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ABSTRACT

WILEY, W. R. (Battelle Memorial Institute, Richland, Wash.), AND W. H. MAT-
cHETr.Tryptophantransport in Neurospora crassa. I. Specificity and kinetics. J.
Bacteriol. 92:1698-1705. 1966.-The transport of tryptophan in Neurospora crassa

is mediated by a distinct stereospecific system which is chemically specific for a

family of neutral amino acids. The process shows typical saturation kinetics and a
sharp decrease in the rate of tryptophan uptake at low temperatures. The Qlo for the
process is approximately 2 between 20 and 30 C. The apparent Km for uptake is
5 X 10-5 M. Leucine and phenylalanine competitively inhibit the rate of tryptophan
transport; the Ki values are 1.1 X 10-4 M and 4.0 x 10-5 M, respectively. These
data are interpreted as evidence that these amino acids are transported by the
same transport site(s). Inhibition studies with amino acids and other compounds
structurally related to leucine and phenylalanine suggest that an uncharged side
chain and an a amino group, next to a carboxyl, represent three attachment points
for the uptake site.

The cell membrane of Neurospora crassa is
highly impermeable to neutral amino acids. This
fact has led to the postulation of specialized
mechanisms to account for the uptake of these
amino acids. The precise mechanism of amino
acid transport in N. crassa, however, remains
obscure.
The rate of proline uptake by mycelial pads was

investigated by Zalokar (12) and shown to be
proportional to the external proline concentra-
tion. In addition, uptake was shown to occur
against a large intracellular concentration gra-
dient. These observations were interpreted as
support for the contention that proline entry into
mycelial pads is mediated by a specialized process.

Further support for the existence of specialized
amino acid uptake systems was obtained from the
study of phenylalanine transport in conidial sus-
pensions of N. crassa. DeBusk and DeBusk (4)
showed that conidia transport phenylalanine
across the cell membrane by a process which is
enzymatic in nature. Furthermore, mutant strains
of N. crassa have been isolated which are defec-
tive in their ability to transport certain amino
acids (7, 10, 11).

In the present report, we have directed our
attention to a study of some of the biochemical
properties of tryptophan transport in germinated
conidia of N. crassa. Specifically, we were inter-

ested in obtaining evidence that a transport
binding site exists which combines with tryptophan
and controls its entry, and that this binding site
shows both structural and stereochemical speci-
ficity for L-tryptophan, and in making some
inferences concerning the minimal chemical struc-
tures required for reactivity with the transport
site.

MATERIALS AND METHODS

Organisms. The strains of N. crassa used in these
investigations were: wild type (WT) 74A; mutant
strains td-201, auxotrophic for tryptophan, and 3357,
auxotrophic for leucine and adenine.

Growth and preparation of cells. Stock cultures were
grown and maintained on Vogel's mineral salts
medium (WOW) supplemented with 2% sucrose and
the appropriate growth factor(s).

Inocula for shake cultures were prepared by sus-
pending conidia, from the surface of agar butts, in a
small volume of WOW; the resulting suspensions were
then aseptically filtered through sterile cheese cloth to
remove mycelial fragments. Conidia (2 X 108; per 500
ml of medium) prepared in this manner were imme-
diately inoculated into WOW plus the appropriate
supplement, and incubated, with vigorous aeration on
a reciprocal shaker for 15 hr at 30 C. After 15 hr, the
germinated conidia were harvested by filtration onto
membrane filters (Millipore type HA, 0.65-,u pore size,
Millipore Filter Corp., Bedford, Mass.) and washed
twice, in fresh WOW, by repeated filtration. Cells

1698



TRYPTOPHAN TRANSPORT IN N. CRASSA

prepared according to this standardized procedure
were used in the transport experiments.

Transport experiments. The transport and accumula-
tion of tryptophan were measured isotopically with
L-tryptophan-3-C'4 (New England Nuclear Corp.,
Boston, Mass.).

In a typical experiment, germinated conidia of the
tryptophan auxotroph td-201, prepared as described
previously, were resuspended (512 /Ag/ml of cells, dry
weight) in WOW plus 10 jug/ml of L-tryptophan (un-
labeled) and incubated at 30 C for 1 hr. After the 1-hr
incubation period, the cells were again washed in cold
(4 C) minimal WOW, resuspended in WOW plus 2%
sucrose, pH 5.8 (310 j,g/ml of cells, dry weight), and
kept at 4 C until they were used in the uptake experi-
ments. This procedure provided cells with consistently
reproducible rates of tryptophan transport. Cells
starved of tryptophan transport tryptophan at a rate
which is inversely proportional to the length of the
starvation period.

For convenience of sampling, the uptake experi-
ments were conducted in open beakers contained in a
constant-temperature water bath. The use of an im-
mersible magnetic stirring device insured vigorous
aeration of the cells.
To initiate the uptake experiments, test amino acids

contained in a small volume of water were rapidly
added to the cell suspensions. Two 2-ml samples were
removed from the reaction mixture at each sampling
interval, usually 10 to 30 sec, with calibrated Cornwall
pipettes. One sample was immediately filtered onto a
membrane filter (Milhipore type HA, 0.45 ,u), and the
other was added directly to an equal volume of 10%
trichloroacetic acid. The radioactivity associated with
the cells which were immediately filtered provided a
measure of the total incorporation of labeled amino
acid (1). Cells washed in cold (4 C) WOW medium
were used to correct for extracellular radioactive con-
tamination. Intracellular (pool) tryptophan was not
removed in the washing process.

After 30 min, the samples treated with trichloro-
acetic acid were filtered and washed with 5% tri-
chloroacetic acid containing 500 ,g/ml of unlabeled
tryptophan. The radioactivity associated with these
samples gave a measure of the incorporation of label
into protein.

All radioactivity measurements were made in a
Packard Tricarb liquid scintillation counter (50%
efficiency) by immersing the filters directly into the
scintillating liquid [POPOP (1 ,4-bis-2-(5-phenyl-
oxazolyl)-benzene), 0.1 g; and PPO (2,5-diphenyl-
oxazole), 4 g in 1 liter of toluene; 10 ml per vial].
Samples were counted for 10 min, or for a time
adequate to give at least 2,000 counts per min per
sample.

Intracellular state of accumulated tryptophan. The
chemical state of the radioactive material in cells in-
cubated with L-tryptophan-3-C4 was determined by
subjecting cell extracts to chromatographic analysis.
After 5 min of incubation in 10-5 M L-tryptophan-
3C14 at 30 C, cells were immediately collected on
membrane filters (Millipore Filter Corp.), washed
twice with 20 ml of cold WOW (4 C), resuspended in
hot water, and boiled for 10 min. The resulting cell

extracts were filtered and chromatographed on What-
man no. 3 paper. The developing solvent was com-
posed of methanol, butanol, benzene, and water
(2:1:1:1, v/v). In all cases, the major radioactive
component was chromatographically indistinguishable
from authentic L-tryptophan.

Large tryptophan pools (15 to 100 /Amoles per g of
cells, dry weight) were determined with tryptophanase
(5).

REsuLTs
Time course of tryptophan uptake. The time

course of tryptophan transport in the tryptophan
auxotrophic mutant, strain td-201, is shown in
Fig. 1. Tryptophan uptake began immediately
after the addition of tryptophan to the uptake
medium. Accumulation of tryptophan continued
at a linear rate until the supply in the medium
approached depletion. Soluble pool tryptophan
rose rapidly at first, remained constant for
approximately 3 to 4 min, and finally diminished
as pool tryptophan was incorporated into pro-
tein. The initial incorporation of exogeneous
tryptophan into trichloroacetic acid-precipitable
material was preceded by a lag of 90 to 120 sec.
Incorporation of label after the lag was linear and
rapid. These results suggest that exogenously
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FIG. 1. Time course of L-tryptophan uptake and in-
corporation into protein by Neurospora crassa mutant
strain td-201. The reaction mixture contained 310
,gg/ml ofgerminated conidia (dry weight) suspenzded in
WOW plus 2% sucrose and 2.1 X 10-6 M L-trypto-
phan-3-C'4 (specific activity, 2.12 ,uc/,umole), final pH
5.8. Soluble pool tryptophan is the difference between
the total radioactivity in the cells and trichloroacetic
acid-insoluble radioactivity.
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supplied tryptophan enters the cell and accumu-
lates in an intracellular metabolic pool, and that
entry into the metabolic pool is a necessary step
for its incorporation into protein.
The uptake of tryptophan is essentially unidi-

rectional. The results of an experiment designed
to test the exchange between intra- and extra-
cellular tryptophan are shown in Fig. 2. In this
experiment, cells of N. crassa strain td-201 were
preloaded with 1.0 x 10-4 M L-tryptophan-3-C'4
(specific activity, 7.4 X 106 counts per min per
,umole) for 10 min, at 30 C. After 10 min, the cells
were immediately cooled to 4 C, washed in cold
minimal (WOW) medium, and resuspended in
WOW plus 2% sucrose. Cells preloaded in this
way contained approximately 28 ,moles of C14-
tryptophan per g of cells, dry weight (hot water-
extractable tryptophan; specific activity, 2.43 x
106 counts per min per ,umole). The efflux of C14-
tryptophan was measured in the presence and
absence of 5 X 10-5 M unlabeled L-tryptophan.

70,
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FIG. 2. Rate of exchange between intra- and extra-
cellular tryptophan. Germinated conidia [6.2 mg ofcells
(dry weight) per ml] of strain td-201 were preloadedfor
10 min at 30 C, with 1.0 X 10-4 M L-tryptophan-3-C'4
(specific activity, 7.4 X 106 counts per min per,umole).
Lines B and C show plots of the efflux of L-tryptophan-
3-C14 as a function of time in the presence (line C) and
absence (line B) of5 X 10-4 M (C'2) unlabeled L-trypto-
phan contained in WOWplus 2% sucrose medium. Line
A shows the time course of tryptophan uptake by cells
treated in identically the same manner as described
above, except that they were preloaded with 10-4 Ms

unlabeled tryptophan, and the rate ofuptake was meas-

ured with 5 X 10-4M C14 -tryptophan (specific activity,
2 X 106 counts per min per p.nole).

As shown in Fig. 2, the rate of C"4-tryptophan
efflux in the presence of external, unlabeled tryp-
tophan is quantitatively insignificant (line C).
Actually, the rate of tryptophan efflux does not
differ markedly from the normal leakage of tryp-
tophan from cells (line B). The concentration of
C'4-tryptophan incorporated into protein during
the course of the incubation was of minor signif-
icance relative to the size of the soluble pool.

In sharp contrast to the extremely low rate of
tryptophan efflux, there was a rapid influx of ex-
ternal tryptophan, under the same experimental
conditions (line A, Fig. 2). The rate of tryptophan
influx was measured by preloading cells in the
manner described for the efflux experiment, except
unlabeled tryptophan (10-4 M) was used. After
preloading the cells, tryptophan influx was meas-
ured by supplying 5 X 10-5 M C14-tryptophan to
the uptake medium. It seems clear from these re-
sults that the efflux of tryptophan occurs at a rate
which is entirely too low for exchange diffusion
(6) to account for the rapid uptake of isotopically
labeled tryptophan. In fact, the data suggest that
the transport of tryptophan is unidirectional.
Similar results were observed in the leucine auxo-
trophic mutant, strain 33757. Using an entirely
different approach, Matchett and DeMoss (9)
arrived at the same conclusion.

Dependence of the uptake process on substrate
concentration. The rate of tryptophan uptake, in
germinated conidia of N. crassa, increases with in-
creasing external tryptophan concentration. The
initial velocity, however, does not increase in-
definitely but tends to become saturated. The
kinetics of uptake in mutant strain td-201 are
shown in Fig. 5. There is a proportionality (open
triangles) between the reciprocal of the initial rate
of uptake and the reciprocal of the external
tryptophan concentration. The adherence of the
uptake process to Michaelis-Menton kinetics sug-
gests that it is enzymatic in nature. The apparent
Km and Vmax for the process are 5.0 x 10- M and
33 ,umoles per mn per g of cells (dry weight), re-
spectively. The variation in the values obtained for
Km and Vmax, in three independent experiments,
was approximately 16%.

Conceivably, the saturable component could
represent an obligatory intracellular binding site
unrelated to the transport process. This possibility
was partially eliminated by demonstrating that
the initial rate of tryptophan uptake is maximal at
an external tryptophan concentration, which is at
least 10-fold less (assuming 90% Vmax is obtained
at [S] corresponding to Km x 10) than that
necessary for saturation of the intracellular trypto-
phan pool (5 X 103 M). It appears from these
results that, although tryptophan transport and
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TRYPTOPHAN TRANSPORT IN N. CRASSA

intracellular pool maintenance in N. crassa may
be physiologically linked, they are mediated by
two distinct processes. Additional evidence in
support of this contention will be discussed later
in the text.

Effect of temperature and pH on tryptophan
transport. The initial rate of tryptophan uptake in
N. crassa (strain td-201) increased progressively
with increasing temperature from 0 to 40 C (Fig.
3). The Qlo calculated between 20 and 30 C is
approximately 2.0. There was a marked decrease
in the rate of uptake at 46 C, and transport was
completely eliminated at 56 C. The decrease in
the uptake rate at low temperatures was greater
than would be expected for thermal diffusion. The
rates shown in Fig. 3 were obtained from time-
course studies of the type shown in Fig. 1.
Even though the rate of transport at 0 C was

practically nil, pools formed at 30 C were retained
at 0 C. Figure 4 shows the stability of the trypto-
phan pool at 0 C. In this experiment, cells were
preloaded with 4.8 x 10-5 M tryptophan at 30 C,
chilled to 0 C, washed free from exogenous trypto-
nhan. and incubated at 0 and 30 C. The intra-
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FIG. 4. Retention of intracellular tryptophan pools at
0 C. Cells of Neurospora crassa mutant strain td-201
[620 ,ug (dry weight) /mlJ were preloaded (for 30 min)
with 4.8 X 1J0- M unlabeled tryptophan in minimal
WOW medium. After 30 min ofincubation at 30 C, the
cells were chilled to 0 C and washed twice by repeated
filtration in cold minimal WOW. The washed cells were
then resuspended [620 ug (dry weight)/ml] in WOW
plus 2% sucrose, and the decay of the hot water-
extractable pool was measured and plotted as a function
of time at 0 and 30 C. Tryptophan was measured with
tryptophanase.

ar tryptophan pool was measured and These observations provide further support for
Ld as a function of time. The decay of the the hypothesis that tryptophan transport in N.
-phan pool observed at 30 C was not a re- crassa is mediated by a catalytic site of limited
f tryptophan leakage (Fig. 2), but resulted availability. The fact that pools are maintained
(i) the incorporation of tryptophan into at 0 C, a temperature at which uptake is nil, may

in and (ii) the conversion of tryptophan to be interpreted as additional evidence that the
intermediates of the tryptophan cycle (8). entry and maintenance processes are two distinct

e transport of tryptophan was also pH- systems.
ndent. The optimalpH range for uptake was Specificity of the transport process. One of the
ien pH 5.8 and 6.2. The rate of uptake de- principal characteristics of enzyme-catalyzed re-
ed at pH values below 5.0 and above 7.5. actions is the strict limitation of their action to a

sin'gle substance or to a very small number of
closely related substances. To strengthen the
inference concerning the enzymatic nature of the
tryptophan transport process in N. crassa, the
degree of specificity of the process was inves-
tigated. Table 1 shows the effect of several other
amino acids on the rate of tryptophan transport.
L-Phenylalanine, leucine, methionine, ethionine,
cysteine, and tyrosine inhibited the rate of trypto-
phan uptake 80 to 95% at a ratio of tryptophan
to inhibitor equal to 1:50 to 1:40. Serine and
histidine inhibited uptake by approximately 50%.
The other amino acids were only slightly inhibi-
tory (0 to 20%), if at all. The D-isomers of trypto-

0 10 20 30 40 30 60 phan and leucine illustrate the stereospecificity
TEMPERATURE (C of the transport system. Steric specificity is

3. Effect of temperature on the rate ot trypto- absolute; no inhibition in the rate of L-tryptophan
transport. The rates ofuptake at each temperature uptake by the D-isomers was observed. Actually,
obtained from the same cell preparation. Mutant . . * Si '
td-201 was used in the experiment. Time-course D-tryptOphan was slightly stimulatory. Similar

s were conducted according to the procedures results have been observed for eild-type strain
ibedpreviously (Fig. 1). The external L-tryptophan 74A (7). Presently there is no explanation for
ntration was 1.0 X I0-- M (specific activity, 4.17 this phenomenon.
I counts per min per ,umole). The nature of L-leucine inhibition was further
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TABLE 1. Effect of other amino acids on
tryptophan uptake

Cnnm)Per cent inhibition
Inhibitor Concn (M) of the initial

X 10 rate of uptakea

L-LeuCile.. . ....................5 90
L-Methionlne ............ 5 82
L-Ethionine....... 5 82
L-Cysteine.............. 5 77
L-Phenylalanine..... .. 5 95
L-Tyrosine........ 5 72

L-Histidine.... 4 47
L-Serine.... 4 53

L-Isoleucine. 5 11
L-Valine................ 5 9
L-Aspartic acid.......... 4 0
L-Glutamic acid......... 4 0
Glycine..... 5 0
L-Lysine... 4 10
L-Alanine... 5 20

D-Tryptophan. 0O
D-Leucine. 5 0

a External tryptophan, 105 M; the inhibitor and
tryptophan were added simultaneously to the re-
action mixture. The rate of uptake was calculated
from time-course studies of the type shown in
Fig. 1.

investigated, and the results are shown in Fig. 5.
The double reciprocal plot of tryptophan concen-
tration versus initial velocity in the presence and
absence of 5.0 X 10-4M L-leucine shows that
leucine is a competitive inhibitor of transport.
The apparent Ki for leucine inhibition is approxi-
mately 1.1 X 10-4 M. Moreover, as shown by the
Lineweaver-Burk plot in Fig. 6, phenylalanine is
also a competitive inhibitor of tryptophan trans-
port. The inhibition constant for L-phenylalanine
is approximately 4.0 x 10-5 M. Although there
were some methodological limitations in the de-
termination of the inhibition constant (K;), the
results were quite reproducible; replicate experi-
ments were within 10 to 15% of the above values.
These results immediately suggest that L-phenyla-
lanine, L-tryptophan, and L-leucine are trans-
ported across the cell membrane by a common
transport site. Additional evidence in support of
this suggestion is the fact that tryptophan inhibits
the rate of leucine transport. Moreover, DeBusk
and DeBusk (4) have shown that phenylalanine
uptake is markedly inhibited by L-tryptophan
and leucine. These competitive relationships were
observed in all strains of N. crassa tested (td-201,
WT-74A, and 33757).
The results of an experiment designed to show

that leucine competes with tryptophan for trans-
port and not its utilization or retention are shown
in Fig. 7. In this experiment, N. crassa mutant
strain td-201 was preloaded with L-tryptophan
and washed free from extracellular tryptophan;
the disappearance of the intracellular pool was

measured and plotted as a function of time at 30
C. As shown, leucine (4 X 10-4 M) was without
effect. Pool tryptophan was assayed by the
tryptophanase method. The data show that the
utilization of tryptophan was unaltered by the
addition of external leucine. Increasing the ex-

ternal leucine concentration to 4 x 10- M also
failed to inhibit the rate of utilization of the pre-

formed tryptophan pool. Additionally, no ap-

preciable tryptophan efflux was observed. Thus,
the inhibitory effect of leucine appears to be re-

stricted to its effect on the transport system.
The results described above are consistent with

the proposal that tryptophan transport in N.
crassa is mediated by a distinct, stereospecific
process which is enzymatic in nature. Further, the
data suggest that the transport site is specific for
a limited number of naturally occurring amino
acids.
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FIG. 5. Competitive inhibition of tryptophan trans-
port by leucine. The reciprocal of the initial velocity of
tryptophan transport (v) is plotted against the reciprocal
external tryptophan concentration [S]. Leucine was

added at a concentration of S X 104 M. The organism
used was mutant strain td-201. The experimental condi-
tions were the same as those describedfor Fig. 1.
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FIG. 6. Competitive inhibition of tryptophan trans-
port by L-phenylalanine. The experimental conditions
for the kinetic determinations were the same as de-
scribed for Fig. 1. Phenylalanine was present in a con-
centration of5.0 X 10-4 M.
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FIG. 7. Effect ofexternal leucine on the retention and
utilization ofpreformed tryptophan pools. Strain td-201
was preloaded with 4.8 X 10-5 M unlabeled tryptophan
according to the procedures described in Fig. 4. Cells
were washed free from exogenous tryptophan and re-

suspended in WOW plus 2% sucrose with and without
4.0 X 10-4 M L-leucine. The decay in the intracellular
pool oftryptophan is plotted as a functioni of time. Pool
tryptophan was assayed with tryptophanase.

Minimal structural requirements for reactivity
with the tryptophan site. Some information rela-
tive to the chemical structures required for re-

activity with the tryptophan transport site was

obtained by testing amino acids with structural

modifications in the functional groups common
to the tryptophan transport family for their
ability to inhibit competitively tryptophan up-
take. Initially, it was desirable to determine
whether the indole portion of the tryptophan
molecule contributed to the structural specificity
of the site. To test this notion, the inhibitory
effect of indole on the transport site was exam-
ined; the results are shown in Table 2. Indole (4
X 104 M) and 2 X 105 M L-tryptophan-C"4 were
added simultaneously to the uptake medium con-
taining 310 ,ug/ml of cells, and the effect of indole
on the rate of uptake was measured. Indole was
not an inhibitor of uptake; increasing the concen-
tration in the medium 10-fold also failed to inhibit
uptake. Actually, the presence of indole in the
uptake medium may be slightly stimulatory. The
rate of tryptophan uptake in the absence of an
inhibitor was 10 ,umoles per g of cells (dry weight)
per min. It appears from these results that the
specificity of the uptake site resides in the amino
acid side chain.

TABLE 2. Minimal structural requirements for
reactivity with the transport site

Concn Initial rate of
Competitor (X O-, m) tryptophan

uptake'

None 10
Reactivity of the in-
dole moiety

Indole.4 12
Effect of substitutions
on the carbon d to the
a carboxyl of the amino
acid
L-Leucine. 4 0.96
L-ISoleuciie. 4 9.6
L-Valine. 4 9.0

Requirement for an a
amino group

Indolepyruvic acid 4 12
L-[a] Amino butyric
acid.4 1.96
L-[y] Amino butyric
acid.4 9.6

Requirement of an a
carboxyl
Tryptamine-HCL 4 12

Effect of an electrically
charged side chain
L-Glutamic acid 4 11
L-Lysine.4 10

a External tryptophan, 2 X 10-5 M. The in-
hibitor and tryptophan were added simultaneously
to the reaction mixture. Rates of uptake were
calculated from time-course studies of the type
described in Fig. 1, and are expressed as micro-
moles per gram of cells per minute.
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To approach the question of the involvement
of the (3-CH2 group in the process, amino acids
which differed primarily in their configuration
around the ,3 carbon were tested for their ability
to inhibit tryptophan uptake. As indicated in
Table 2, leucine, which has a configuration around
the : carbon analogous to that of tryptophan, was
an extremely effective inhibitor of uptake. In
contrast to leucine, isoleucine and valine were
poor inhibitors of the rate of tryptophan uptake
(Table 2). These results may be interpreted as
evidence for the participation of the 13 carbon in
the attachment of the amino acids to the transport
site.
To examine the role of the amino group in the

uptake process, indolepyruvic acid was tested for
its capacity to inhibit the rate of transport. The
data in Table 2 show that indolepyruvic acid, like
indole, is not only noninhibitory but may in fact
be slightly stimulatory. The requirement of an
amino group was further illustrated by the fact
that (a) aminobutyric acid was a competitive
inhibitor of the rate of tryptophan uptake (Table
2), whereas (y) amino butyrate was completely
noninhibitory. Thus, not only is there a necessity
for an amino group, but the amino group must be
present in the a position (a with respect to the
carboxyl); the inhibitory effect of the amino group
in the ,B position was not investigated.
The participation of the carboxyl group in the

uptake process was examined by testing the effect
of tryptamine (Table 2) on the transport of trypto-
phan. The rate of tryptophan uptake was
unaffected by external tryptamine. We inferred
from these results that an amino group next to a
carboxyl and a CH2 group in the position of the (3
carbon are the minimal structural requirements
for reactivity with tryptophan transport site.
There are, however, other factors which may
contribute to the specificity of the site. For exam-
ple, neither lysine nor glutamic acid was an in-
hibitor of tryptophan uptake (Table 2), .yet they
have the minimal structures necessary for reac-
tivity with the site. In this same context, it should
be pointed out that competition occurs between
the dicarboxylic amino acids and between basic
amino acids, but these do not compete with each
other or with electrically neutral amino acids.
Apparently, there is an additional requirement
of an uncharged side chain for reactivity with the
tryptophan transport site. A similar relationship
between the neutral, diamino and dicarboxylic
acids has been observed in Ehrlich ascites cells (2,
3).

DIscUSSION
We conclude from these studies that there

exists in N. crassa a distinct stereospecific trans-
port system for the unidirectional transport of

tryptophan. The process appears to be enzymatic
in nature and specific for a family of electrically
neutral amino acids.

It appears evident from these investigations
that the tryptophan entry mechanism and intra-
cellular pool maintenance are two biochemically
distinct processes. Evidence in support of this
conclusion is the fact that two distinct conditions
exist in N. crassa which permit maintenance of the
pool when the rate of amino acid uptake is maxi-
mally depressed: (i) uptake is practically nil at 0 C
while preformed (free tryptophan) pools are
virtually undisturbed at 0 C, and (ii) externally
supplied leucine inhibits the rate of tryptophan
entry but has no effect on the maintenance of the
pool. Additionally, the initial rate of tryptophan
transport is maximal at much lower external
tryptophan concentration than that required for
the saturation of the intracellular pool.
The observation that exchange between external

and internal tryptophan is absent in germinated
conidia of N. crassa implies that exchange be-
tween the intracellular pool and the uptake bind-
ing site is also minimal. It is also conceivable that
tryptophan exchange between the pool and the
uptake site occurs, but exchange between the site
and the environment is forbidden. Other explana-
tions are equally probable. Future experiments
are expected to provide a means for distinguishing
between these possibilities.

Inhibition studies with compounds containing
chemical modifications in the functional groups
of amino acids, which comprise the tryptophan
transport family, suggest that an a amino group
next to a carboxyl and an uncharged side chain
are minimal requirements for reactivity with the
transport site. The implications are that the a
amino, a carboxyl, and the uncharged side chain
represent three points of attachment for the
transport site.

Studies, presently underway, are expected to
provide additional information on the chemical
nature of the transport site.
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