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Regulation by Glutamine of Ammonia
Transport in Aspergillus nidulans

By ROBERT J. COOK* aAnD CHRISTOPHER ANTHONY
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University of Southampton, Southampton SO9 3TU

(Received 5 May 1978)

Conidia of Aspergillus nidulans had a very low activity of a high affinity ammonia transport
system. During germination the activity increased, reaching a maximum soon after the
onset of exponential growth. The activity in germinated conidia varied with the nitrogen
source in the germination medium. Analyses of intracellular amgnonia and amino acids
revealed that a low level of ammonia transport activity was associated with a high intra-
cellular concentration of glutamine and vice versa. The intracellular concentration of
glutamine is probably involved in repression of synthesis of the ammonia transport system.
It is suggested that glutamine and asparagine (rather than ammonia itself) regulate the
pre-formed ammonia transport system by inhibition from within the intracellular pool.
It is concluded that glutamine and glutamine synthetase may be more important in the
regulation of some aspects of nitrogen metabolism rather than ammonia and glutamate
dehydrogenase as has been previously suggested.

INTRODUCTION

Cook & Anthony (1978) have shown that there is a single active transport system for
ammonia and its analogue methylamine in germinated conidia of Aspergillus nidulans,
the activity being measured with [1*C]methylamine. Intracellular ammonia or a metabolite
of ammonia has been implicated in the regulation, by inhibition and repression, of the
active transport system for acidic amino acids in germinated conidia of this organism
(Robinson et al., 1973b) and a similar mode of regulation has been suggested for the
regulation of the transport of ammonia itself (Anthony & Cook, 1973). This suggestion is
supported by the work of Pateman et al. (1973) who have proposed a complex heuristic
model for regulation in 4. nidulans based on measurements of ammonia pool sizes and of
various enzymes and transport systems involved in nitrogen metabolism in a variety of
mutant strains. Important proposals were that intracellular ammonia and membrane-
bound glutamate dehydrogenase are involved in the regulation of ammonia transport.
The present paper tests this aspect of their model.

Variation in the specific activity of a transport system may arise either by a change in
the activity of pre-formed system or by a change in the rate of its synthesis. It is difficult to
distinguish directly between these two modes of regulation because transport systems
cannot be assayed in cell-free extracts.

In the present paper this difficulty has been overcome by two types of experiment,
both involving the measurement of intracellular pool concentrations of ammonia and of
amino acids. The first type involved measurement of transport activity and pool concen-
trations during nitrogen starvation of germinated conidia having an initial low transport
activity. The second type involved measurement of changes, during incubation with a
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variety of nitrogen compounds, in these activities and concentrations in germinated conidia
having an initial high ammonia transport activity. The results of these experiments suggest
that regulation of the transport of low concentrations of ammonia may be effected by the
intracellular concentration of glutamine rather than by ammonia as such. It appears that
regulation is achieved by both repression of synthesis of the transport system and by in-
hibition of activity of the pre-formed system.

METHODS

Chemicals. All chemicals were reagent grade and almost all were obtained from BDH. The exceptions
were: L-{4,5-*H]leucine (38 Ci mmol-?), [**C]methylamine hydrochloride (56 mCi mmol-!) and [5-*H]}-
uridine from The Radiochemical Centre, Amersham; cycloheximide (actidione) from Sigma. Other chemicals
were obtained from the sources given in the preceding paper (Cook & Anthony, 1978).

Organism and growth media. The wild-type strain (biAl) of Aspergillus nidulans was used. The growth
media and methods used in preparing conidial suspensions have been described previously (Robinson
et al., 1973 a), as have the methods for germination of conidia in aerated liquid cultures (Cook & Anthony,
1978).

Extraction and measurement of intracellular ammonia and amino acids. Conidia and germinated conidia
were extracted with trichloroacetic acid (5 %, w/v) twice for 10 min at 2 °C. After centrifugation to remove
cell debris, the supernatant was further extracted with two 50 ml volumes of diethy! ether to remove trichioro-
acetic acid. The extracts were stored at —20 °C and assayed for ammonia and amino acids usinga JEOL 6L
amino acid analyser. Equal volumes of trichloroacetic acid extract were injected into the basic and acid-
neutral columns of the analyser. L-Norleucine (50 nmol ml-!) was added to the extract as an internal standard.
To calculate the concentration of amino acids in the intracellular pool it was assumed that the intracellular
volume of germinated conidia is three times their dry weight (Pall, 1970; Robinson et al., 1973 b). Glutamine
and asparagine were not hydrolysed during analysis and the concentrations of ammonia were the same
when assayed by the automatic analyser and by the glutamate dehydrogenase method (Cook & Anthony,
1978), indicating that there was no substantial hydrolysis of any amino acid to ammonia during analysis.
Storage of conidial extracts for up to 2 months at — 20 °C led to no loss of amino acids.

It should be emphasized that many of the conclusions in this paper assume that all amino acids and ammo-
nia are extracted with more or less equal efficiency. This cannot be readily tested but no evidence to the
contrary was ever obtained. It is also feasible that separate ‘regulatory pools’ of ammonia and amino
acids occur. If the concentrations in these pools do not reflect the overall concentrations as measured in the
present work then it is difficult to evaluate the evidence with respect to the nature of metabolites regulating
the ammonia transport system.

Incorporation of L-[>H lleucine into protein and of [*Hluridine into RNA. The method used to determine
the incorporation of L-[4,5-°H]leucine into protein by germinated conidia was that described by Robinson
et al. (1973b). For measurement of RNA synthesis, conidia were germinated, harvested and resuspended
in various media as indicated in Results. After 10 min incubation at 30 °C, [S,-*H]uridine [6:6 nm; 2 uCi
(6:6 pmol)~'] was added. The conidia were further incubated and harvested at the appropriate time. Weighed
samples of conidia were extracted by the method of Tisdale & DeBusk (1972). The conidia were extracted in
trichloroacetic acid (10%, w/v) for 30 min at room temperature. The extracts were centrifuged and the
supernatants discarded. The pellets were resuspended in 5 ml distilled water and filtered under vacuum
through a Millipore filter (type HAWP, 0-45 um pores, 25 mm diam.), washed twice with 5 ml volumes of
cold (2 °C) distilled water, sucked dry and added to 10 ml butyl-PBD scintillation fluid (Cook & Anthony,
1978) for determination of radioactivity.

Measurement of transport of ['*Clmethylamine. Methods were as previously described (Robinson er al.,
1973a; Cook & Anthony, 1978). The initial rate of uptake was expressed as #mol substrate transported
(g dry wt)~! min—1. The specific activity of the transport system was expressed as units (g dry wt)~1, one
unit being defined as a rate of transport of 1 #mol substrate min—* at 30 °C at pH 6-5.
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Fig. 1. Development of the ammonia transport system during germination. Conidia (approx. 107
ml-1) were germinated with either glutamate (25 mM; @) or ammonia (25 mM; O) at 30 °C on a
gyrotary shaker (240 rev. min—*). For convenience, separate flasks were used for each sample. In all
experiments the ammonia transport system was assessed by measuring the transport of [C}-
methylamine (20 #M) as described in Methods. The morphology of germinating conidia was
observed under a phase-contrast microscope at intervals during germination. For the first 2 h the
diameter of the conidia was 3-1 gm. After this time the diameter increased until at 8 h more than
90 9% of the germinating conidia had a diameter of 5 um. At 9 h conidia were seen to darken and by
10 h more than 90 % had visible germ tubes.

RESULTS
Activity of the ammonia transport system

Activity during germination. The specific activity of the ammonia transport system was
very low in conidia [0-005 units (g dry wt)~] but increased 400-fold after germination in a
glutamate medium for 10 h, and subsequently decreased to 2:59%, of the maximum level.
Maximum activity was associated with germ tube emergence and the onset of exponential
growth (Fig. 1). By contrast, activity remained low in conidia germinated with ammonia as
the nitrogen source; the specific activity increased 18-fold during germination but reached
only 2:5%, of the maximum measured in glutamate-germinated conidia.

The total concentration of the ammonia/amino acid pool was greater at the time of
germ tube emergence in ammonia-germinated conidia than in those germinated with
glutamate (Tables 1 and 2). During germination, the total pool concentration was greatest
at approximately 8 to 10 h; this was probably associated with the elevated protein synthesis
occurring during germ tube production. During germination with ammonia (Table 2), the
glutamine, asparagine and ammonia pool concentrations were very high compared with
the concentrations in glutamate-germinated conidia, the variation in size of the glutamine
pool being most marked. This suggested that one of these compounds (or a combination
of them) might be important in the regulation of the ammonia transport system.

Activity in conidia germinated with various nitrogen sources. When ammonia, urea or
L-glutamine (either singly or in mixtures) were present in the germination medium there was
a very low level of transport activity (Table 3). These results are similar to those for gluta-
mate transport (Robinson et al,, 1973b) and indicate that ammonia and/or glutamine
play a role in the regulation of ammonia transport. When asparagine was the sole nitrogen
source there was a 10-fold higher activity than in conidia germinated with glutamine or
ammonia, indicating that asparagine is not as effective as glutamine and ammonia in this
regulation.
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Table 1. Intracellular concentrations of ammonia and amino acids in conidia
during germination with glutamate

Conidia (approx. 107 mi~!) were germinated with glutamate (25 mm) at 30 °C on a gyrotary shaker
(240 rev. min~') for the periods indicated. For convenience, separate flasks were used for each
sample. The transport of [**C]methylamine (20 #M) was measured as described in Methods and
recorded as specific activity [units (g dry wt)~]. The intracellular concentrations (mM) of ammonia
and amino acids were determined as described in Methods (—, not detected).

Compound in pool Oh 4h 8h 10h 12h 16 h 20h 24h

Glutamine 2-54 — — 0-60 0-96 0-83 0-31 0-31
Asparagine 1-93 1-25 1-51 1-40 1-10 078 1-30 1-08
Ammonia 1-47 1-69 2:69 2:39 3-43 396 3-43 7-26
Glutamate 4-53 30-81 47-07 44-78 28-84 33-60 18-84 20-23
Alanine 4-55 3-57 11-23 7-41 11-17 33-95 4726 34-58
Ornithine 012 0-18 0-45 017 0-41 1-85 2:23 —
Lysine 3-86 414 575 6-01 4-39 6-59 7-27 10-70
Histidine — 0-27 033 019 045 0-24 0-39 0-33
Arginine 091 0-49 1-33 0-51 0-59 1-03 1-39 i-19
Aspartate 0-24 3-28 4-08 3-08 2:95 1-84 1-76 1-06
Threonine 0-28 0-96 1-69 1-62 1-62 2:05 2:11 1-94
Serine 0-45 2-67 3-46 3-13 2:33 220 1-50 2-00
Glycine 064 0-54 1-08 0-88 079 1-52 1-79 1-59
Valine 0-62 1-48 0-93 1-65 0-85 2:31 2-05 4-04
Methionine 0-34 0-86 1-12 0-96 0-34 1-44 271 2:43
Isoleucine 0-25 0-30 0-28 029 0-20 0-40 076 0-52
Leucine 0-21 0-78 0-52 0-58 0-51 043 0-81 0-53
Tyrosine 012 — — 0-11 — 0-17 023 0-23
Phenylalanine 0-08 — — — — 0-19 0-11 0-10
Total pool 23-64 52-64 83-52 75-76 60-93 95-38 96-25 90-12
Specific activity of 0-005 0-58 1-30 2-06 0-85 0:16 0-07 0-05

ammonia transport
system

Regulation of the ammonia transport system by repression of its synthesis

Effect of nitrogen starvation on ammonia transport activity of ammonia-germinated conidia.
If the low activity of the system with ammonia-germinated conidia is a result of repression
of synthesis or inhibition of a pre-formed transport system by intracellular nitrogen com-
pounds, then a period of nitrogen starvation should lead to increased transport activity.
To investigate this possibility, ammonia-germinated conidia were incubated for 3 h either
with ammonia (25 mM) or in nitrogen-free medium (with or without cycloheximide, 10 ug
ml-1) and the ammonia/amino acid pool concentrations and ammonia transport activity
were measured. Protein and RNA synthesis were also monitored during this experiment
(see below). Incubation with ammonia for a further 3 h had little effect on the composition
of the amino acid pool or on ammonia transport activity (Fig. 2a; Table 4). By contrast,
nitrogen starvation for a similar period led to a 20-fold increase in the specific activity of
the ammonia transport system, a high proportion of this increase occurring during the
second hour of incubation. Intracellular glutamine completely disappeared during the
first hour of the incubation during which time there were also substantial reductions in
the intracellular concentrations of asparagine, alanine, ammonia and glutamate. During
the latter part of the incubation there was an increase in the pool sizes of most amino acids
and ammonia; this was possibly the result of protein hydrolysis arising from the nitrogen
starvation (see Meyers & Knight, 1973).

Cycloheximide, an inhibitor of protein synthesis, prevented the increase in transport
activity but did not prevent the concentration of glutamine from falling to zero during the
first hour of the incubation (Table 4).

These results suggest that, during nitrogen starvation of ammonia-germinated conidia,
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Table 2. Intracellular concentrations of ammonia and amino acids in conidia
during germination with ammonia

Conidia (approx. 107 ml-?) were germinated with ammonia (25 mm) at 30 °C on a gyrotary shaker
(240 rev. min~?) for the periods indicated. For convenience, separate flasks were used for each
sample. The transport of [“Clmethylamine (20 M) was measured as described in Methods and
recorded as specific activity [units (g dry wt)~']. The intracellular concentrations (mm) of ammonia
and amino acids were determined as described in Methods (—, not detected).

Compound in

Gilutamine
Asparagine
Ammonia
Glutamate
Alanine
Ornithine
Lysine
Histidine
Arginine
Aspartate
Threonine
Serine
Glycine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Total pool

Specific activity of

pool Oh 4h
2-54 16-22
193 2:27
147 875
4-53 19-24
4-55 10-51
0-12 061
3-86 475
— 0-55
091 5-09
0-24 1-27
0-28 0-48
045 1-70
0-64 0-51
0-62 2-49
0-84 0-61
0-25 0-26
0-21 0-28
0-12 020
0-08 0-48
23-64 76-27
0-005 0-005

ammonia transport

system

8h
24-94
433
415
40-40
1177
088
7-35
0-85
7-22
341
1-63
3-64
1:36
1-55
0-66
0-34
0-54
017
0-51
11565

0-090

10h

29-95

650
6:30

31-48
35-60

3-45
7-29
0-58
3-92
31
1-711
2:17
1-14
3-:09
2:20
0-52
1-26

140-27

0-012

12h
27-26
567
622
30-04
3817
593
679
0-50
3-52
1:29
221
1-80
1-33
322
0-55
065
131
032
010
13688

0-015

279

16h  20h 24h
1943 1865 2019
3-76 4-36 533
655 558 448
1663 1425 1538
2413 2601 2751
7-91 675 646
522 661 8-42
057 0-86 070
372 404 3-30
175 1-55 1:96
1-37 171 185
127 1-53 1-74
1:04 143 1-42
126 1-83 208
0-50 0-95 1-47
060 0-60 074
1-05 073 0-89
031 0-29 013
— 011 0-56
9707 9784 10461
0015 0015 0020

Table 3. Specific activities of the ammonia transport system in conidia germinated
with various nitrogen sources

Conidia (107 ml-!) were germinated at 30 °C in liquid media (see Methods) with the nitrogen
sources indicated. The transport of [*Clmethylamine (20 #M) was measured as described in
Methods and the values are expressed as a percentage of the specific activity measured in conidia
germinated with glutamate [0-96 units (g dry wt)~']. The growth rate of the conidia depended on
the nitrogen source in the germination medium so, for valid comparisons with different nitrogen
compounds, the specific activity of the transport system was measured in conidia at the time of
germ tube emergence.

Nitrogen source

L-Phenylalanine
L-Arginine
L-Alanine
L-Glutamate
Nitrate

Glycine
L-Asparagine
L-Glutamate+ammonia
Urea
L-Glutamine
Ammonia

Time of germ
tube emergence

(h)
1
10
12
12
12
12
10
10
11

10-5

10

Relative transport

rate (%)
210
120
110
100
920
87
20

NN AR
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Fig. 2. Effect of nitrogen starvation on the specific activity of the ammonia transport system and
on protein and RNA synthesis. Conidia were germinated for 10 h at 30 °C with ammonia (25 mm)
as the sole nitrogen source, and then harvested and resuspended (2 mg dry wt ml—!) in various
growth media. Some incubation media contained cycloheximide to inhibit protein synthesis; some
(b) contained L-[4,5-*H]leucine (0-1 mM; 0-2 £Ci umol-!) to measure protein synthesis; and some
(¢) contained [5-*H]uridine [6:6 nM; 2 #Ci (6-6 pmol)-'} to measure RNA synthesis. The conidia
were incubated for 1, 2 or 3 h; they were then harvested and the ammonia transport system (a),
protein (b) and RNA (¢) synthesized during these times was measured as described in Methods.
@, Nitrogen-free medium; C, ammonia (25 mM); A, nitrogen-free medium containing cyclohexi-
mide (10 g ml~1); .., ammonia (25 mM) added to nitrogen-free medium after 2 h incubation.

the increase in activity was probably due to derepression of synthesis of the transport
system resulting from a decrease in the intracellular concentration of glutamine. That there
was no increase in transport activity when the intracellular concentration of glutamine
decreased in the presence of cycloheximide shows that de-inhibition of a pre-formed
transport system is not the regulatory mechanism by which nitrogen starvation of ammonia-
germinated conidia led to greatly increased ammonia transport activity. This, however,
does not preclude the possibility that, once formed, the transport system is regulated by
inhibition from within the cells (see below).

Incorporation of L-14,53H\leucine into protein and [5-*Huridine into RNA by nitrogen-
starved conidia. Conidia incubated with ammonia synthesized protein at a high rate (Fig.
2b), as would be expected of nitrogen-sufficient, exponentially growing conidia. The rate of
protein synthesis in nitrogen-starved conidia was 709, lower, on average, than in nitrogen-
sufficient conidia. Cycloheximide almost totally inhibited protein synthesis. The results
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[units (g dry wt)™'}

Intracellular amino acid concn (mM)

Specific activity of ammonia transport system

1 1 1 1 1 i 1 1

0 5 10 15 200 N 10 15 20
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Fig. 3. Effect of incubation of glutamate-germinated conidia with glutamine or asparagine on the
specific activity of the ammonia transport system and on the glutamine and asparagine concen-
trations within the intracellular pool. Conidia (approx. 10’ ml-') were germinated for approxi-
mately 10 h at 30 °C in a liguid medium containing glutamate (25 mm) as the sole nitrogen source.
Harvested conidia were incubated in uptake assay medium plus (a) glutamine (0-2 mm) or (b)
asparagine (0-2 mm) for 2, 5, 10 or 20 min. They were then harvested and washed, and their ammonia
transport activity (measured with [Cjmethylamine) and ammonia and amino acid pool concen-
trations were determined. @, Transport activity; A, glutamine concentration; W, asparagine
concentration; [J, glutamine plus asparagine concentration.

in Fig. 2(c) show that during the first hour of incubation there was little difference in the
rate of RNA synthesis between nitrogen-starved and nitrogen-sufficient conidia. In the
subsequent two hours of nitrogen sufficiency there was a steady rate of RNA synthesis.
A similar result was recorded for nitrogen-starved conidia in the presence of cycloheximide.
During the second hour of nitrogen starvation in the absence of cycloheximide there was a
rapid increase in the synthesis of RNA which coincided with the increase in the specific
activity of the ammonia transport system.

These observations are consistent with the conclusion that the increase in transport
activity during nitrogen starvation of ammonia-germinated conidia results from dere-
pression of synthesis of the ammonia transport system.

Regulation of the ammonia transport system by inhibition

Effect of ammonia on nitrogen-starved conidia. When ammonia-germinated conidia
were starved of nitrogen for 2 h and then incubated with ammonia for 1h, ammonia
transport activity was reduced by 98 9, and the total concentration of ammonia and amino
acids increased fivefold (Table 4). The elevated pool concentrations were mainly due to
large increases in glutamine (100-fold) and in alanine, glutamate and ammonia (three- to
fourfold); all other amino acids increased to some extent with the exception of leucine,
phenylalanine and tyrosine. These large increases were probably the result of rapid meta-
bolism of ammonia to provide amino acids for the growth of the previously nitrogen-
starved conidia. The rapid and large decrease in transport activity correlated with the very
large increase in glutamine concentration strongly suggests that the ammonia transport
system, once formed, is regulated by inhibition by intracellular glutamine. This conclusion
was confirmed by the following experiment in which a high initial rate of ammonia transport
was ensured by germinating the conidia on glutamate.
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Table 5. Intracellular concentrations of ammonia and amino acids in germinated
conidia incubated with glutamine

Conidia (approx. 107 ml-?) were germinated for approximately 10h at 30 °C with glutamate
(25 mM) as the sole nitrogen source. Harvested conidia were incubated in uptake assay medium
plus glutamine (0-2 mm) for 2, 5, 10 or 20 min. They were then washed, and their ability to transport
[**C]methylamine (20 #M) was measured as described in Methods and expressed as units (g dry
wt)-L. The intracellular concentrations (mmM) of ammonia and amino acids were determined as
described in Methods. No lysine was detected in these analyses.

No 2 min 5 min 10 min 20 min
Compound in pool incubation incubation incubation incubation incubation
Glutamine 4-57 7-61 7-91 10-33 9-46
Asparagine 1-25 2-14 1-19 1-98 1-59
Ammonia 10-09 5-29 656 9-84 6-87
Glutamate 11-58 9-19 818 10:70 9-70
Alanine 2:16 0-57 0-66 0-75 0-73
Ornithine 0-07 0-07 015 018 0-19
Lysine — — — — —
Histidine 0-14 0-33 016 0-32 043
Arginine 0-40 075 0-92 1-59 1-83
Aspartate 2-49 0-02 1-97 3-04 2-53
Threonine 1-10 0-51 0-33 0-34 0-68
Serine 133 095 1-30 2-11 1-76
Glycine 0-64 0-24 0-45 0-60 0-44
Valine 0-97 073 0-46 0-49 0-39
Methionine 0-84 0-02 0-75 0-61 0-64
Isoleucine 0-49 0-25 0-31 0-34 0-27
Leucine 019 012 0-16 0-22 0-14
Tyrosine 010 0-09 0-12 013 0-04
Phenylalanine 0-06 0-02 0-03 0-06 0-02
Total pool 38-07 28-90 32-11 44-13 3771
Specific activity of 1-32 0-30 0-60 0-48 0-65
ammonia transport
system

Effect of glutamine and asparagine on the activity of the pre-formed ammonia transport
system. Incubation of glutamate-germinated conidia with glutamine (0-2 mm) for up to
20 min led to a progressive decrease in activity which correlated inversely with an increase
in the glutamine concentration in the cells (Fig. 3a; Table 5). Doubling the pool concen-
tration of glutamine halved the activity of the ammonia transport system; no other amino
acid or ammonia showed any such correlation. The rapidity of the decrease in activity was
not consistent with dilution of components of the transport system or with protein break-
down. As glutamine was the only compound increasing in concentration during the short
incubation, it is concluded that glutamine inhibits the pre-formed system in germinated
conidia.

Incubation with asparagine (0-2 mM) gave similar results to those obtained with glutamine
(Fig. 3b; Table 6). During the first 10 min, there was a 759%, decrease in the transport
activity associated with an increase in both asparagine and glutamine pool concentrations.
In the next 10 min, the glutamine concentration decreased and there was an equivalent
increase in asparagine concentration. That the transport activity remained inhibited during
this period suggests that asparagine also inhibits the transport system. The inverse corre-
lation between transport activity and the combined glutamine plus asparagine concen-
trations (Fig. 4) supports the suggestion that the ammonia transport system is inhibited by
both glutamine and asparagine.
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Specific activity of ammonia transport system
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Fig. 4. Correlation between glutamine plus asparagine concentration and ammonia transport
activity. The data are taken from Fig. 3. @, Glutamate-germinated conidia (zero time); A, conidia
incubated with glutamine; M, conidia incubated with asparagine.

Table 6. Intracellular concentrations of ammonia and amino acids in germinated
conidia incubated with asparagine

Conidia (approx. 10° ml~') were germinated for approximately 10 h at 30 °C with glutamate
(25 mM) as the sole nitrogen source. Harvested conidia were incubated in uptake assay medium
plus asparagine (0-2 mm) for 2, 5, 10 or 20 min. They were then washed, and their ability to transport
[“Clmethylamine (20 zm) was measured as described in Methods and expressed as units (g dry
wt)~t. The intracellular concentrations (mm) of ammonia and amino acids were determined as
described in Methods. No lysine was detected in these analyses.

Compound in pool

Glutamine
Asparagine
Ammonia
Glutamate
Alanine
Ornithine
Lysine
Histidine
Arginine
Aspartate
Threonine
Serine
Glycine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Total pool

Specific activity of
ammonia transport
system

No
incubation
4-57
1-25
16-09
11-58
2:16
0-07

014
0-40
2:49
1-10
1-33
0-64
0-97
0-84
0-49
019
0-10
0-06
38-07
1-32

2 min
incubation
527
211
4-66
913
0-84
0-05

016
092
1:90
094
1:28
053
078
071
037
022
013
006
3006
1:05

5 min
incubation
9-02
211
6-23
9-24
0-64
0-08

036
1:54
2:83
053
1:09
024
1-23
002
036
018
002
002
3571
060

10 min
incubation
10-77
277
5-38
10-16
0:72
0-10
0:37
1-82
1-73
0-84
1-62
0-47
0-53
0-02
0-27
0-16
0-02
0-02
3777
035

20 min
incubation
6-24
7-10
6-17
9-93
0-59
0-10

0-51
2-45
0-66
0-74
0-79
0-23
0-39
0-02
0-37
0-20
0-11
0-02
37-62
0-32
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DISCUSSION

The results in the present paper indicate that the system for active transport of low
concentrations of ammonia was absent in conidia of A. nidulans and that its synthesis was
repressed during germination by high intracellular concentrations of glutamine. Nitrogen
starvation of ammonia-germinated conidia resulted in a large reduction in the glutamine
pool concentration with concomitant derepression of the transport system which was also
shown to be subject to inhibition by intracellular glutamine and asparagine. (See note of
caution, in Methods, with respect to interpretation of concentrations of extracted amino
acids and ammonia.)

When conidia were germinated with asparagine as the sole nitrogen source, the transport
activity was 10-fold higher than in those germinated with glutamine or ammonia, indicating
that asparagine may not be as effective as glutamine in repressing the synthesis of the
ammonia transport system. The activity of the pre-formed system was, however, more
sensitive to inhibition by intracellular asparagine than it was to glutamine.

The function of the high affinity ammonia transport system is probably not the ‘bulk’
transport of ammonia (Cook & Anthony, 1978). Nitrogen starvation of germinated conidia
resulted in a rapid increase in activity after a lag period of approximately 1 h indicating
that synthesis of the transport system is specifically derepressed in response to nitrogen
starvation. These observations suggest that the system functions as a scavenger for ammonia
during nitrogen starvation. A similar function has been ascribed to the ammonia transport
system of Penicillium chrysogenum (Hackette et al., 1970). If the system is an ammonia
scavenger, active during nitrogen starvation, then its derepressed synthesis during germi-
nation on alanine, arginine, glutamate, glycine, phenylalanine or nitrate must be explained.
These nitrogen sources were sufficient for germination and subsequent growth of conidial
germ tubes and all, with the exception of nitrate, contributed to the carbon metabolism
of the organism. Carbon catabolite repression by glucose of glutamate transport is known
to occur (Hynes, 1973) and it is possible that glucose also controls the assimilation of other
amino acids. Glucose (19,) was always present as the carbon source during germination
in the experiments described in the present work and it is suggested that the flow of «-amino
nitrogen from amino acids may be so stringently controlled by glucose that a state of
nitrogen deprivation may have occurred which allowed the derepression of the ammonia
transport system.

Previous workers on ‘ammonium’ regulation in A. nidulans have concluded that ammonia
itself is the regulatory molecule, rather than glutamine or asparagine as appears to be
indicated by the data in the present paper. This difference in conclusions reflects the different
experimental approaches used; our observations do not markedly disagree with previous
observations where the experiments have been similar. The most thoroughly described
model for regulation has been that of Pateman et al. (1973). These workers proposed a
unifying hypothesis to account for ¢ paradoxical and complex relationships between ammo-
nium transport and the ammonium regulation of various transport and enzyme systems’
in a wide variety of mutants. The demonstration in the present paper that intracellular
glutamine and asparagine may be the regulators of ammonia transport suggests that the
model may be incorrect in its proposal that the ‘intracellular ammonium concentration
affects the level of ammonium uptake’.

It is possible that the levels of glutamine and asparagine (rather than ammonia) function
in the regulation of nitrogen metabolism by reflecting the flow or amount of nitrogen for
biosynthesis. This conclusion directs attention to the possibility that glutamine synthetase
may well have a more significant role in the regulation of some aspects of nitrogen meta-
bolism than does glutamate dehydrogenase as previously proposed in the model of Pateman
et al. (1973). Similar studies to those described here using mutants lacking glutamine

19 MIC 109
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synthetase and glutaminase might be effective in confirming this proposed role for glutamine
and glutamine synthetase in the regulation of ammonia transport.

We thank the SRC and Rank Hovis McDougall (Research) Ltd for the award of a

CASE studentship to R. J. Cook.
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