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preformed amino acids.
are being investigated.

Summary. 1) A. niger growth was pre-
vented when DNB at a final concentration of
2.5 X 10> M was added to the culture me-
dium at any time up to 30 hours’ incubation.
When DNB was added at any time later,
some additional growth occurred. The DNB
effect appeared to be limited to molds and was
static rather than cidal. 2) Growth inhibi-
tion by DNB was overcome by synthetic
mixtures of amino acids, but not by ammo-
nium nitrogen, vitamins or minerals. 3) Ni-
troaryl compounds can be reduced to rela-
tively nontoxic arylamines by a sulfhydryl-
dependent, pyridine nucleotide-linked enzyme
from A. niger. 4) The possible significance
of these findings is discussed.

These postulations

Purification of Fungal Phenolsulfatase.*

PURrIFICATION OF FUNGAL PHENOLSULFATASE

1. Cocito, C., Proc. Soc. Exp. BrorL. ano Mep,
1958, v98, 418.

2. Higgins, E. S,, Richert, D. A, Westerfeld, W. W,,
ibid., 1956, v92, 509.

3. Westerfeld, W. W, Richert, D. A., Higgins, E. S,,
J. Biol. Chem., 1957, v227, 379.

4. Bratton, A. C., Marshall, E. K., Jr., ibid., 1939,
v128, 537.

5. Nicholas, D. J. D., Analyst, 1952, v77, 629.

6. Block, R. J., Belling, D., The Amino Acid Com-
position of Proteins and Foods, Chas. C. Thomas,
Springfield, Ill,, 1945, p303.

7. Nason, A,, in W. D. McElroy and B. Glass, eds,,
Inorganic Nitrogen Metabolism, Johns Hopkins Press,
Balt., pp109-136, 1956.

8. Saz, A. K., Martinez, L. M., J. Biol. Chem.,
1956, v223, 285.

9. Smith, G. N,, Worrel, C. S., drch. Biochem.,
1949, v24, 216.

Received September 4, 1958. P.S.E.B.M., 1958, v99.

(24409)

RicuArD L. Young! (Introduced by Edward A. Doisy)
Dept. of Biochemistry, St. Louis University School of Medicine, St. Louis, Mo.

The female sex hormones occur in urine
not only in free form but also as glucuronides
and sulfates which are hydrolyzed to the free
compounds before quantitative measurement.
Due to production of artifacts by acid hydro-
lysis, milder methods of enzymatic hydrolysis
have been introduced. The sulfates are hy-
drolyzed by phenolsulfatase which was dis-
covered by Neuberg and Kurono(1). Distri-
bution and properties of the enzyme have
been reviewed by Fromageot(2.3). After Ab-
bott(4) pointed out that the most active fun-
gal source of phenolsulfatase is Mylase P,
Cohen and Bates(5,6) used this commercial
product for hydrolysis of urinary estrogen sul-
fates. Subsequently Katzman and associates
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(7) found that this preparation would hydro-
lyze estrone sulfate quantitatively. Since
Mylase P is a mixture of fungal enzymes and
no intensive purification of fungal phenolsul-
fatase has been reported, we have undertaken
the preparation of this enzyme from Mylase
P. In these studies fractionations with eth-
anol, zone electrophoresis on cellulose, and
treatment with aluminum hydroxide gel were
used to purify the enzyme.

Materials and methods. Starting material.
The same lot of Mylase P was used during
these studies. Its specific activity remained
unchanged upon storage for one year at 5°C.
Analysis for protein (Lowry ef al., 8) gave
12%, reducing sugars expressed as lactose(9,
10) 42%. Determination of phenolsulfatase.
The procedure of Huggins and Smith(11) was
used for determination of the activity of the
enzyme. Potassium p-nitrophenylsulfate was
synthesized by a modification of the pro-
cedure of Burkhardt and Wood(12). The
substrate (0.005 M) in a solution of 0.1 M
sodium acetate to which a few drops of CHCl;
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had been added was stable for as long as 7
months at 5°C. A solution of 3 ml of 0.5 M
acetate buffer pH 5.8, 1 ml of solution of the
enzyme, and 1 ml of solution of the substrate
was incubated for 30 minutes at 37.5°C.
Reaction was stopped by addition of 5 ml of
1.0 N NaOH solution. The absorbance of the
basic solution was measured at 420 mu, and
corrected for absorbance of an appropriate
blank containing only reagents. The release
of 20 ug or less of p-nitrophenol resulted in a
direct relationship between concentration of
the enzyme and liberated p-nitrophenol. For
convenience during this work, that amount of
enzyme which would release 10 ug of p-nitro-
phenol in 30 minutes was designated as 1 unit
of phenolsulfatase activity. Index of purity.
Specific activity (S.A.) is the number of units
of enzyme per mg of protein. Purification
procedures. All purification procedures ex-
cept fractionations with ethanol were per-
formed in a cold room at 5°C. Extraction of
Mylase P. Phenolsulfatase was brought
into solution by extracting 1 weight (g) of
Mylase P with 2.5 volumes (ml) of distilled
water for 1 hour. The insoluble residue was
collected by centrifugation at 830 x g for 10
minutes and washed twice with small volumes
of distilled water. Supernatant and wash so-
lutions were combined and diluted with dis-
tilled water to give a 3% concentration of
protein (pH 5.5-6.0). Fractionations with
ethanol. Solutions of the enzyme were trans-
ferred to a cold room (-15°C); an equal
volume of 47.5% ethanol (—15°C) was added
according to the general procedure of Cohn
et al.(13). Then 95% ethanol (-15°C) was
added in order to attain the final concentra-
tion of ethanol. All concentrations of ethanol
are reported in per cent by volume. Inert
material was precipitated from the aqueous
extract Mylase P by addition of ethanol to
a concentration of 38%. After 25 hour the
precipitate was collected by suction filtration
through Celite 545 filter aid$ in chilled
(=15°C) apparatus and washed with small
portions of chilled 38% ethanol. Filtrate and
washings were combined and diluted with
38% ethanol to give a 1% concentration of
protein. The solution was chilled and the

§ Johns Manville Co., N. Y.

531

enzyme precipitated by adjusting concentra-
tion of ethanol to 52%. - After 1 hour the
supernatant liquid was decanted and the pre-
cipitate collected by centrifugation in chilled
(=15°C) cups at 830 x g for 10 minutes.
The precipitate was dissolved in 0.025 M ace-
tate buffer pH 5.0 and concentration of pro-
tein adjusted to 3%. The enzyme was pre-
cipitated again by addition of ethanol to a
concentration of 29%. After 1 hour the pre-
cipitate was collected by centrifugation at
—~15°C for %% hour at 1,100 x g, dissolved in
0.025 M acetate buffer pH 5.0, and adjusted
to a concentration of protein of 1%. Phenol-
sulfatase of this solution was then precipitated
in the same manner as the preceding precipi-
tation at pH 5.0. The precipitate was dis-
solved in 0.025 M barbital buffer pH 8.5 and
dialyzed against the same buffer overnight.
The impermeate was diluted with this buffer
to the desired concentration of protein and
used for electrophoresis on blocks of cellulose.
Paper electrophoresis. 0.05 ml of a buffered
solution of the enzyme containing 2.2 to 4.8
mg of protein were applied to the center of a
57 x 11.5 cm strip of Whatman 3 MM filter
paper mounted in a plastic paper electro-
phoresis apparatus.|] Electrophoresis was
then conducted under the desired conditions.
At termination of migration the paper was cut
into 1 cm sections, and each was eluted with
distilled water. Clear supernatant solutions
obtained after centrifugation of the suspended
filter paper were used for determination of en-
zyme and protein. Electrophoresis on blocks
of cellulose. Each block of cellulose was
prepared from 200 g of Whatman Standard
Grade B Quality Cellulose Powder for Chrom-
atography which had been washed with 0.025
M barbital buffer pH 8.5, resuspended in this
buffer, and placed in a 40 x 8 x 1 cm plastic
tray. Five blocks were used simultaneously
for the product obtained from 300 g of My-
lase P. The trays were connected with the
buffer compartments by 12 x 8 cm strips of
Whatman No. 1 filter paper. Then 7 ml of
the above solution of the enzyme in 0.025 M
barbital buffer pH 8.5 and containing 200 mg
of protein were incorporated into each of the

| Paper Electrophoresis Apparatus Model 1400, Re-
search Specialties Co., Berkeley, Calif.
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TABLE 1. Preparation of Partially Purified Phenolsulfatase.

Recovery
Total mg  Total activity Specifie 9% of orig-
Fraction protein of enzyme activity inal enzyme
Mylase P 36,000 210,000 5.8 100
Aqueous extract 29,180 202,000 6.9 96
First ethanol ppt. 10,150 176,400 17 84
Second " ” (pH 5.0 3,300 134,500 41 64
Third O GRS 1,900 119,800 63 57
Impermeate from dialysis of harbital solu- 1,600 119,800 75 57
tion (pH 8.5) of third ethanol ppt.
Combined eluates from electrophoresis on 600 92,500 154 44
blocks of cellulose
Elnates from A1(OH), gel 110 51,200 465 24
Impermeate from dialysis of ethanol ppt. 8+ 45,700 544 22
from eluates of A1(OH); gel
Lyophilized produet 65 26,600 410 13

central and —15 cm sections of the blocks ac-
cording to the procedure of Kunkel and Slater
(14). Electrophoresis was allowed to proceed
for 18 hours at 12.5 v 'cm and 9-11 ma. Then
1 cm segments of the blocks were removed
and eluted with distilled water. The cellulose
was collected by centrifugation and the clear
supernatant solutions were used for determi-
nation of enzyme and protein. Those frac-
tions having a specific activity greater than
the product subjected to electrophoresis were
combined for further purification by adsorp-
tion. Adsorption on aluminum hvdroxide gel.
Al(OH); gel was prepared according to the
procedure of Marshall and Welker(15). Ali-
quots of the suspended gel were dried to con-
stant weight at 110°C, weight 17 mg/ml.
Combined eluates from the blocks of cellulose
were diluted to 3 liters with distilled water
(final pH 8.0), adjusted to pH 5.4 by the
addition of 60 ml of 0.1 M acetate buffer pH
5.0, and adsorbed on 0.4 ml of gel (dry weight
6.8 mg) per 10 mg of protein for 15 minutes.
The gel was collected by centrifugation and
washed twice with small portions of distilled
water. Foreign protein was eluted by re-
suspending the gel in 2 ml of M .90 Sorensen
phosphate buffer pH 6.6(16) per 10 mg of
adsorbed protein 2 times followed by washing
once with a small volume of distilled water.
Supernatant and wash solutions were dis-
carded. Phenolsulfatase was eluted from the
gel with 1.5 ml of 0.1 M K,HPO, solution per
10 mg of adsorbed protein; the elution was
repeated twice. The eluates were combined,

frozen. and kept overnight at —15°C. The
solution was thawed and the enzyme precipi-
tated by ethanol at a final concentration of
59%. After 1 hour the precipitate was col-
lected by centrifugation at —15°C for 14 hour
at 1,700 x g, dissolved in a minimum volume
of distilled water, and dialyzed against dis-
t'112d water for 4 hours. Lvophilization. Lyo-
philization was conducted in the conventional
manner while the sample of the enzyme was
immersed in a bath of salt and ice.

Results. The results of application of the
above methods are given in Table I. During
the work all fractions including those which
were discarded were analyzed for phenolsulfa-
tase. Total activity at each step showed that
no significant destruction of the enzyme had
occurred. Phenolsulfatase was completely
extracted from Mylase P with distilled water.
During the process 26% of the inert solids
of the preparation were eliminated. The ex-
tract, however, contained practically all of the
initial protein (S.A. 6.9). Subsequent frac-
tionations of the enzyme with ethanol resulted
in a product which was suitable for electro-
phoresis on blocks of cellulose (S.A. 63). A
similar product which was dialyzed briefly
against distilled water contained less than 1%
of the reducing sugars and 11% of the solids
of Mylase P. o '

Pilot paper electrophoresis experiments
were performed with the enzyme to determine
the most suitable conditions for purification
on a large scale. During these studies the
enzyme in 0.025 M acetate buffer migrated
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FIG. 1. Distribution of enzyme () and protein
(@) after electrophoresis. Distances from origin
(Q) - are indicated on abscissae in cm of migration
toward the ancde or —cm toward the cathode. Typi-
cal results after preparative electrophoresis of phenol-
sulfatase (S.A. 63) on blocks of cellulose powder for
18 hours at 12.5 v/cm and 9-11 ma in presence of
0.025 M barbital buffer pH 8.5 at 5°C are shown in
Fig. 1A. (Distribution of the product applied at —-15
cm is not shown.) Fig. 1B shows results after elec-
trophoresis of enzyme (S.A. 410) on filter paper for
20 hours at 5 v/cm and 2-3 ma in presence of 0.02
M potassium phosphate buifer pH 6.7 at 5°C.

toward the anode at pH 5.5 and toward the
cathode at pH 4.5. These data suggest that
the isoelectric point of phenolsulfatase is in
the vicinity of pH 5.0, but no corrections were
made for electroendosmosis. Recovery of
enzyme was 83-97%; of protein 88-109%.
The most satisfactory purifications on paper
strips were achieved in the presence of 0.025
M barbital buffer pH 8.5.

Typical results for electrophoresis on blocks
of cellulose are shown in Fig. 1A. Results
were similar for the product introduced at
—15 c¢m and from block to block. Total re-
covery of enzyme averaged 92%, and those
fractions having specific activities greater
than the product subjected to electrophoresis
contained 78% of the enzyme. A brown pig-
ment moved 10 cm toward the anode resulting
in extensive decolorization of phenolsulfatase.

Aluminum hydroxide gel was chosen for
adsorption of phenolsulfatase because it was
found to adsorb more enzyme than protein
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at pH 4.2-6.1, and more protein than enzyme
was eluted from the gel with dilute phosphate
buffers at pH 6.2-6.8. The enzyme was eluted
from the gel with 0.1 M K,HPQ, solution
immediately since storage of phenolsulfatase
in the absorbed state resulted in considerable
loss of its activity.

The product obtained from the sequence
of purification summarized in Table I showed
a specific activity of 544 and a recovery of
22% of the original enzyme. Since earlier
experiments showed that phenolsulfatase
could be lyophilized without loss of activity
if the solution of the enzyme was immersed
in a bath of salt and ice, the product was
dried in that manner. Considerable inactiva-
tion occurred during lyophilization; however,
the resultant product (S.A. 410) weighing 127
mg was stored under desiccation in the dark
at 5°C. A small portion of the product which
was reserved for study of its stability lost no
activity during storage for 11 days, but 22%
inactivation occurred within 9 weeks.

Two samples of the dried product were sub-
jected to electrophoresis on paper strips for
20 and 31 hours, respectively, in the presence
of 0.02 M potassium phosphate buffer pH 6.7.
The voltage gradient was 5 v/cm, and the
current 2-3 ma. Specific activities of the frac-
tions containing maximum enzymatic activity
were 1310 and 1360, respectively. In both
experiments the distribution of protein ex-
hibited 3 maxima whereas the enzyme showed
only a single maximum. The sum of the
phenolsulfatase of those fractions analyzed
for the enzyme was 86% of the product ap-
plied to the paper. = Results after migration
for 20 hours are shown in Fig. 1B. The eluate
containing enzyme (S.A. 1310) was stable to
freezing overnight at —15°C, but refreezing
and storage for 6-days at —15°C resulted in
23% inactivation.

Owing to the marked variation in compo-
sition of the starting material, some difficulty
was encountered with products of lower con-
centration of enzyme. Three lots of Mylase
P received from the manufacturer contained
only half as much phenolsulfatase activity as
the material used during these studies. At-
‘tempts to prepare enzyme of high activity
(S.A. 544) from the less active starting ma-
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terial, and to avoid the loss incurred during
lyophilization by immediately subjecting the
product to electrophoresis on blocks of cellu-
lose were not successful in the limited time
for exploration of these points.

Liscussion. Although the activities of the
final products were approximately 230 times
that of Mylase P on the basis of purification
of protein, the activities were approximately
1900 times that of Mylase P on a gravimetric
basis since the starting material contained
only 129% protein. In spite of these extensive
purifications, the results indicate that fungal
phenolsulfatase was not pure by the criterion
of paper electrophoresis at pH 6.7. The re-
tention of most of the enzymatic activity dur-
ing electrophoresis, however, suggests that
electrophoresis on blocks of cellulose might
be suitable for further purification of larger
amounts of the enzyme.

Summary. Fungal phenolsulfatase of Myl-
ase P was purified by fractionations with
ethanol, zone electrophoresis on cellulose, and
treatment with aluminum hydroxide gel. Re-
lated to the activity of the original Mylase P
the enzyme was purified approximately 1900
times. On the basis of purification of the
protein of Mylase P approximately 230-fold
purifications were achieved.
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Investigations were carried out on biosyn-
thesis of cholesterol from C'* labelled sodium
acetate, in human leukemic blood, and an ap-
parently high rate of synthesis was observed
in blood from patients suffering from myelo-
genous leukemia (unpublished data). Keep-
ing this in mind, an attempt was made to find
a good source of the enzyme system responsi-
ble for biosynthesis of cholesterol in blood.
Hence, blood samples from different animals
like rat, rabbit, pig, piglet, calf and cow were

* Aided by research grants from Damon Runyon
Fund and Nat. Cancer Inst.

tried. Results with calf blood seem to be
very encouraging.

Materials and methods. Blood samples
from cows, calves and pigs were procured
from local slaughter houses. Calf blood was
taken from very young animals, 3 to 5 years
old. Five calf blood samples were analyzed
in 2 separate sets of 3 and 2 each. Adult
cows and pigs, Sprague-Dawley strain adult
male rats (300-400 g weight), and New Zea-
land strain adult male rabbits (6 1b weight)
were used for their respective blood samples.
Blood samples from rats, rabbits and piglets



