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Induction of tyrosinase by B-lactose in Neurospora crassa
Abstract

Induction of tyrosinase by lactose in Neurospora crassa
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Gillie, 0. J. Methods of making enzyme extracts and amino
acid pool extracts from Neurosporo grown on solid media.

Methods have been devised for extracting enzymes and amino
acids from mycelium grown on sclid media in order to be able
to study biochemical events which take place in periodic or
os certain types of growth behavior ore found on solid media which

irregularly growing mutants. Such procedures are desireable
cannot be recognised
in liquid media.
Growth methods: Straight-ended growth tubes (Brown and Gillie 1963 NN”4: 19) f mm which mycelium and agcrr could be
easily removed or culture trays (Pyrex ovenware
lids 13 x 21 x 2 l/2 cmr covered with specially mode aluminum lids) ore filled
with 0.3% ogor(Difco &to-Agar) medium after dry sterilization. Tubes are inoculated in the usual way and trays are best
inoculated at 1 cm intervals. After growth has proceeded along most of the tube or tray, mycelium and agar ore removed from
the tubes with a suitably flattened and bent wire and from the trays with a specially shaped stainless steel chopper. Using these
implements, sections of mycelium can be rwdily cut (I+ any desired distance from the growing part or point of inoculation.
Extraction of mycelium: To separate the mycelium from the c~gor, the sections are placed on CI piece of fine cotton (muslin
which has many loose fibers is not recommended for this) and after gathering in a fold of the material the sample is squeezed
by twisting the materiol All Kwoter end most of the agar in the sample is removed by this procedure. The sample is now
scraped off the material
and frozen.
inzyme analysis:
The sample is best freeze dried after which it may readily be powdered clnd then homogenized with buffer
in CI around cllclss homoaenizer.
Amino o;id analysis: The fresh or frozen or freeze-dried sample is mixed with 3.6% perchloric acid and heated in a boiling
water bath for 5 minutes. This extracts amino acids and nucleic acids (5-10% of the dry weight appears to be extracted ~1s ribonucleotides).
These extracts may be spotted (10 pl spots give best results; if the spots are greater than 25 pl the acid interferes
with the separation) and subjected to high voltage electrophoresir for 1 hour ot 78 volts/cm, pH 3.4. After development of the
papers, ospartate,
glutamate, argininosuccinic acid, orginine ond ornithine form discrete spots, lysine and histidine form a spot
together and argininosuccinic acid anhydrides (6 and C form) ala form a spot together but are separate from Z substance, CI
degradation product of argininoruccinic acid formed during the extraction. The remaining amino acids form a single ‘neutral’
spot which may be further separated by electrophoresis
for 3-4 hours. The spots may be developed with ninhydrin and elated
quantitatively after treatment with copper ealution according to the method of Bronk and Fisher (1956 B&hem. J. 64: 106,
CI modification of the method of Harris et (II. 1954 Ann. Human Genet. 19: 196).
Approximately IO-15 mg of wild +yFFycelium
per ml of 3.6% perchloric acid gives xrtisfactory spots, but argininosuccinic
acid accumulations could be identified in OS little as 1OOpgm of material in 0. I ml 3.6% perchloric acid from arg-10 mutants
grown on low concentmtions of arginine. Quantities of mycelium OS small as this are difficult to weigh and samplesmust
be
token from the mycelium and acid mixture for spotting before mycelium is separated
on o pre-weighed membrane filter for
weight determination.
Other methods of extraction of mycelium for enzyme or amino acid analysis have been found to involve excessive dilution
of the sample in order to break up the agar gel. The method described works best with 0.3% agor, although 1% (or even 2%)
agar may be used. The latter is not recommended (II the extra thickness of the agor makes much greater pressures necessmy
which moy cause the threads of the material to expand and allow some of the mycelium through. When complete medium is
used it is better to increase the ogor concentration to 0.6%, as otherwise it does not gel properly, presumably due to the acidity
of this medium.
Using methods of this kind, it has been possible to investigate periodic growth of arg-IO mutants on low concentrations of
external orginine and to show higher accumulation of argininosuccinic acid in org-IO mutants grown on ralid medium with low
external orginine concentrations as compared with high external orginine concentrations; this change being cnsociated
with o
4-fold repression of arginase,
CI 7-fold derepression of ornithine transcarbamylase,
o 5-fold derepression of argininosuccinase
and a 4-fold derepression of argininoruccinic acid synthetase. - - - Deportment of Genetics, University of Edinburgh,
Edinburgh, Scotland.
During the course of our experiments dealing with the
R-goloctosidase
system in Neurosporcr,
we often noted that
crude extracts and ammonium sulfate fractions turned dark
upon standing. Assoys confirmed that thee extracts and fractions had high levels of tyrosinase activity. It saon was evident
that growing Neurosporo with R-lactose as the sole co&on wurce was responsible for this induction of tyrosinase.
The strain used in these initial experiments was L-5, selected from 74A for its increased ability to use R-lactose as its ~cle
carbon source. Elevated levels of tyrosinose were detected when L-5 was grown in Vogel’s minimal medium, pH 5.0, with
I .5% O-lactose as the only carban source. Adequate growth seemed to be dependent upon aeration, either by shaking or by
bubbling, and D growth temperclture of about 27’C.
With the above conditions, suitable harvest of the mycelium could be made after approximately a week’s growth. Harvesting consisted of collecting the mycelium on a wire screen, followed by several washes with cold water.
The mat was then
pressed dry with paper towels, fmgmented by bond, and placed an the lyophilizer. After lyophilizotion, the mycelium was
ground in a Wiley mill. Extraction at 4’C with 0.0125 M tris-HCI buffer, pH 7.8, with a ratio of 15 ml buffer per gram of
powder yielded a crude extroc+ high in tyrosinase octiviF.
More recently, induction of tyrosinase by R-lactose has been studied by us in other strains of Neurospora. These include
the strains designated by Horowitz as TL, TSl”9-2 and TR. In there three strains we observed elevated levels of tyrosinose
levels in these three strains were not equal,
following growth on O-lactose. F o IIowing induction by lactose, the tyrosinore
Hedmon, S. C., W. K. Bates and D. 0. Woodward.
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with TL often showing the highest level of activity. No attempts have been made to study the induction of tyrosinase by lactose
in low sulfur minimal medium (Horowitz and Shen 1952 J. Biol. Chem. 197:513) or in the presence of aromatic amino acids
(Horowitzetal.
W e h ewe used this lactose-induced tyrosinase quite satisfactorily in heat lability
- 1960 J. Mol. Biol. 2:96).
and disc electrophoresis
studies.
This work was supported by an NSF Redoctoml Fellowship to S.C.H. and by NSF and USPHS Grants. - - - Deportment of
Biological Sciences, Stanford University, Stanford, California.
Hill, J. M. and V. W. Woodward. Assays for apartate
ornithine tmnscarkamylase
by means of the pH-stat.
can be adapted to ornithine transcarbamylase
tion of hydrogen ion released in a pH-stat.
NH2C02P03’

+

carbamyl phosphate

Asp&ate tmnscarbamylose
(AT&w) activity hz been determined by a calorimetric assay for carbamyl apart&e (Davis and
Wcodward
1962 Genetics 47: 1075). The calorimetric assay
activity by assaying far citmlline. These sane enzymes can be auayed by titraThe following equation describes the reaction in question:

COO-CH2CHNH3+C00aspurtate

and

f COO-CH2CHNHCCCH2C00-

+ HOPOj

+

H + .

carbamyl asporbte

Reagenh: 0.005 M sulfomic acid (primary standard solution); 0.01 M NaOH, standardixed
against sulfamic wid; 0.05 M
L-ospartate, standordzlution (0.665 g dissolved in 50 ml 0. IO M NaOfind diluted tc 100 ml );
0.005 z corbamyl phcsphze
(0.0204 g dissolved in 25 ml cold water and kept in ice bath); m20, boiled and copped to exclude C02; protein solution odjusted to pH 8.5 with NaOH.
A watus
Sargent ptl-stat equipped 0s follows: 2.5 ml barrel and plunger; IO ml reaction container, with stopper permitting
entrance
v
of e ectrodes,
thermocouple, thermometer, NaOH delivery tube, nitrogen delivery tube, and reaction deliver/ syringe,.
Nitrogen cylinder and passage for delivery of nitrogen through 0.5 M NaOH.
Procedure: The pH-stat is calibrated against standard pH 8.0 b?fer at 30°C. The barrel is filled with 0.01 M NoOH and
the system is flushed with nitrogen. Water, enzyme and asp&ate are introduced into the reaction vessel and thes-ixture is
titrated to pH 8.5. The reaction is begun with the addition of carbomyl phosphate. At the end of the assay on aliquot of
0.005 M sulfamic acid is titrated under the conditions of the assay to standardize the NaOH.
From this titmtion the number of
pmoles;f H+ released during the assay can be colculclted. Also, corbamyl phosphate can be assayed by letting the reaction go
to completion, i.e., by permitting alI the carbomyl phosphate to convert to o carbamyl amino acid, and determining the number
of pmoles H+ released.
Starting with 2.00 ml 0.05 M ospwtate, 0.180 units of enzyme, H20, 0.01 M NaOH, 0.50 ml 0.00425 M carbamyl phosphote in a total final volume off.85 ml, it wc~s determined that the NaOH was 0x0947$
and that the initiaTvelocity of the
reaction was 0.1843 pmole H+ per minute. Subtracting carbomyl phosphate hydrolysis, 0.0057 pmoles H+ per minute, leaves an
initial velocity of 0.1786 pmoles H+per minute. Aliquots of this reaction mix were assayed colcrimehically, and the initial
velocity was shown to be 0.180~moles carbumyl apartate per minute. This close agreement speaks for the validity of the
pH-stat assay method at this pH and under these conditions.
This work was performed under USPHS Grant GM-10206 -03. - - - Biology Department, Rice University, Houston, Texas.
Jakaby, W . 8.

The crystallization of a protein is often a final step resulting
in further purification and, hopefully, serving as one index of
purity. Although confidence in equating such an esthetically appealing and ordered structure a o crystal with purity is often
misplaced, owe critical methods are available for that decision. More often the problem has been that of inducing crystalI izcltion .
During the past year we have enjoyed uniform success in attempting the crystallization of twelve enzymes by CI technique
of extracting hiohlv wrifisd protein wecipitates with ammonium sulfate solutions of decreasina
concentration. No claim for
originality is made since purihcation by such methods dates to the early work of Warburg. Crys~llizotion of an enzyme by
this method was described by Pontremcli - et -al. ( 1961 Roe. Nctl. Acad. Sci. U. S. 47: 1942) and several laboratories have
used it successfully.
The routine which we have adopted for crystallization involves the complete precipitation of lo-20 mg protein with amranium sulfate and the successive extraction of the resultant precipitate with I ml volumes of solutions of decreasing ammonium
sulfate concentration; all such solutions ore 0.05 M with respect to potassium phosphate at pH 7.0 although other buffers have
been used also. All operations are conducted at or new O’C. The precipitate is evenly suspended in the salt solution by trituroting with D glass rod and then centrifuged for IO minutes at 10,000 x g. The supemetant fluid is poured off and allowed to
stand at mom tern emture while the residue is resuspended in a mlution of lower salt concentration and the process is repeated.
T h e first __?t)_7
extmctmn IS per ormed (It salt concentrations wmewhat
higher than that expected from the volubility of the protein.
Thus, for a protein known to precipitate at an ammonium sulfate concentmtion of 30% to 40% of saturation, extraction is performed sequentially with mlutions which am 45%, 41%, 38%. 34% and 30% of saturation. Crystcllizotion often begins within
an hour, occasionally within minutes, of tmnsfer after centrifugation from the cooled vessel to one at rwm temperature. The
crystals obtoinsd in this manner are usually about I p in their largest axis and we difficult to distinguish without the aid of (I
dark-field condenser and on oil immersion lens. With dark-field optics, the highly refractive outline of the crystals easily
cIlcws
differentiation from possible omorphDus material. Cryst.1 shape is characteristic of the individual system. Electron
microscopic studies of three proteins by Labnv, using the technique of shadowed carbon replicas,( 1964 J. Ultrastruct. Res.
10:66) has confirmed the crystallinity of the products. After one or two recrystallizctions, carried out in the same manner, a
-

A recipe for the crystallization of enzymes.
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