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Sample locality Date No. of Frequency of genotypes Allele frequency
specimens Ldh-1 Ldh-2
Ldh-1/Ldh-1 Ldh-1[Ldk-2 Ldh-2[{Ldh-2 X2
Volano Beach September 1971 476 Obs. 165 234 77 0.22 0.592 0.408
{Adriatic Sea — 100 km south Exp. 166.8 239.9 79.2
of Venice)
September 1972 421 Obs. 149 209 63 0.53  0.602 0.398
Exp.152.5  201.7 66.6
The Gulf of Naples September 1972 706 Obs. 286 317 103 098  0.629 0.371
(Tyrrhenian Sea) ) Exp. 279.3 329.5 97.1

Our hypotheses were also confirmed by the good fit
between the observed and expected gene frequencies
(see the Table). The gene frequency was nearly identical
in the various populations. This is not surprising in view
of the wide range and high rate of migration of Belone
belone populations living in the Mediterranean Sea.

The foregoing observations show that both Adriatic
and Tyrrhenian populations of Belone belone contain
2 panmictic homozygous genotypes of LDH isocenzyme
(Ldh-1/Lah-1 and Ldh-2/Ldh-2), which through inter-
breeding, yield a hybrid (Ldk-1/Ldh-2) displaing inter-
mediate features.

Riassunto. Gli isoenzimi della’ LDH di Belone belone si
presentano multipli e polimorfi all’analisi elettroforetica.
Nelle popolazioni studiate si mettono in evidenza 3
genotipidiversi, 2 dei quali a se stanti ed 1 con caratteristi-
che intermedie. L’ibridazione molecolare in vitro ed il
confronto fra le frequenze genotipiche osservate e teoriche
dimostrano che si tratta di 2 genotipi omozigoti che
incrociandosi danno un ibrido con caratteristiche inter-
medie.

C. CaLLEGARINT and D. Ricct

Istituto di Anatomia comparata, via Scienze, 17,
1-44700 Fervava (Italy), 2 April 1973.

Effects of Glycine and Serine on Serine Hydroxymethyltransferase Levels in
Logarithmic Cultures of Neurospora crassa Wild Type and Ser-1 mutant

From recent detailed investigations it is clear that
the formation and metabolism of one-carbon units in
microorganisms is finely regulated. This may be achieved
by repression'~® of certain key pteroylglutamate?®
dependent enzymes and by feedback inhibition of their
activity $10-13 As the serine hydroxymethyltransferase
reaction is generally considered to be the major physio-
logical route for synthesis of C-1 units it is conceivable
that the formation as well as metabolism of 5,10-CH,-
H,PteGlu will be controlled in these systems. In Escheri-
chia coli 113-3 such control is exerted by exogenous
L-methionine? which regulates the availability of C-1
units by repression and derepression of serine hydroxy-
methyltransferase. In an amethopterin-resistant strain
of Streptococcus faecium® high levels of L-serine in the
culture medium cause some repression of this enzyme’s
synthesis. In Sacchavomyces cevevisiae, where the §-
carbon of serine is a ‘direct precursor of the methyl
carbon of methionine'4, it is clear that synthesis of
5-CH;-H, PteGlu is regulated by this latter amino acid 813
and that glycine stimulates formation of serine hydroxy-
methyltransferase15.

As part of a continuing study® 1 of C-1 metabolism
in fungi, the present investigation has examined the
possible regulation of serine hydroxymethyltransferase
by glycine, serine and methionine in Neurospora crassa
wild type. Comparative studies with a N. crassa serine-
glycine auxotroph (Ser-7), known to be deficient in
synthesis of serine from phosphohydroxypyruvatels,
are also reported.

Materials and method. Newrospora crassa Lindegren
A (FGSC no. 853) and Ser-7 mutant strain H605a
(FGSC no.118) were cultured aerobically at 25°C in the
minimal medium of WESTERGAARD and MiTcHELLY
modified to include ammonium citrate!®. 6 1 aliquots of
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the media (medium M) were inoculated with freshly
harvested conidia to give an initial concentration of
3 X 10% conidia/ml. The culture vessels were vigorously
aerated with sterile air for periods up to 25 h. Samples
were removed during growth, harvested by rapid filtra-
tion and immediately placed in liguid N,. For dry weight
determinations, filtered samples were washed with
acetone!® and dried prior to weighing. In several exper-
iments medium M was supplemented with glycine and
L-serine as summarized in the Results.

For enzyme studies the mycelial samples were ground
at 2°C, within 24 h of harvesting, in a buffer containing
Tris-HCl, 0.2 M; KCl, 10 mM; EDTA,10 mM; MgCl,,
1 mM; dithiothreitol, 0.1 mM (pH 7.4). After centri-
fugation (15,000 X g for 20 min) samples of the extract
were passed through' columns of Sephadex G-15. Serine
hydroxymethyltransferase activity was assayed by the
method of Tavror and WeissBacu?. Labelled 5,10-
CH,-H,PteGlu, formed in the reaction, was converted
to the formaldehyde-dimedon adduct and assayed for
UC by liquid scintillation counting#!. Protein was assayed
colorimetrically 22. Specific enzyme activities are expressed
as nmoles product formed/min/mg protein under the
standard assay conditions.

Results and discussion., From Figure 1 it is clear that
the wild type displayed logarithmic growth in unsupple-
mented medium M, 17-20 h after inoculation. After this
period the culture entered the stationary phase. Cultures
receiving supplements of serine, glycine and methionine
at 0.1 mM by comparison, displayed logarthmic growth
for longer periods. Changes in the specific activity of
serine hydroxymethyltransferase were observed (Table
1) when extracts were prepared from such cultures.
During culture in medium M the specific activity declin-
ed by approximately 40%,. In contrast, cultures receiving
supplements ‘of glycine had higher enzyme levels and
these were increased during growth. Serine at 1 mM
gave a similar effect. When the medium was supplement-
ed with L-methionine the specific activities were again
higher than those of the control. This finding suggests
that synthesis of serine hydroxymethyltransferase in
N. orassa may not be repressed by exogenous L-methionine
as occurs? in E. coli 113-3. This amino acid also failed
to decrease enzyme activity in vitro (Table II}.
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In studies with the Ser-1 mutant (Figure 2) some
growth was observed in the absence of glycine or serine.
This growth was not appreciably increased by additions

Table I. Specific activity of serine hydroxymethyltransferase after
culture of N. crassa wild type in supplemented minimal medium

Supplement of Age of culture (h)

minimal medium 18 20 22 24
None 1.30 0.96 0.95 0.79
Glycine (1 mM) 1.95 3.11 3.13 3.56
Glycine (0.1 mM) 1.32 2.20 2.62 2.55
Serine (1 mM) 1.28 1.97 2.23 3.84
Serine (0.1 mM) 1.59 1.96 1.06 1.66
Methionine (0.1 mM) 2.48 2.24 2.20 1.91

Table II. Serine hydroxymethyltransferase of N. crassa wild type.
Lack of inhibition in vitro by L-methionine

Final concentration
of L-methionine in
reaction system (mM)

Enzyme activity
{nmoles product formed/10 min)

0 0.32
0.33 0.31
0.66 0.33
1.65 0.30
3.30 0.31

Cell-free extracts were prepared from mycelia harvested after 24 h
of growth at 25°C in the minimal medium M. After gel filtration,
enzyme activity was assayed on aliquots containing 18 ug protein
using the standard reaction system.
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Fig. 2. Effect of media supplements on the growth of N. crassa Ser-7
mutant. Cultures were treated as in Figure 1.
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of glycine (1 and 10 mM). Greater increases in dry weight
were however observed in the presence of L-serine. As
this mutant lacks ability to catalyze the transamination
of phosphohydroxypyruvatel® it follows that sufficient
synthesis- of serine to support a relatively low rate of
growth may occur via the serine hydroxymethyltrans-
ferase reaction. Extracts of this mutant were found to
contain this enzyme activity. During the period of growth
examined in Figure 2 the specific activity rose from 0.9 to
1.2 and from 0.8 to 1.9 in the 10 mA/ serine and unsupple-
mented cultures respectively. In more detailed studies
(Figure 3A and B) cultures were aerated in medium M
for 18 h at which time various supplements were made.
Addition of 1 mM serine resulted in an increased growth
rate but glycine at 1 and 10 mM failed to give this effect
within 7 h. Some stimulation of growth rate was observed
when glycine and formate at 10 mM were added together
(Figure 3B). These treatments affected enzyme levels
as summarized in Table III. Enzyme levels in 1 mM
serine-supplemented cultures were similar to those
of the control. In glycine at 10 mM the specific activities
were above those of the control and this stimulatory
effect was further increased when medium M was supple-
mented with glycine and formate. Formate, when added
to medium M alone, did not increase enzyme levels
above those observed for glycine at 10 mM .
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E;/ Fig. 3. Growth .of N. crassa Ser-1 mutant
/' following additions of glycine, serine and
* formate to the minimal medium. Cultures in
23~ 5/ minimal medium M were aerated at 25°C for
/[ : /f 18 h. Supplements of the amino acids and
14— — 1+ T formate were made as indicated by the arrows.
19 21 23 25 h 18 20 23 25 h Cultures M (@) did not receive supplement
TIME and served as controls,

Table I1I. Effects of media supplements on the specific activity of serine hydroxymethyltransferase in the Ser-7 mutant

Time after supplement made {h)

Supplement of medium M

None Serine Glycine Glycine Glycine + formate
(1 mM) (1 mM) (10 mM) (10 mM)
2 1.16 — 1.15 2.07 1.83
— 1.97 1.99 2.56 2.94
2.13 2.32 2.35 4.35

7 191

Supplements were made to 18-h-old cultures aerated in minimal medium at 25°C. Specific enzyme activity before making the supplements

was 0.76.
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The effects of glycine on the levels of serine hydroxy-
methyltransferase in both the wild type and Ser-7 mutant
suggest that synthesis of this enzyme may be to some
extent regulated by exogenous glycine. This effect would
have physiological significance if the serine hydroxy-
methyltransferase reaction served as a route for serine
synthesis in Neurospora. Evidence for involvement of
this enzyme in serine synthesis is well documented for
several organisms including Sacchavomyces?:24:15, In
the latter species glycine can serve as the precursor of
the f-carbon of serine? and may act also as an inducer
of serine hydroxymethyltransferase synthesis!s. From
the present studies it would appear that glycine and to
a lesser extent serine, can regulate this key enzyme of
C-1 metabolism in N. crassa. The origins of the C-1 unit
required for synthesis of serine from glycine remain to be
elucidated. If 5,10-CH,-H,PteGlu readily arises from
glycine in the Ser-7 mutant it is difficult to account for
the lack of appreciable growth stimulation when glycine
was supplied exogenously (Figure 3). On the other hand,
if C-1 units for serine synthesis arise via 10-HCO-H,PteGlu,
formate together with glycine would serve as precursors
of serine formed in the serine hydroxymethyltransferase
reaction. These and related possibilities are currently
nnder more detailed investigation.

Résumé. Dans un milien minimal la glycine et la sérine,
ajoutées en concentrations physiologiques, augmentent
le taux de la sérine-hydroxyméthyltransférase durant
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la croissance logarithmique du Newrospora cvassa. La
glycine influence également la synthése de cet enzyme
chez le mutant Ser-7 de Neurospora. Ainsi la glycine
exogéne exerce une régulation de la sérine-hydroxy-
méthyltransférase et cet enzyme joue un rdle possible
dans la synthése de la sérine dans cet organisme en
phase logarithmique de croissance.
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Effect of Wall-Degrading Enzymes on Protoplasts Transaminase Activity

Eliminating plant cell walls in order to obtain large
amounts of protoplasts is usually achieved by using
enzymes which destroy the skeletal envelope®. But such
enzymes may alter some of the protoplast properties. It
was, therefore, necessary to ascertain such a probable
deterioration. Since protoplasts can be produced by slicing
walls’ with no biochemical treatment? a comparative
study of both kinds of protoplasts might possibly solve this
question. In fact, it has been observed® that the trans-
aminase activity of protoplasts enzymatically prepared
from Allium rtoots was frequently lower than that of
protoplasts mechanically obtained. However, such a
comparison was not very helpful because the volume and
the nature of the cells giving protoplasts and the size of

the protoplasts themselves depend to a large extent on .

the two techniques adopted®. To decide whether wall-
destroying enzymes really change the protoplasts
metabolism during their enzymatical preparation, the
effect of these enzymes has to be directly tested on the
protoplasts obtained mechanically. The biochemical
reactivity of the protoplasts will be analysed by measur-
ing — as done previously® — their transaminase activity.

Roots (30 mm 4 3) of Allium cepa were used®. After
removing the tip (3 mm) and first soaking (5 min) in 20%
sucrose solution, they were cut into small sections which
were placed immediately (85 min) in a solution of sucrose
(20%) and NaCl (1.2%)2. On.both faces, each thin root
section gave protoplasts (approximately 4.5 X 10 +1 X 10¢
for 20 g of roots). The protoplasts suspension was im-
mediately used or stored (dark, 25°C + 0.5) in a 20%
sucrose solution with Penicillin G (Specia) at 8 x10-% M.
and with or without enzymes mixture. Penicillin was found
to be ineffective on cells of higher plants® but it stopped
any bacterial contamination for at least 16 h. It has to be
noted that the enzymes used were not purified and

undoubtedly contained many different active species?.
Theincubation (12h), thenature (Macerozyme [pectinases] :
UNWIN, Herts; Cellulase ONOZUKA P 1500: All
Japan. Biochem.) and the concentration (5%) of the
enzymes were chosen identically to those previously
adopted for the enzymatical preparation of protoplasts®.
Because of the optimal pH of the enzymes?®, all the
solutions were buffered at pH 5.0 4- 0.3. Before extracting
the enzymes, the protoplasts were washed carefully 4
times with a buffered 209, sucrose solution®. Isolating
the transaminasel® was adapted to the protoplasts?,
and the Aspartate-aminotransferase (EC 2.6.1.1) was
analysed (incubation: 60 min; 37°C 4-0.5) by determining
spectrophotocolorimetrically (492 nm) the coloured
hydrazones formed after using a pyruvate standard ™.
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