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Abstract—A polynucleotide (or a fragment of RNA) was purified to apparent homogeneity by HPLC from mycelium
of the wild strain 74A of the mould Neurospora crassa, after growth on sucrose and in the presence of saturating
amounts of inorganic phosphate (Pi) for 72 hr at 30°. The M, was ca 20000 as determined by HPLC at pH 6.8.
Polynucleotide synthesis ranged from 4.0 to 6.5 ug polynucleotide per mg dry mycelium in mycelium of the wild strain
74A and the various phosphorus regulatory and structural mutant strains of the mould N. crassa. Kinetic data
showed that the polynucleotide interacts with mycelial Pi-repressible alkaline phosphatase by inhibiting its p-
nitrophenylphosphatase activity and by protecting the enzyme against thermal inactivation in the presence of high
concentrations of ammonium sulphate.

INTRODUCTION 400

Several proteins of known enzymatic function that are 300

apparently unrelated to RNA metabolism have been
found to possess RNA-binding activities [1]. Although
their binding specificity and physiological relevance are
not well defined, it is possible that RNA-enzyme interac-
tions participate in either post-transcriptional (auto)re-
gulation or metabolic regulation mechanisms involving
oligoribonucleotide or a fragment of RNA [1, 2]. RNA-
enzyme interaction could also be involved in regulating
the localization of an exportable enzyme or its interac-
tion with membranes [3,4].

In the present paper we report the purification of
a polynucleotide (or a fragment of RNA) which is consti-
tutively synthesized by the wild strain 74A of the mould
Neurospora crassa. Some properties of the purified o \ L \ ) .
polynucleotide such as the M, and the effect on mycelial 0 10 20 30 40 50
inorganic phosphate (Pi)-repressible alkaline phos-
phatase synthesized by N. crassa were also determined.
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Fig. 1. Thermal stability of purified alkaline phosphatase syn-
thesized by mycelium of N. crassa grown in 50 yuM Pi for 72 hr
by standing at 30°. The purified enzyme was incubated for the
time indicated at 50° in 0.2 M Tris—HCI buffer, pH 9. O and
M represent velocities of the enzyme synthesized at pH 5.4 and

RESULTS AND DISCUSSION

The results presented in Fig. 1 show that the mould

Neurospora crassa synthesizes a factor that protects Pi-
repressible alkaline phosphatase against thermal inac-
tivation at 50° in the presence of high concentrations of
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pH 7.8, respectively, with no further additions. O and @ repres-

ent velocities of the enzyme synthesized at pH 5.4 and pH 7.8,

respectively, in the presence of 4.2 M (NH,4),SO,. A and A rep-

resent velocities of the enzyme synthesized at pH 5.4 and pH 7.8,

respectively, in the presence of the supernatant recovered in the

95% (NH,),SO, saturation, and obtained by salt fractionation
of the crude extract.
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Fig. 2. Effect of concentration of the polynucleotide on the
p-nitrophenylphosphatase activity of purified alkaline phos-
phatase synthesized by mycelium of N. crassa grown in 50 uM
Pi, pH 5.4. The purified enzyme was incubated for 1 hr at 50° in
0.2 M Tris—HCl buffer, pH 9, containing 1.3 M (NH,),SO, (final
concentration) in the absence and presence of various concentra-
tions of polynucleotide. Curves represent the effect of polynuc-
leotide purified from mycelium grown on high (@) and low (O)
Pi medium, respectively.

ammonium sulphate. The enzyme stabilizing factor was
detected in the supernatant of mycelial extracts precipi-
tated with ammonium sulphate up to 95% salt satura-
tion and was!characterized as a polynucleotide because it
did not reveal colorimetric reaction for proteins and
deoxyribose, its ultraviolet absorption spectrum showed
maximum absorbance at 257 nm, and the A,¢o/A2s0
ratio was ca 1.98. A molar ratio of 1: 1:1 was found for
Pi/ribose/nitrogen bases.

Mycelial specific activities for polynucleotide synthesis
(values ranging from 4.0 to 6.5 ug polynucleotide per mg
dry weight mycelium) showed that N. crassa synthesizes
this polynucleotide constitutively, i.e. regardless of the
extracellular pH and Pi concentrations. Almost the same
specific activities for polynucleotide synthesis were ob-
served in mycelium of the various phosphorus regulatory
and structural mutant strains grown on diffferent media
(nuc-1A, nuc-2A, preg®, pcon®, pho-2A and pho-3A).

The procedure described here provided good condi-
tions for the purification of the major polynucleotide
synthesized by mycelium grown on both 50 uM and
5mM Pi that protects Pi-repressible alkaline phos-
phatase against inactivation. All preparations (at least
four independent preparations of each growth condition)
appeared to be homogeneous by HPLC at pH 6.8, with
the sharp peak having a retention time of ca 16 min and
representing at least 98% of the total polynucleotide
injected. The M, of the purified polynucleotide was ca
20000 as determined by HPLC, indicating that it may be
composed of about 60 ribonucleotide residues. Although
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Fig. 3. Double reciprocal plots of velocity of repressible alka-
line phosphatase purified from mycelium grown at pH 54, as
a function of PNP-P concentration at pH 9. Each tube con-
tained 0.6 ug of purified enzyme. @ and O represent the vel-
ocities in the absence and presence of polynucleotide, respective-
ly. A represents the velocities after incubation of the enzyme at
pH 9 and at 50°, in the presence of polynucleotide. Each tube
contained 1.2 ug of polynucleotide purified from mycelium
grown in high Pi medium, at pH 5.4. Insert: Hill plots of log
v/(Vmax-v) versus log PNP-P concentration. @ and O represent
the velocities in the absence and presence of polynucleotide.
A represents the velocities measured after incubation of the
enzyme at pH 9 and 50°, in the presence of polynucleotide.

the data allow only a crude estimate of its molecular size,
the polynucleotide is possibly smaller than other small
RNAs such as transfer and ribosomal RNAs.

Figure 2 shows that the polynucleotide not only pro-
tects but also apparently activates the Pi-repressible al-
kaline phosphatase when the enzyme is heated in the
presence of high concentrations of ammonium sulphate.
This effect is dependent on the concentration of polynuc-
leotide and was lower when it was purified from my-
celium grown on low-Pi medium. The probable action of
the RNases synthesized on low Pi medium may have
decreased the size of the polynucleotide and changed its
interaction with the enzyme. The dissociation promoted
by heating Pi-repressible alkaline phosphatase at 50°, pH
9, changes the steady state kinetic properties of the en-
zyme, i.e. alkaline phosphatase synthesized at pH 5.4 is of
the Michaelis type when assayed in the dimeric form
(K =09 %x107*M, n = 0.93) (Fig. 3) and deviates form
Michaelis kinetics when assayed after dissociation [5].
These and other results suggest the existence of an equi-
librium between forms when the enzyme synthesized at
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pH 5.4. is monomerized and assayed at pH 9.0 [5].
Heating the enzyme in the presence of the purified poly-
nucelotide did not change its Michaelis kinetics (Fig. 3),
but activation of the enzyme occurred with increasing K,
value for substrate hydrolysis (K, = 1.4 x 107 *M,
n = 1.02) probably due to stabilization of one of the
monomeric enzyme forms [5]. However, the purified
polynucleotide inhibits the dimeric form of Pi-repressible
alkaline phosphatase synthesized by N. crassa grown at
pH 5.4, by affecting its Michaelis kinetics (Fig. 3), i.e. the
enzyme assay at pH 9 and at 37° shows negative
cooperativity (Ko s =3.3x107*M, n=0.63). A Pi-re-
pressible acid phosphatase synthesized by N. crassa
grown at pH 5.4 [6] was not affected by the purified
polynucleotide (results not shown).

The present results show the constitutive expression of
a polynucleotide (or a fragment of RNA), which interacts
with Pi-repressible alkaline phosphatase. Although
speculative, it is possible that this polynucleotide—en-
zyme interaction is involved in the chaperonage of alka-
line phosphatase through its excretion pathway. The
probable constitutive synthesis of Pi-repressible phos-
phatases supports this hypothesis [6].

EXPERIMENTAL

Strains and culture conditions. The following strains of
N. crassa, obtained from the Fungal Genetic Stock
Center (University of Kansas Medical Center, Kansas
City, Kansas, USA), were used: wild-type strain St. L.
74A, nuc-1A mutant (FGSC 1995), nuc-2A mutant
(FGSC 1996), pcon® mutant (FGSC 2534), preg® mutant
(FGSC 2532), pho-2A mutant (FGSC 3061) and pho-3A
mutant (FGSC 3051). Both nuc-1A and nuc-2A mutant
strains were selected for their inability to utilize RNA or
DNA as their sole phosphorus source [7,8]. The preg®
mutant strain was selected for its ability to produce
Pi-repressible alkaline phosphatase and to secrete acid
phosphatase constitutively [9]. The pcon® mutant strains
are constitutive for repressible alkaline phosphatase and
for a high affinity, high pH phosphate permease [7]. The
pho-2A and pho-3A mutant strains were identified as
carrying mutations in the structural genes for Pi-repres-
sible alkaline phosphatase [10,11] and for acid phos-
phatase [12], respectively. Stock cultures were main-
tained on slants of Vogel’s medium (1.6% agar) [13].
Conidial suspensions (0.5 ml containing ca 10® cell ml~1)
of each strain were grown for 72 hr at 30°, and without
shaking on Petri dishes (14 cm diam.) containing 50 ml of
high (7 mM) or low (50 or 500 uM) Pi medium adjusted
to pH 5.4 (non-buffered) or pH 7.8 (buffered with 50 mM
Tris-HCI), supplemented with 44 mM sucrose as carbon
source and prepd as described previously [14, 15].

Prepn of extracts and assays. The mycelium harvested
from each strain after growth on both low and high Pi
medium at pH 5.4 or pH 7.8 was extracted with sand and
50 mM NaOAc buffer containing 1% SDS, pH 5 (30 ml
buffer g~! mycelium) and centrifuged for 20 min at
8000 g at 4°. The supernatant (crude extract) was col-
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lected by centrifugation and brought to 95% (w/v) satu-
ration by the addition of solid (NH,),SO,. The mixture
was stirred for 15 min, left standing for 2 hr at 4° and
then centrifuged 15 min at 12000 g. The ppt was dis-
carded and samples of the supernatant were mixed vigor-
ously with an equal vol. of phenol-CHCl;-3-methyl-1-
butanol (50:50: 1) [16]. The emulsion was centrifuged for
10 min at 5000 g and the upper aq. phase was used for
quantitative determinations of polynucleotide, after 5-
fold dilution. Mycelial specific activities for polynucleot-
ide synthesis are reported as ug polynucleotide per mg
dry wt mycelium. After growth for 72 hr, mycelium was
harvested by filtration, washed with H,O, blotted to
remove excess liquid, dried for 24 hr at 98° and weighed
(dry wt mycelium). M, were measured by HPLC on an
aquapore SEC column, model OH-300 (4.6 mm x 25 cm,
CG Instruments, Brazil), using appropriate RNA
markers. RNA and polynucleotide sampies (10 ul) were
injected into a HPLC column (CG Instruments) pre-
viously equilibrated with 50 mM NH,OAc buffer, pH
6.8. Elution was performed with this same buffer at a flow
rate of 250 ulmin~'. A at 254 nm was monitored.

Total polynucleotide or ribose was measured by the
orcinol method, as modified in Ref. [17] using E. coli
RNA or ribose as standards, respectively. Control experi-
ments established that the orcinol reaction was unaffec-
ted in the presence of (NH,4),SO, up to 50% satn. Poly-
nucleotide hydrolysis was carried out 0.1 mHCI for
60 min at 108° and the Pi liberated was measured by the
method of Ref. [18]. Total nitrogen bases were measured
by the method of Ref. [19] using a mixture containing
equimolar concns of uracil, adenine, cytosine and
guanine in 10 mM HCl as standard, and 4 was measured
at 260 nm (E = 10150 L. mol.cm). DNA was measured by
the diphenylamine colorimetric method as proposed in
Ref. [17] using 2-deoxyribose as standard. Protein was
measured by the method of Ref. [20] using bovine serum
albumin as standard.

The alkaline phosphatase assay as described in Ref.
[21] was carried out in 0.3 M glycine buffer (pH 9)
containing 1 mM EDTA using 2ml of 6 mM p-nitro-
phenylphosphate (PNP-P) as substrate. One unit of alka-
line phosphatase activity was defined as 1 umol substrate
hydrolysed per min, at 37°. Sp. acts are expressed as units
(mgprotein)~ ..

Thermal stability. Relative heat stability was deter-
mined in the absence and presence of (NH,),SO, or
purified polynucleotide by incubating the enzyme diluted
conveniently in 0.2 M Tris at pH 9, at 50°, in the same
experiment. At appropriate times, samples (0.1 ml) were
taken to measure p-nitrophenylphosphatase activity, at
pH 9, as described under Prepn of extracts and assays.

Kinetic studies. Maximum velocity (V,,.,) and K, were
determined by plotting initial velocities as described in
Ref. [22]. Interaction constants for the substrate (n) were
determined by the Hill procedure as described in Ref.
[23]. The kinetic constants given in this paper were
obtained from linear-square analysis.

Enzyme purification. Mycelial Pi-repressible alkaline
phosphatase synthesized by the wild-type strain of the
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mould N. crassa grown at pH 5.4 or pH 7.8 was purified
to apparent homogeneity by 7.5% PAGE [21,24] as
described in Ref. [5].

Polynucleotide purification. The supernatant re-
covered at 95% (NH,),SO, satn, and obtained by salt
fractionation of the crude extract as described under
Prepn of extracts and assays, was treated twice with
an equal vol. of phenol-CHCl;—3-methyl-1-butanol
(50:50:1) as described in Ref. [16]. Phenol present in the
upper aq. phase was removed by 4 successive extractions
with Et,O, which in turn was removed by evaporation
for 2 hr at 50° [25]. Small samples (ca 4 ml) with no
further treatment were chromatographed on a Sephadex
G-25 column (1.1 x 56 cm) previously equilibrated with
50 mM NaOAc buffer, pH 5. Elution was performed with
this same buffer at a flow rate of 15mlhr™! (1.5ml
fractions). Polynucleotide elution was detected by
measuring both A at 257 nm and the protective effect
against inactivation of mycelial Pi-repressible alkaline
phosphatase in the presence of 3.4 M (NH,),SO,, at 50°,
as follows: an aliquot (0.1 ml) of each effluent fraction was
mixed with ca 0.8 enzyme units in 0.2 M Tris-HC], pH 9,
containing 4 M (NH,),SO,. (The enzyme used in this
assay was that synthesized at pH 7.8 and recovered in the
60-95% (NH,4),SO, satn as described in Ref. [5]). After
incubation for 40 min at 50°, p-nitrophenylphosphatase
activity was measured at pH 9 as described under Prepn
of extracts and assays. The tubes representing the poly-
nucleotide peak were pooled, freeze-dried, dissolved in
a small vol. of 0.2 M Tris—-HCI pH 8.9, and stored at 4°.
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