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The capacity to synthesize isopropylmalate isomerase (EC 4.2.1.33) by Neuro-
spora crassa increased during induction in the presence of cycloheximide but
was inhibited by proflavine and other inhibitors of RNA synthesis. Turnover of
the enzyme once formed appeared negligible, but the message (measured as
enzyme-forming capacity) had a half-life of 4 to 8 min. A comparison of the
kinetics of induction in the wild type and a newly isolated a-isopropylmalate-
permeable strain suggested strongly that feedback control by leucine of a-isopro-
pylmalate production can adequately serve as the primary physiological regulator
of endogenous inducer concentration. Genetic data are presented which implicate
the involvement of two unlinked genes, ipm-1 and ipm-2, in determining permea-

tion of a-isopropylmalate.

The regulation of expression of the three un-
linked structural genes of the leucine biosyn-
thetic pathway of Neurospora crassa has been
shown to involve two distinctly different but
interdependent regulatory mechanisms. One of
these, repression by leucine of the synthesis of
the first enzyme of the pathway, a-isopropyl-
malate (a-IPM) synthase (EC 4.1.3.12), which
is specified by the leu-4 gene and catalyzes the
condensation of a-ketoisovalerate and acetyl
coenzyme A in the formation of a-IPM, seems
formally analogous to repression mechanisms in
procaryotic systems (7, 8, 26). A second, positive
regulatory system, involving a-IPM as an effec-
tor in conjunction with a regulatory product of
the leu-3 gene, is involved in the regulation of
synthesis of the remaining two enzymes of the
pathway, isopropylmalate isomerase (the isom-
erase) and B8-IPM dehydrogenase (EC 1.1.1.85),
specified by the leu-2 and leu-1 genes, respec-
tively (17). Since the production of the isomerase
and dehydrogenase in significant quantities is
dependent upon the presence of a-IPM and an
effective leu-3 product (leu-3- mutants are leu-
cine auxotrophs), it has been proposed that a
complex of the leu-3 product with either a-IPM
or a metabolic derivative serves a primary phys-
iological function in the expression of the leu-2
and leu-1 genes (8). In addition, it has been
found that in the absence of either a-IPM or
an effective leu-3 product, neither a-IPM syn-
thase nor most of the enzymes of isoleucine and
valine synthesis can be synthesized at maximal
rate (16). A general coordinating role in the
regulation of expression of the genes of
branched-chain amino acid biosynthesis has
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been proposed for the a-IPM-leu-3 product
complex.

The experiments described here were de-
signed with two objectives in mind. First, we
wished to obtain some elementary information
about the mechanism of a-IPM isomerase in-
duction in vivo. We specifically wanted to settle
the question of whether synthesis of «-IPM
isomerase is regulated at the level of transcrip-
tion, and if so, whether the half-life of the mes-
sage is short enough so that message synthesis
can serve adequately as the physiological control
point in the production of the isomerase.

The second objective was to obtain informa-
tion that would confirm or reject our conclusion
that a-IPM is the inducer of isomerase synthesis
and, if possible, to assess the role of feedback
inhibition and repression by leucine of a-IPM
synthase in the in vivo regulation of isomerase
production. Until recently, induction and repres-
sion of synthesis of the isomerase and 8-IPM
dehydrogenase have had to be studied by vary-
ing the endogenous production of a-IPM as a
function of the concentration of leucine supplied
during growth. This indirect approach was ne-
cessitated by the fact that a-IPM is normally
impermeable to Neurospora, and mutants that
allow entry of the compound had not been
found. We report here the isolation of an a-IPM-
permeable strain and describe the kinetics of
induced synthesis of the isomerase and the phe-
notypic and genotypic complexity of the perme-
able strain.

MATERIALS AND METHODS
Biological. The strains of N. crassa used in this
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study originated or were constructed in this labora-
tory. R59F84, an a-IPM-utilizing strain, was isolated
following UV irradiation of R59 (leu-4). Irradiated
conidia were heavily inoculated (about 10’
conidia/plate) onto minimal sucrose plates containing
a-IPM and overlaid with a thin layer of medium
containing sorbose. a-IPM-utilizing mutants were iso-
lated as spidery colonies which appeared after about
3 days of incubation at 34°C.

Crosses were performed at 25°C on synthetic cross-
ing medium (5) supplemented appropriately with
growth factors required by the protoperithecial parent.
The sorbose plating method of Newmeyer (15) was
used for the isolation of segregants. Heterokaryons
were formed by the method of Kashmiri and Gross
(12).

Growth methods. Mycelia were routinely ob-
tained for biochemical analysis after growth in 2-liter
Fernbach flasks containing 1 liter of synthetic medium
(5) as described by Polacco and Gross (17).

When mycelia were required for induction studies,
a dense suspension of conidia (equivalent to 40 ml of
a conidial suspension of 1.0 optical density at 550 nm
[ODss0)) was inoculated into each Fernbach flask con-
taining 1 liter of minimal medium supplemented
with 300 ug of L-leucine per ml (repression medium).
After 13 h of growth with aeration at 34°C, the log-
phase mycelia were harvested by filtration, washed
with fresh medium, and quickly resuspended at a
concentration of about 5 g (wet weight) per liter into
appropriately supplemented fresh medium. (Minimal
medium without L-leucine is referred to as induction
medium.) The resuspended mycelia were further in-
cubated at 34°C with vigorous aeration. Periodically,
mycelial samples were collected by filtration.

Leucine auxotrophs were grown in medium supple-
mented with L-leucine at concentrations ranging from
20 pg/ml (growth-limiting conditions) to 300 ug/ml
(excess-leucine conditions). Inositol auxotrophs were
supplemented with 25 ug of inositol per ml. Cyclohex-
imide and proflavine were used at concentrations of 4
and 100 pg/ml, respectively.

Preparation of extracts. Crude ammonium sul-
fate precipitates (0 to 80%) were prepared by the
method of Gross (7), using 0.1 M potassium phosphate
buffer, pH 6.0, containing 0.2 mM L-leucine. A Poly-
tron homogenizer was used instead of a blender to
shear the mycelia before sonic treatment. Protamine
sulfate (7.5 mg per g [wet weight] of mycelia) was
added immediately after sonic treatment rather than
after the first centrifugation.

Enzyme assay. Crude ammonium sulfate pellets
were dissolved in 0.1 M potassium phosphate buffer,
pH 6.0, containing 3 M glycerol, 1 mM dithiothreitol,
and 0.2 mM L-leucine. Although the isomerase has
been shown to be inactivated by several sulfhydryl-
containing reagents (10), dithiothreitol at this pH and
concentration has little, if any, effect on activity. As-
says were performed after removal of debris by cen-
trifugation for 1 h at 100,000 X g. The assay of the
isomerase and definition of specific activity are as
described by Gross (9). All assays were performed at
34°C in a Gilford spectrophotometer.

Protein was determined by the method of Warburg
and Christian (25). When protein was determined in
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extracts derived from proflavine-treated mycelia, a
correction factor, 0.0906 mg/ml per 1.0 ODy;, was
added to the calculated protein concentration because
a small amount of proflavine is unavoidably carried
through ammonium sulfate fractionation.

Chemicals. o-IPM and 8-IPM were prepared by
the method of Calvo and Gross (3). Proflavine dihy-
drochloride was obtained from Schwarz/Mann. Cyclo-
heximide was obtained from Calbiochem. All other
chemicals were obtained from standard commercial
sources.

RESULTS

Isomerase induction in wild-type Neuro-
spora. When the wild-type strain of Neurospora
(STDB8A) is grown in medium containing excess
L-leucine, the endogenous concentration of the
inducer of isomerase production, a-IPM, is low
because L-leucine feedback inhibits catalysis and
represses synthesis of a-IPM synthase (7, 26).
In minimal medium, however, feedback inhibi-
tion and repression are released, and the conse-
quent increase in a-IPM concentration induces
isomerase synthesis (7). The specific activity of
isomerase began to increase within 20 min after
mycelia were transferred from medium in which
production of the inducer was feedback inhibited
by L-leucine (repression medium) to L-leucine-
free medium in which inhibition of the synthesis
of the inducer was released (induction medium)
(Fig. 1). The specific activity continued to in-
crease for 30 to 40 more min, at which time it
leveled off, having undergone more than a 25-
fold increase over the basal level.

Two experiments were performed to test
whether enzyme degradation is a significant fac-
tor in determining the specific activity of the
isomerase. The first involved measuring the de-
crease in specific activity as a function of growth
after transfer of induced mycelia into repression
medium. The measured decrease in specific ac-
tivity for 4 h after establishment of repression

200 Ca— ,
- L N )
~160F . . o |
.
&t i e % o, 1
G120 o ® {
L . .o
s T e
s )
é 80 o®
H >
40 Se
o°®
F -
oq__‘_ﬂl R NP
(o] 20 40 60 80 100
Time (Min.)

F1G. 1. Time course of induction of isomerase syn-
thesis after transfer of wild-type (STD8A) mycelia
from repression to induction medium. Pooled data
from eight independent experiments.
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could be accounted for completely on the basis
of dilution during growth. The lack of significant
degradation of isomerase activity was confirmed
further by measuring the specific activity of the
enzyme in the induced wild type and a leu-4
leu-3*° double mutant (one that cannot make a-
IPM but constitutively synthesizes the isomer-
ase [17]) as a function of time in the presence
of cycloheximide. Despite the fact that protein
synthesis was negligible, the specific activity re-
mained constant throughout the 2-h duration of
the experiment. Cycloheximide has been re-
ported to reduce the rate of turnover of some
proteins, presumably by inhibiting the synthesis
of specific proteases with short half-lives (20).
However, the results of the two different kinds
of experiments indicate that the enzyme is stable
for several hours after protein synthesis is turned
off. :

Inhibitors of isomerase synthesis. The ef-
fect of excess L-leucine, cycloheximide, and pro-
flavine on induction of isomerase synthesis is
shown in Fig. 2. The data indicate clearly that
induction does not occur in the presence of cy-
cloheximide or proflavine, suggesting that pro-
tein and RNA synthesis are required for an
increase in the specific activity of the isomerase.

In addition to proflavine, inhibitors of RNA
synthesis which proved effective in preventing
isomerase production included acriflavine neu-
tral, Lomofungin (Upjohn) (1, 11), and 8-quino-
linol (6). Proflavine was chosen for use in further
experiments because its mechanism of action
(intercalation) is well established (14) and it is
readily available.

Separation of transcription and transla-
tion of the isomerase. Preliminary experi-
ments revealed that isomerase mRNA (as en-
zyme-forming capacity) is synthesized during in-
duction in the presence of cycloheximide and
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Fic. 2. Inhibition of induction of isomerase syn-
thesis. At time zero, mycelia grown in repression
medium were resuspended into induction medium
(@), induction medium supplemented with 300 ug of
L-leucine per ml (repression medium) (O), 4 pg of
cycloheximide per mi (W), or 100 pg of proflavine
per ml (O).
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that translation of the message proceeds after
the block in protein synthesis is removed and
further message synthesis is prevented by incu-
bation in repression medium with proflavine.
However, after removal of the cycloheximide, 2
h of incubation was required before maximum
isomerase activity was obtained, and the final
yield was rather low. In the absence of any
method of estimating mRNA other than by its
ability to direct the synthesis of the isomerase,
it was impossible to determine whether message
synthesis was slow or degradation was extensive
during cycloheximide inhibition.

The capacity to synthesize the isomerase in-
creased significantly under conditions allowing
transcription but preventing translation (Fig. 3).
The capacity to synthesize the isomerase in-
creased significantly during the first 2 h of in-
cubation in induction medium containing cyclo-
heximide, while only a slight increase was ob-
tained in the presence of cycloheximide under
conditions of repression. However, the maxi-
mum yield, after removal of the cycloheximide
and translation in the presence of proflavine,
was only about 10% of that expected when pro-
tein synthesis was unperturbed during induc-
tion. The slight increase in isomerase production
consistently observed under conditions of
repression, while possibly a result of differential
synthesis of protein and RNA at the cyclohexi-
mide concentration used, is more likely to have
resulted from either a small increase in the en-
dogenous concentration of the inducer, a-IPM,
or an increase in the relative amount of the
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F1G. 3. Increase in the capacity to synthesize isom-
erase with increasing duration of the transcription
phase. During the transcription phase, mycelia were
incubated in either induction medium containing 4
1&g of cycloheximide per ml (@) or repression medium
containing 4 pg of cycloheximide per ml (O) for the
length of the time shown on the abscissa, followed
by a translation phase of 2 h in repression medium
containing 100 ug of proflavine per ml.
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message for the leu-3-positive regulatory ele-
ment (17).

Results of an experiment designed to estimate
the time at which isomerase mRNA first appears
after exposure to inducing conditions are plotted
in Fig. 4. In this experiment, induction was al-
lowed to proceed as a function of time in the
absence of inhibitors. At intervals, mycelia were
removed from induction medium and incubated
for 1 h in repression medium containing 100 ug
of proflavine per ml, allowing translation of pre-
formed messenger but within a few minutes (see
Fig. 5B), preventing further message synthesis.
The data, uncorrected for residual message syn-
thesis in repression-proflavine medium, indicate
that isomerase mRNA begins to appear about
12 min after transfer to induction medium.

Isomerase messenger half-life. Retention
of the ability to synthesize the isomerase after
relatively long periods of inhibition by cyclohex-
imide could be taken to mean that isomerase
mRNA has a relatively long half-life. Cyclohex-
imide inhibition, however, has been found to
alter the rate of message turnover (4, 19, 24).
As a consequence, it seemed advisable to obtain
an estimate of isomerase message half-life with-
out the use of inhibitors. This was accomplished
by following the kinetics of isomerase synthesis
after pulse induction (4, 13). Mycelia were in-
cubated for 17 min in induction medium and
then returned to repression medium to shut off
further message synthesis (Fig. 5A). The specific
activity of the isomerase was measured as a
function of time in repression medium. The re-
maining synthesizing capacity, R (defined as the
difference between any point on the induction
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Fic. 4. Time of first appearance of isomerase
mRNA in induced mycelia. Samples of mycelia were
incubated in induction medium for the length of time
shown on the abscissa and then allowed to undergo
translation for 1 h in repression medium containing
100 pg of proflavine per mi.
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curve and the maximum point of the curve),
represents a measure of the amount of isomerase
mRNA remaining at any point in time, on the
assumption that a given amount of messenger
will eventually be translated into a proportional
amount of enzyme. When mRNA synthesis
stops, the rate of decrease of R is a measure of
the rate of decay of functional mRNA. Within
8 min after transfer to repression medium (dur-
ing which time some messenger was still being
synthesized), the kinetics of the decay of R be-
came first order (Fig. 5A). Assuming that isom-
erase mRNA synthesis was completely turned
off during the linear portion of the curve, the
functional half-life of isomerase mRNA calcu-
lated from the slope was found to be 4.0 + 0.6
min (average of four experiments).

The results of a similar experiment in which
proflavine was used to turn off further messenger
synthesis after 24 min in induction medium are
shown in Fig. 5B. The functional half-life of
isomerase mRNA, when calculated on the basis
of these data, was 7.5 + 1.3 min (average of four
experiments).

Due to the difficulties inherent in such exper-
iments, we feel that the results obtained using
these two methods are reasonably consistent.
An isomerase mRNA half-life of 4 to 8 min is
of the same order of magnitude as the half-lives
of many of the messengers of bacteria and simple
fungi (4, 13, 19, 22).

Isomerase production in a strain able to
utilize exogenous a-IPM. a-IPM is imperme-
able to Neurospora (7) and therefore cannot be
used as an inducer in in vivo experiments. Hence
the experiments described above were per-
formed by taking advantage of feedback inhibi-
tion by leucine of a-IPM synthase to regulate
the endogenous production of the inducer. Dur-
ing the course of these studies, a mutant strain
was isolated which is able to utilize exogenous
a-IPM for growth in place of leucine, and several
multiply marked a-IPM-utilizing strains were
constructed by recombination. The kinetics of
isomerase production by one of these strains
after transfer to repression medium to which a-
IPM was added is presented in Fig. 6. The
permeable strain (R59F84-2-61a) used had the
following genotype: leu-4~ leu-1- ipm-1* ipm-
2*. It is blocked both in the synthesis of a-IPM
and in its conversion to leucine, and contains
the two genes necessary for a-IPM uptake (see
below). The isomerase level of the utilizer strain
began to increase within 5 to 8 min after a-IPM
was supplied and leveled off within 3 h, undergo-
ing a 100-fold increase over the basal level. A
leu-4~ leu-1- nonpermeable strain showed little
or no induction under the same conditions.

The production of the isomerase by the
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FiG. 5. (A) Estimation of isomerase messenger half-life by the pulse induction method. At time zero,
mycelia were suspended in induction medium and incubated for 17 min and then returned to repression
medium. Symbols: Isomerase (®); remaining synthesizing capacity, R (O). (B) Isomerase messenger half-life
estimated by the proflavine inhibition method. At time zero, myeclia were resuspended in induction medium
and incubated for 25 min, at which time proflavine was added to inhibit further message synthesis. Symbols

as for (A).
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F1G. 6. Isomerase induction in a strain permeable
to exogenous a-IPM. Mycelia from leu-4~ leu-1- ipm-
I* ipm-2* grown in repression medium (300 pg of L-
leucine per ml) were washed, and then resuspended
in medium containing either repression medium (O)
or repression medium containing 100 pg of a-IPM
per ml (®). Mycelia from leu-4~ leu-1- ipm-1- ipm-
2" were resuspended into medium containing 300 pg
of L-leucine per ml + 100 pg of a-IPM per ml (W).
Insert: Expansion of the first 20 min of the experi-
ment.

permeable double leucine auxotroph as a func-
tion of a-IPM concentration is presented in Fig.
7. Concentrations of a-IPM as low as 20 ug/ml
were sufficient to induce maximum isomerase
production. Surprisingly, even though suppos-
edly a-IPM-impermeable leu-4 mutants would
not grow on minimal medium supplemented
with a-IPM, both leu-4 and leu-4 leu-1 double
mutants were induced to produce some isomer-
ase (specific activity <60) when allowed to grow
from a small inoculum for longer periods of time
(24 h) on leucine in the presence of a-IPM.
Apparently, though unable to utilize exoge-
nously supplied a-IPM to satisfy the require-
ment for leucine, enough a-IPM can get into
tpm" strains for low-level induction of isomerase
synthesis.
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F1G. 7. Isomerase production as a function of a-
IPM concentration. Samples of mycelia from leu-4-
leu-1 ipm-1* imp-2* were suspended in medium con-
taining a-IPM and 300 pg of L-leucine per ml and
then incubated at 34°C with aeration for 8 h before
extraction and assay.

Genetics of the ability to utilize exoge-
nous a-IPM. The a-IPM-permeable strain
(R59F84) was isolated as a spidery colony which
grew on plates supplemented with a-IPM follow-
ing UV irradiation of R59 (leu-4) conidia. Anal-
ysis of segregation from crosses of the leu-4~ a-
IPM-permeable strain to alcoy, the multiple-
linkage-group tester strain (5), seemed to indi-
cate that a gene allowing a-IPM utilization was
linked to leu-4, since leu-4~ utilizing progeny
were obtained at a much higher frequency than
leu-4~ nonutilizing progeny (V. E. Reichen-
becher, Jr., M. Fischer, and S. R. Gross, Genetics
80:567-868, 1975). On the other hand, when a
direct test of linkage was made by crossing a
leu-4~ utilizing strain to an impermeable leu-3~
strain (leu-3 is 10 to 15 map units from leu-4),
about half the prototrophic recombinants were
inducible by a-IPM, indicating no linkage of the
utilizer gene to leu-4. It was later discovered
that an excess of leu-4~ a-IPM-utilizing segre-
gants was obtained in the alcoy cross because,
for some unknown reason, nonutilizing leu-4-
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ascospores frequently do not mature properly
and fail to germinate.

A tetrad analysis of a cross between R59F84
and a wild-type strain (STD8A) revealed that
two genes, ipm-1 and ipm-2, are involved in the
ability to utilize a-IPM (Table 1). We designate
the genes for the ability to utilize a-IPM as ipm-
I" and ipm-2*, whereas we designate the lack
of this ability as ipm-1~ and ipm-2-. (In order
to avoid misunderstanding, it must be empha-
sized that in this case the wild-type allele is
designated with a minus sign.) Since germina-
tion of leu-4~ imp-1~ ipm-2~ ascospores is poor
and representatives of each of the four spores
pairs in each tetrad were required to establish
the pattern of segregation, only 6 of 69 asci
dissected proved useful.

The genotype of each spore pair from the six
complete tetrads was determined directly by
segregation analysis of crosses to tester stocks
derived from tetrads V and XXII (whose geno-
types were deduced from “brother-sister” spore
pair crosses) and matched phenotypically with
regard to pattern of induction and, in the case
of leu-4~ segregants, the growth response to a-
IPM on solid medium. (A trace of L-leucine [0.5
to 1.0 ug/ml] must be included in the sorbose-
containing plating medium to obtain a consistent
response to added a-IPM. Presumably the L-
leucine is required for germination of the conidia
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streaked for test.) The results indicate that a
leu-4~ strain must contain both ipm-1* and ipm-
2* in order to yield confluent growth when in-
cubated on solid medium for 48 h at 34°C in
the presence of 50 ug of a-IPM and 0.5 ug of L-
leucine per ml. leu-4~ strains that were ipm-1*
imp-2- yielded growth from discrete conidial
foci and, as a consequence, were easily distin-
guishable from those that were ipm-1* imp-2*.
Neither imp-1~ imp-2* nor imp-1- ipm-2- strains
grew more than slightly in response to the trace
of L-leucine supplied.

In addition to the above, the data of Table 1
show that both imp-1* ipm-2* and imp-1* ipm-
2~ segregants are inducible by exogenous a-IPM
in liquid culture, while ipm-1- ipm-2- and ipm-
I~ ipm-2* strains are not. We conclude, then,
that the ipm-I1* gene is required for isomerase
induction by exogenous a-IPM and that the
imp-2* gene potentiates the growth response to
a-IPM. There is no evidence of linkage of imp-
1 to ipm-2 or of linkage of either to leu-4.

DISCUSSION

The experiments reported here were designed
to yield information necessary for the analysis
of the molecular events that occur between the
time the induction process for isomerase produc-
tion begins and fully active enzyme is synthe-
sized. The questions asked were of necessity

TABLE 1. Tetrad analysis of a cross of R59F84-1-93a (leu-4~ ipm-1* imp-2*) X STD8A
(leu-4* ipm-1~ ipm-2-)

Spore pair
Tetrad no.
1 2 3 4
\% leu-4* leu-4* leu-4~ leu-4~
i’prg-l‘ imp-2* Lipr(;z;l* ipm-2- ;’pr(;l;l* ipm-2- i'prét-l‘ ipm-2*
nd~ n n nd~
XXI1I leu-4~ leu-4~ leu-4* leu-4*
;’p:z;l* ipm-2* ;’pr:;l* ipm-2- i'pt(;t-l‘ ipm-2- ipr:izl ~ ipm-2*
n n nd~ nd~
LV leu-4* leu-4* leu-4~ leu-4~
ipm-1~ ipm-2~ ipm-1* ipm-2* ipm-1~ ipm-2* ipm-1* ipm-2-
Ind™ Ind* Ind~ Ind*
LVI leu-4* leu-4* leu-4~ leu-4~
ipm-1* ipm-2~ ipm-1~ ipm-2* ipm-1* ipm-2- ipm-1~ ipm-2*
Ind* Ind~ Ind* Ind™
LXVI leu-4* leu-4* leu-4~ leu-4~
ipm-1~ ipm-2~ ipm-1~ ipm-2~ pm-1* ipm-2* ipm-1* ipm-2*
Ind~ Ind- Ind* Ind*
LXIX leu-4 leu-4- leu-4* leu-4*
ipm-1* ipm-2* ipm-1* ipm-2~ ipm-1~ ipm-2~ ipm-1- ipm-2*
Ind* Ind* Ind~ Ind~

« The genotype of each segregant was determined by crossing each to tester stocks derived from tetrads V
and XXII (whose genotypes were derived from “brother-sister” spore pair crosses) and testing all leu-4~
segregants from such crosses for the nature of the growth response to a-IPM on sorbose-containing solid
medium (see text). Isomerase inducibility (Ind) by exogenous a-IPM was determined on mycelia pregrown in
repression medium at 34°C for 13 h and then transferred to fresh repression medium supplemented with 100
ug of a-IPM per ml and incubated with aeration for 3 h at 34°C.
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quite elementary. Is isomerase turnover suffi-
ciently great to be of significance in the regula-
tion of the level of enzyme in the cell? Is synthe-
sis of the isomerase regulated at the level of

transcription or translation? What is the half-.

life of the message? Finally, it was hoped that a
careful analysis of the kinetics of induction
would permit an estimation of the relevance of
endogenous regulation of inducer production to
the synthesis of the isomerase.

Enzyme degradation or turnover does not ap-
pear to play a significant role in the regulation
of the level of isomerase activity in the cell. In
confirmation of the observations of Polacco and
Gross (17), the decrease in the specific activity
observed after transfer of induced mycelia to
repression medium corresponds to the decrease
expected by dilution during growth. As is shown
in the accompanying paper (18), it is difficult to
free the isomerase during purification of a con-
taminating protease. In the absence of demon-
strable turnover of the enzyme, however, it
seems unlikely that proteolytic cleavage is of
physiological consequences to the isomerase un-
der the conditions of the experiments reported
here.

Synthesis of the isomerase appears to be reg-
ulated at the transcriptional level. The experi-
ments clearly show that the capacity to synthe-
size isomerase (presumably mRNA) can be in-
duced even when translation is blocked by cy-
cloheximide. Message synthesized in the pres-
ence of cycloheximide can be translated after
removal of the inhibitor, even when further mes-
sage synthesis is blocked by proflavine. Al-
though the data do not exclude some secondary
translational regulatory step, they do conform
to the suggestion of Polacco and Gross (17),
derived from genetic arguments, that the a-
IPM-leu-3 product regulatory complex acts at
the DNA level to control the rate of transcrip-
tion of isomerase mRNA. It seems reasonable
to assume that the synthesis of the other en-
zymes under leu-3 and a-IPM control (ie., 8-
IPM dehydrogenase and the enzymes of the
isoleucine-valine biosynthetic pathway) is also
regulated at the transcriptional level.

The half-life of isomerase message (4 to 8
min) is within the range reported for several
other messages studied in Neurospora and As-
pergillus (4, 19, 23) and more comparable to
the half-lives of inducible messages in bacteria
than the longer half-lives of messages in animal
cells (hours or days) (2, 21).

The isolation of a strain of Neurospora which
is able to utilize exogenous a-IPM allowed, for
the first time, a study of the induction process
directly by the exogenous addition of a-IPM
rather than by inhibition or stimulation of its
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endogenous synthesis. Because of this, it was
possible to show that completed isomerase mol-
ecules began to appear within 5 to 8 min after
exposure of the permeable strain to a-IPM. This
clearly demonstrates that the speed of isomerase
induction is not too different from that of -
galactosidase in Escherichia coli, in which com-
pleted enzyme molecules first appear within 1.5
to 3 min after exposure to inducer (14), despite
the fact that in Neurospora, in contrast to bac-
teria, completed messages must first be trans-
ported from the nucleus to the cytoplasm before
being translated.

The rate of induction in nonpermeable strains
of Neurospora in response to elevation of the
endogenous concentration of a-IPM is also quite
rapid. Isomerase mRNA can be detected within
12 min and completed isomerase molecules
within 20 min after feedback inhibition of a-
IPM production is released. This response is
only 12 to 15 min (i.e., less than 0.1 of a genera-
tion time) slower than the response seen when
a-IPM is directly supplied to the a-IPM-perme-
able strain. It is clearly rapid enough to add
credence to the proposal that the endogenous
concentration of a-IPM is the major factor gov-
erning the rate of synthesis of the isomerase
and, presumably, 8-IPM dehydrogenase as well
(8). Therefore, during the interval after transfer
of the wild-type strain from high-leucine to min-
imal medium, the following events must occur:
reduction of the effective endogenous L-leucine
pool to a concentration at which feedback inhi-
bition of a-IPM synthase is released; synthesis
of a-IPM in quantities sufficient to induce syn-
thesis of mRNA; completion of the first mRNA
molecules; transport of the mRNA to the site
of protein synthesis; and completion of the first
isomerase molecules. Since isomerase produc-
tion is induced at low concentrations of a-IPM
and the basal level of the isomerase is very low
in the wild-type strain grown in excess L-leucine,
feedback inhibition of a-IPM synthase must be
sufficient to maintain the endogenous a-IPM
concentration at a very low level.

The genetics of the a-IPM-permeable strain
proved to be somewhat complex. This was not
unexpected in view of the difficulty encountered
in obtaining a strain capable of growth on a-
IPM in place of L-leucine. Tetrad analysis had
to be used to discriminate between the several
phenotypic responses to a-IPM displayed by
segregants from crosses to nonutilizing strains.
The segregation patterns obtained in ordered
tetrads indicated the involvement of two mu-
tated, independently segregating genes. One of
them, ipm-I*, permits entry of a sufficient
amount of a-IPM to induce isomerase synthesis,
but not enough for maximal replacement of L-
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leucine for growth. The other, ipm-2*, poten-
tiates the growth response to a-IPM in ipm-1*
strains, but by itself, in ipm-1~ strains, cannot
permit sufficient uptake of a-IPM for either
growth or isomerase induction. The relationship,
if any, between the two genes allowing utilization
of exogenous a-IPM and the inducible system
for transport of C4-dicarboxylic acids described
by Wolfinbarger and Kay (27) is unknown.
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