
natural substrate. It also depends on whether the system under

investigation is variable with respect to the conditions of

- -
variable and dependent upon the composition of the growth medium

cultivation For example, cellulose degradation by Z. maritimum is
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other hand, can be relatively stable. Morton and MacMillan (1954) —

found that'gitrogen nutrition im® Scopulariopsis brevicauligﬁwas~not
affected'by presence or absence of‘agar, type of sterilization of
nutrients; and presence oriabsence of. vitamins. They concluded that
their nutritional results reflected>the'true physiolosical state‘of s

the fungus.

”,

The use of a chemically defined nutrient solution was necessary

. in this study givNe nutritional nature of the problem. It is

L .

> hoped that the use of a relatively dilute nutrient solution, the use
+of a continuous flow culture system, and tb use of ion uptake
measurements gave a sufficiently true pictu of physiological

activity to allow a comparison between laboratory results'and the

re ' . .
- - marine environment. N e ”\\" S

_ v A \ N ) - . )
N /

,/
“
x N

Zalerion maritimum and other higher marine fungi inhabit

cellulosic substrates such as wood and leaves whié/// are submerged
continuously or intermittently, in the sea. Ihese substrates may be
found on the ocean bottom, in the intertidal zone, or as driftwood

deadheads, or pilings. Zalgnign manl&imnm_has also been isolated from

marine sediments (Hohnk, 1956). Studies to date indicate that .o

=
Z. ma_i;;mgg has a limited vertical distribution. Jones and Le-

4

””” - Campion-A,flSmna.r,d (1970) did not isolate Z. maritimum below 126 m.

t

—’

+
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and produces reproductive structures on;tﬁg.surfaoe. Thus both

3 >

. seawater and the substrate are available to the fungus_ as a source of

nutrients,

The most -abundant rm of nitrogen in seawater is molecular

nitrogen, which amounts t Aiutimgﬂithe amountiof,combinedAnitrogen~#—-'AA~MAMM**
D

(Vaccaro, 1965). Combined nitrogen can be present in several forms,

the availability of which is dependent.upon biological activity. In‘

‘the opén ocean, combined nitrogen is. principally found as nitrate

g

(62%), organic nitrogen (37%), and ammonium and nitrite (1%) (Vaccaro,

1965). In coastalareas, this ratio can be altered by planktonic ®
blooms’and other biologicdal activity. 1In surfaoe waters during the
summer’months, the ammoniun concentration may exceed the combined

~concentrations of nitréte and nitrite. _An. approximateﬂfigurewforfthe‘; e
amount of nitrogen available in seawater is 450 pg/l (Martin, 1970) .

Concentrations of combined nitrogensincrease with depth, due to

biological activity at the'sediment,water interface (Vaccaro, 1965).

- v - P

‘s Nitrogen in undecayed wood is primarily present as protein.

'Asparagine, glutamine, allantoin,wgllantoic acid, and eitrulline

(closely related to arginine) are all important in nitrogen storage

-

(Kremers, 1963). Various proteins are found in the bark and.sieve

tube liquid may contain various amino acids. The nitrogen content of

mature wood is low; the proportion of ppofein varies from as high as

20% in young tiséues to less than-1% in mature wood (Kremérs, 1963).

+



e blocks indicates that previous "digestion" of wood nutrients is not a g

<

necessary precursor to fungal growth (Johnson and Sparrow, 1961)

However, in the sea Z maritimum is growing in combination with other

decay-o*ausing organisms such as M, nkia, and marine bacteria; . A q
It is possible that these organisms could excrete nitrogen containing : &

products which could be used by.Z. maritimum andiotheﬁ:manineifnngiiiiiiihaiiwiii;
'According'to Ray (1959) ther have been horhitrogen-containing

- 7 excretory products identifiei}from Limnoria, which has no recognizable

“ excretory organ. She suggested that Limnoria may utilize efficiently :”7'7

the very low nitrogﬁﬁ concentrations in wood

=

-

It dsfpossihle that marine bacteria, which are numerous ih and
above the sediments,'may»produée ammoni um from the decay of wood and
_the prganisms assocated withisubmerged"woodﬁ(i;ei,idiatoms,”,ii el
protozoans, bladed algae, Limpnoria, and Bankia). Coucentrations of

ammonium are higher above the sediments than in the rest of the water

colum, due ‘to the decompostion of organic material (Kriss, 1963).

Both isolates of Z. maritimum grew on nitrate, nitrite, ammonium,
-~ and organic nitrogen, when supplied as sole hitrogen sources. Of

,\
it

greater interest wasathe‘preference shown for Qgptain,of these

nitrogen sources. Ofagii the inorganic nitqggen sources provided the

most reduced form, ammonium, was preferred. Ammonium was probably

used first because it can be directly incorporated into cellular
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protein, wheres nitrate and nitrite must first be enzymatically o kk

.converted to ammonium. i : -

-

Séveral of the amino acids tested served as good nitrogen sources

EY

. ‘ o _
for Z, maritimum. Like ammonium, glutamic acid was taken up from the

nutr;ent.solugipn in greater quantities than nitrate. When a.mixturé

~of°amino)acid3wwa34suppiied“in“cvmbtnatiﬁﬁ“ﬁith“Emmznium, both were
taken up simultaneousiy from the nutrient solution. We can conclude T o
that the forms of nitrogen most readily utilized by Z. maritiﬁgg were

ammonium and organic nitrogen. Iqterpreting>these results in terms of

~the habitat of Z. maritimum and other marine fungi, I would suggest

that the fungus utilized‘the,organic nitrogen in wood and the ammonium
produced as an organic decay product. Ammonium would be the form of

nitrogen most available to fungi in sediments, because of the reducing
© B , Sy S
—environment created by the low dissolved oxygen concentration. Iy

would “also assuﬂe that ammonium and dissolved organic nitrogen, if

. f - cs - .
presentﬁ}n seawater in sufficient quantities, would be absorbed by the

i .

spores a@? mycelium on the surface of the wood. , v
- |
Zalerion maritimum can grow on low concentrations of nitrogen,

and at low C:N ratiés. This feature may indicate an adaptation to ' .

»

growth on wood, as CQN ratios in heartwood may vary from 500:1 to ' B

S

greater than 1,250@1 (Griffin, 1975). “Wood rotting terrestrial fungi

such as Folyporus zéggigolor can adapt their mycelial‘nitrogen content

g

* when grown on media low in nitrogen (Merrillﬂénd*Cowling; 1965).

k]



Wégﬁéﬁﬂih#estigatorskhaveVdemonstrated that marine fungi can
pfoducé compounds which may bérused as food py marine animals. Kirk
and Catalfomo (1970) demogétraped?the presence of ergostefol aid
chqline in g.‘mariiimum and other.marine fungi, and suggested that
marine fungi may directly supply vitiminsfto mariné nématodes. Block

et al (1973) showed that the ﬁycelium of marine fungi contained high

' YIéIdé"6quéfEyﬁiaiaﬁffﬁﬁiaﬁﬁEBGid be important sources of energy for

filter feeding beach animals. Peters et al (1975) suggested that

:hydroxyproline and other aminogacids found in marine fungi may provide.

B

This sfudgyindicated_that 4. mapritimum either converted or

nitrogen to detritus feeding animals.

excreted nitrogenous products which could possibly be utilized by

otﬁer orgénisms. Growth of Z. maritimum on nitrate produced

' measureable quantities of nitrite; growth on a mixture of amino acids

resuited in the excretion of two new amino acids into the nutrient

solution. Growth of Z. maritimum FMC on aminoé acids and ammonium

[

indicated that ammonium can leave as well as enter the fungal cell.
. v

A

I suggest the following hypothetical role of Zalerion maritimum

in the marine nitrogen cycle: an ability_xo utilize nitrate, nitrite,

ammonium, and a variety of organic nitroggn;aguncas, the latter of

-

an inability to nitrify, denitrify, or fix atmospheric nitrogen; an

ability to excrete or convert nitrogen containing'éompounds which may

S



- possibly be used by other marine organisms, an ability to serve as
> e Lo
direct sources of organic nitrogen for animals feeding on fungal

mycelium. ' , . .

SUMMARY Co.

.~ ‘ . e

e B - A-continuous culture system was‘HéVélopewaEquﬁE cultivation of
marine fungi, in order to more closely approximate the marine
environment than the batch culture system. Growth of

H. alopallonella, M. pelagica, and Z. maritimum was higher in this

apparatus than in batch culture.

Development of the continuous culture system led to an
’investigation of growth dynamics in batch culture. 1In aemoniﬁm
containing medium, a pH drop'in”batch'cdltdre’inhibiﬁed'gboﬁth of all -
speeies tested. Improved pH control was obtained with MES
(2-[N-Morpholino] ethanesulfonic acid). Chemical analyses of
nutrients showed fhat'phosphate,but notvglucose was exhausted frem-the»
nutrient solution. All of the ammonium and none of.fhe nitrate was

removed during growth.’

allow the use of a more dilute culture medium, and the nutrient uptake .

h

information should allow the formulation of a more balanced nutrient

#

- ~—~

solution.



Continuous and batch culture systems were used té study nitrogen

nutrition in Z. maritimum. Batch culture results differed A .

qualitatively and quantitatively from continuous culture results. Thé ‘

preference showﬁ by Z. maritimum for the organic nitrogen source in-

batch culture was not shbwn in éontinuous culture.

7

_Zéleridn maritimum used various inorganic and organic nitrogen

gources. When nitrogen sources were added'in'COmbination;

'Z. maritimum p re; either. the most reduced inorganic niﬁrégen

source or the 32;:;;;~;;;rogen soﬁrcé. It was concluded that Z.
maritimum preferredxthe nitrogen sources available in wood or decaying,‘ .
organic material (ammonium,>organic nitrqgen)~to the nitrogeniSou;ees
most commonly availablefin seawater (molecular nitrogen, nitrate).

The pattern of nitrogen gutrition shown byqthis marine fungus was

similar to that shown by many terrestrial fungi.

. The experiments described in this thesis indicated that ' \\,

Z. maritimum did not fix atmospheric nitrogen, nitrify, or.denitrify
inorganic compounds to nitrogen gas. Zalerion maritimum excreted -

nitrogenous products such as nitrite and amino‘acids, which.&ould

- conceivably be used as nutrients by other marine organisms.
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