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1. INTRODUCTION

THEp))r-3 mutants of J'feurospora crassa appear to be blocked in. pyrimidine
synthesis at or prior to the reaction catalysed by the enzyme aspartate
transcarbamylase (ATC) (Suyama, Munkres and Woodward, 1959;
Davis, 1960; Davis and Woodward, 1962). The reaction, which
involves the coupling of carbamyl phosphate (CAP) and aspartate to
yield ureidosuccinic acid (US), cannot be catalysed by extracts of 40
of the 50pyr-3 mutants tested (Davis and Woodward, 1962). However,
the other ten mutants appear to have ATC activity which is quanti-
tatively similar and, by kinetic criteria, qualitatively indistinguishable
from that found in wild type (Davis, 1960; Davis and Woodward,
1962). Genetic analyses of the pJr-3 mutants yield a highly reproducible
map of the locus, within which the two kinds of mutant are scattered
without definite grouping (Suyama, Munkres and Woodward, 1959;
Davis and Woodward, 1962). This finding suggests that the pjr-3
locus is responsible for a single protein with two functions (the " two
functions" refer to the synthesis of CAP from CO3 and NH3 and to
the coupling of CAP and aspartic acid to yield US; however, the
synthesis of US from CO2 and NH3 may be a one-step reaction catalysed
by a single protein), only one of which, the ATC reaction, has been
identified (Davis and Woodward, 1962).

The bifunctional nature of the locus is further indicated by corn-
plementation experiments (Woodward, 1962; Davis and Woodward,
1962). Two distinctly different types of heterocaryon are formed by
the pyr-3 mutants: the first type is rudimentary and the second is
vigorous, the growth rate approximating that of wild-type. A corn-
plementation map based on both types of heterocaryon is complex
and only casually related to the genetic map of the locus (Woodward,
1962), but if the rudimentary types and the non-complementing pairs
are pooled, the complementation map is found to consist of two com-
plementing groups and a large "non-complementing" class (Davis
and Woodward, 1962). One of the complementation groups consists
of all mutants having ATC; the other group consists of a single
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ATC-less mutant, KS-43. The "non-complementing" class contains
the rest of the ATC-less mutants. These results indicate that the
non-complementing mutants are deficient in two functions, only one
of which is missing in each of the other classes (Woodward, I 962;
Davis and Woodward, 1962).

It is probable that the other function (besides the ATC reaction)
involved here is the synthesis of CAP (Davis, 1960; Davis and Wood-.
ward, 1962; Davis, 1g62a). This is suggested by the fact that a
non-allelic mutation, s, which reduces ornithine transcarbamylase
(OTC) activity to less than five per cent, of normal, leads to an
elimination of the pyrimidine requirement (suppression) of the )r-3
mutants having ATC (Davis, 1961; Davis, 1962a; Davis, 1962b).
Since the OTC reaction utilises CAP for arginine synthesis, a reduction
of OTC activity of this magnitude probably reverses a deficiency in
the production of a pyrimidine-specific CAP in such mutants. That
there may be a pyrimidine-specific source of this compound is consistent
with the view that its synthesis is normally tied directly to its utilisation,
on the same protein, via the ATC reaction (Davis and Woodward,
1962).

The notion of a bifunctional protein remains to be proven directly;
however, the following evidence is further indirect support for the
hypothesis. It concerns the conversion of a non-complementing,
ATC-less jyr-3 mutant which is not suppressible by s, to a complement-
ing form containing ATC, and suppressible by the s gene, all as a
result of an "ultraviolet induced" mutation.

2. EXPERIMENTAL

The strains of .J'Teurospora crassa used were KS-23, KS-43, col-4, al-2,
37301 (pyr-3a), and the wild type 73a. KS-23 is a pyr-3 mutant
characterised by its lack of ATC activity (Davis and Woodward,
1962), its inability to complement KS-43 (Woodward, 1962; Davis
and Woodward, 1962), its reverse mutation rate (Suyama, Munkres
and Woodward, 1959), the yield of prototrophs when mated to other
pyr-3 mutants (Suyama, et al., ig) and by its unsuppressibility by the
s gene (Davis and Woodward, 1962). It is located near the distal end
of the pyr-3 gene (Suyama et al., 1959). KS-43 is the ATC-less mutant
able to complement all mutants having ATC; it is unsuppressible by
the s gene and it is located at the proximal end of the yr-3 gene. The
other mutants of the yr-3 series have been described previously
(Suyama, Munkres and Woodward, 1959; Woodward, 1962; Davis
and Woodward, 1962).

To select mutations affecting the ability of KS-23 to complement
KS-43, the double mutants, KS-23 col-4 and KS-43 al-2, were con-
structed. Conidia of KS-23 cOl-4 were irradiated with an LD-5o dose
of ultraviolet light and overplated onto conidia of KS-43 al-2 on
minimal agar medium containing 075 per cent. sorbose. Hetero-
caryons containing complementing KS-23 and KS-43 nuclei were
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identified by their wild-type morphology, and from these, col-4 and al-2
homocaryons were recovered. The KS-23 col-4 strains retrieved by
this procedure were retested for their ability to complement KS-43,
and when complementation was observed, the following tests were
made: the altered KS-23 strains were back-crossed to the original,
unirradiated KS-23 strain; they were crossed to KS-i 7 and KS- 125
(mutants of the p))r-3 gene lying on either side of the KS-23 site); they
were crossed to wild type; the spontaneous and ultraviolet induced
reverse mutation rates were measured; they were tested for ATC
activity (Davis, 1960; Davis and Woodward, 1962) and for their
suppressibility by the s gene (Davis and Woodward, 1962).

3. RESULTS AND DISCUSSION

Approximately 25 heterocaryons between irradiated KS-23 and
KS-43 were isolated. Since the homocaryotic KS-23 mutants recovered
from the heterocaryons were alike in their ability to complement KS-43,
reverse mutation rate, yield of prototrophs with closely linked mutants
and suppressibility by s, only five (b1C7, bC3, etc.) were kept for
detailed analysis. Table i shows the specific activity of ATC in
acetone powder extracts of these 5 strains along with that of yr-3a

TABLE i

A TC activity of five independently isolated, altered KS-23 straifl.S, pyr-3a and KS-48

Mutant S.A. of ATC Grown on

b2C1
b2C3
b2C4
b2C5
b2C,

pyr-3a
KS-48

234
P51
205
2'56
o86
3-826

50 jig UD/mi.
50
50
50
50
50
50

and KS-48 for comparison. The latter mutants are representative of
the class of mutants possessing ATC (Davis and Woodward, 1962).

Strain b2C7 was crossed to the wild-type, 73a, and from the cross
the pyrimidine requiring progeny (X-i, X-2, etc.) were tested for
complementation with KS-43. Nearly 2000 pyrimidine requiring
progeny from this cross were able to complement with KS-43, and
20 have been shown to possess in vitro ATO activity equivalent to
wild-type. A sample of these is shown in table 2. Fourteen of the
progeny were then crossed to the suppressor mutant, s, and all 14 were
found to be suppressible (table 3).

From these data, it can be seen that the altered strains derived from
irradiated KS-23 col-4 conidia and the pyrimidine requiring progeny
of crosses of one of these to wild-type are uniform in respect to com-
plementation with KS-43, ATC activity and suppressibility by s.



24 V. W. WOODWARD AND R. H. DAVIS

It has been reported (Woodward, 1962) that the reverse mutation
rates of several of these strains are identical to the original KS-23
mutant and that the frequency of prototrophs recovered from crosses
between these mutants and closely linked, yr-3 mutants, i.e., KS- 17
and KS-125, is the same as with the original KS-23 mutant.

TABLE 2

A TC activit, of several progeny from crosses between altered ICS-23 strains and wild-type

Strain S.A. of ATC Grown on

X-i
X-2
X-3
X-4
X-i6

282
202
290
102
217

50 jg UD/inl.
50
50
50
50

TABLE

Crosses between s and altered KS.23 mutants yield progeny all of which are
suppressible by s

Cross
No. and per cent.

pyr progeny
No growth

on mm OTC
growth
on mm OTC

X-2(5) x s
X-2(a) xs .
X-2(6) X $ .
X-6(18)xs
X-6(ig)xs
X-6(21)xs
X-6(8)xs
X-23(3) X5
X-23(5) xs
X-23(6) x s
X-23(7) )< S
X-23(II)xs

.

.

.

.

.

.

.

.

.

.

.

.

8 (36)
13 (3!)
24 (44)
22 (42)
29 ()
26 (so)
28 (47)
33 (6o)
20 (34)
i8 (35)
22 (76)
20(49)

4
6

'5ii
14
9

15
12

g
11
g

+
+++
++
+
+
+
+
+
+

4
7
9iiz

17
13
2!
ii
9

11
II

— (all tested)— (3 tested)— (3 tested)
—(3 tested)— ( tested)— ( tested)— ( tested)— ( tested)— (3 tested)— (3 tested)— (3 tested)—( tested)

X-23(!o)xsX-ixs
.
.

22 (39)
9(25)

9
6

+ 13 —(3 tested)

From the crosses between altered KS-23 and the original KS-23,
more than 5 X io ascospores from each of 5 crosses failed to yield
prototrophs. A sample of the pyrimidine requiring progeny from the
cross showed a i : i segregation for the ability to complement KS-43.
Actually of the 40 progeny tested, 23 were unable and 17 were able to
complement KS-43.

The results presented show that KS-23, a non-complementing,
ATC-less, pyr-3 mutant can be converted by mutation to a complement-
ing type which possesses ATC. These alterations of phenotype may be
due to mutation of a modifier within the pyr-3 gene, since, with one
exception, all of the 2000 pyrimidine dependent progeny of the
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altered strain and wild-type are of the altered phenotype. The one
exceptional isolate is presumptive evidence that the alteration is at a
mutational site distinct from the original KS-23 site. Inasmuch as
KS-23, carrying a single mutation, can regain ATC activity in this way
while retaining a pyrimidine requirement, the data can be most simply
interpreted as evidence that the original mutant was deficient in two
enzymatic functions. The results, therefore, support the interpretation
of past work, summarised above, from which the bifunctional nature
of the r-3 gene was originally inferred.
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