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STUDIES ON THE ORGANIZATION OF GENES CONTROLLING
LYSINE BIOSYNTHESIS IN NEUROSPORA CRASSA

1: Isclation and characterization of lysine mutants belonging to 4 loci.
MAJEED AHMAD

Institute of Biological Sciences, University of Islamabad. Islcmabed.
AND
A. MOZAMDER. A. BASET, MD. FAYAZ, A. BADRUL, MD. A. RAHMAN, AND B. SaHA.

Dzpartment of Botany. University of Dacca.

Abstract

The classification through heterocaryon and linkage tests of 189 U.V, induced. lysine requiring
mutants of Neurospora ¢ assa showed that they occupy four different loci: 21 belong to locus Tys-1,
34 to locus lys-3, 21 to locus lys-4 and 113 to locus lys-—5. None of the 189 mutants belong to locus
lys-2. This uneven distribution of the mutants amongst the five loci controlling lysine biosynthesis
is perhaps due to the methodology used for collecting these mutants and possibly also due to the
different mutation rates of these loci when subjected to ultraviolet radiation.

Lysine was first isolated from casein hydrolysate by Dreschel in 1889, Its
biosynthesis is known to proceed through two distinct routes (Work, 1955, Vogel,
1960, Battacharjee & Tucci, 1969). One pathway involves diaminopimelic acid as an
intermediate which occurs in bacteria, lower fungi, algae and higher plants. The
other pathway proceeds through alpha-aminoadipic acid and is met with in Neurospora,
yeast and other fungi.

The sequence of Lysine biosynthesis in Neurospora alongwith the erzymes
involved, and the genes coding for them is shown in Fizure 1. A condensation of acetyl
Co A and =-Kstoglutaric acid gives homoc'tric acid, which is converted through a
series of reactions, analogous to those of citric acid cycle, into cis-homoaconitic acid
(B), homoisocitric acid (C), Oxaloglutaric (D), +-Ketoadepic acid (E), a-amincadipic
acid (F), e-amino-delta—semialdeyde (G), Saccharopine (H), and finally to lysine (1).

Doermann (1946) demonstrated that lysine biosynthesis in Neuwrospora is
controlled by at'east 4 different loci: lysine-l (Iys-1), lysine-2 (lys-2), lysine-3 (lys-3)
and lysine-4 (lys-4). Lys-| was shown by Grant (1945) to be located in linkage group
V (Barratt et al 1954). Turpin & Broquist (1965) demonstrated that it controls the
conversion of g-Ketoadipic acid to «-amincadipic acid. Lys-2 was shown by Ahmad
{1966) to be located in the right arm of linkage group V. Jones & Broquist (1966)
have established that it controls the structure of aminocadipic semialdehyde glutamate
reductase which is responsible for the formation of sacct aropine from alpha-amino-
delta-semialdehyde. Lys-3 was mapped by Ahmad (1964) in linkage group I, Turpin
& Broguist (1965) iliucidated that it controls the conversion of alpha—amincadipic
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acid to alpha-amino-delta-semialdehyde. Lys-4 was shown to be located in linkage
group I, right arm by Perkins (1959) and Perkins et al. (1962). Saunders & Broquist
1966) established that it controls the structure of saccharopine dehydrogenase which
is responsible for the formation of lysine from saccharopine.

As lysine is an essential aminoacid, it was decided to induce further lysine
mutants in Neurospora crassa and examine whether any additional loci (other than
the four already reported) could be uncovered for the synthesis of lysine. It was
sought to study the organization and genetic fine structure of the loci controiling
lysine biosynthesis in Neurospora crassa.

Materials and Methods

One hundred and eighty nine U.V. induced lysine mutants were obtained
in two separate experiments from the strain Emerson a (5297), follcwing the techniques
of Ahmad & Catcheside (1960). ‘Fhey were grouped by hetercaryon tests.

The following representatives of the seven linkage groups were used as markers:

Linkage group I : Lysine-3, 4545; lysine-4, 1569, nicotinic-1, 3416; arginine-!
46004.

5

Linkage group I : arginine-5. 27947; aromatic, Y 7655.

Linkage group III : tryptophan-1, 10575; leucine-1, 33757.

Linkage group IV : tryptophan-4,Y 2198.

Linkage group V : Methionine-3, 36104; lysinel-1, 33933 and lys-2, 537.
Linkage group VI : Tryptophan-2, 75001 ; Asco, 37402.

Linkage group VII : Nicotinic-tryptophan, 65001.

Media and methods used were the same as reported by Ahmad et al (1964,
Ahmad et al 1967 and Ahmad & Islam (1969). Linkage and allelism of different
groups of mutants were determined by counting wild-type and mutant ascospores
and estimating percentage of recombinants or linkage value by the following formula :

Wild-type spores x 2 x 100

Total
Results

Grouping of 189, U.V. induced mutants was tirst done by heterocaryon tests.
Linkage tests were then done to identify the locus to wi:ich each group of mutants
belonged. Fifty nine mutants collected in the first exretiment fellinto 4 groups by
heterocaryon tests (Table 1) wlile 130 mutants collected in the second experiment
fell into 7 groups. Linkage ard allelism tests (Table 2 and 3) showed that mutants
in groups I, II, III and IV belcnged to loci lys-1, lys-3, lys-4, ard lys-5, respectively.
Mutants falling under groups V, VI and VII by heterocaryon tests were also found
to belong to locus lys-5.  Of the 189 mutants, 21 belong to locus lys-1, none to lys-2,
34 to lys-3. 21 to lys-4 and 113 to lys-5.
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Discussion

As a result of irradiation of the conidia of Neurospora crassa wild tyre strain
Ema, 189 new lysine mutants were collected. While heterocaryon studies suggested
that they fall into 7 groups, linkage and allelism tests revealed that they comprise
only 4 groups. This study thus demonstrates that classification of mutarnts by heterc-
caryon tests gives only tentative information. The actual number of loci occupied
by a set of new mutants can only be determined by recombination tests.

Of the 4 groups identified by genetic studies, the first group comprising 21
mutants belonged to locus lys-1. The second group comprising 34 mutants belonged
to locus lys-3. The third group consisting of 21 mutants occupied locus lys-4. The
fourth group comprising 113 mutants was found to occupy the locus asco in linkage
group VI (Tablss 1,2 and 3).

When group [V lysine mutants appeared to be allelic to asco. Ahmad et al.
(1960) tested asco for lysine requirement. It indeed proved to be deficient for Iysine.
As a matter of fact, asco was discovered as a lysine mutant (37402) by Gocd (1951)
and studied by Stadler (1956). The maturation of ascospores in this mutant is
delayed: the spores are white and wusually non-viable. Stadler, therefore,
elassified it as an ascospore lethal and named it ‘asco.” But ths designation, i.e.
asco, suppressed. the fact that it is deficient in lysine. In the first experiment. 40
out of 539 mutants i.e. about 68 % belonged to group IV. When this group of mutants
proved to be non-alle'ic to the four well estab'ished Joci, controlling lysire biosyn-
thesis in Neurospora, Ahmad and co-worke rs, were surprised as to how such a lysine
locus had remained undetected by previous workers. When the linkage studies
revealed that it was located in linkage Group VI and was allelic to asco. they were
designated the locus as lys-5 (Ahmad et al 1960). this locus was thus finally granted
its right place amongst the loci connected with lysine metabolism in Neurospora.
Later, Perkins et al (1962) reached the same conclusion and desigrated the locus as
lys-5 in the map of linkage group VI

Two striking facts emerge from analysis of the distribution of 189 mutants
amongst the five lysine biosynthesis controlling loci in Neurospcra. First, r o mutant
was recovered for locus lys-2 in both the experiments. Secondly mutants for locus
lys-5 were about five times as many as mutants for loci lys-1 and lys-4 and about
three times as many as for locus lys-3.  Hence the distribution of the 189 mutants
amongst the five lysine loci is uneven.

Ahmed et al (1976) came across a similar situation of uncven distribution of
mutants amongst leucine loci. They conducted a reconstruction experiment by
mixing equal propor‘ions of standard alleles for the four leucine loci: leu-1, leu-2,
leu-3 and leu-4, and subjected them to the same methcdology that they used for
isolating lysine mutants. Again, amongst the mutants isolated, recovery of the re-
presentatives of the four loci was far from being equal. They, therefore, concluded
that the uneven distribution of the leucine mutants induced by them may be ascribed
to their technigue of collecting mutants. However, they did recover some mutants
for each one of the four loci in the reconstruction experiment. Further, frequency of
induced mutants for various loci turned out to be different from the frequency of
mutants recovered In reconstruction experiment. They, therefore, concluded that
part of the uneven distribution of mutants seems to stem from the different mutation
rates of the different leucine loci when subjected to ultra-violet radiaticn. Hence
same conclusions have been drawn for lysine mutants as well.
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