of the thyroid gland of vertebrates, but
in the opinion of others (8) the endo-
style does not have special importance
as a synthetic center for thyroactive
materials.

Balanoglossus gigas, like other entero-
pneusts (9), does not have such an
organ, but according to Gorbman,
Clements, and O’Brien (/0) iodine is
present in some groups of cells in the
epidermis of Saccoglossus kowalewsky;
Thomas (5) found the same to be true
tor S. apantesis.

Barrington and Thorpe (/1), using
chromatographic methods and 1'*!, have
shown that the whole body of another
enteropneust—Saccoglossus horsti—con-
centrates some amount of 3-mono-
iodotyrosine. Histological preparations
of the hepatic region of Balanoglossus
gigas show several intraepithelial glands
with homogenous cytoplasm that looks
like the colloid substance of thyroid
follicles. The hepatic region of Balano-
glossus is a rather difficult material for
histological preparations; the tissues
disintegrate rapidly when out of sea
water. We expect, however, that auto-
radiography and chromatography with
I3 may result in separation of the
iodine bound to protein.

F. B. DE JORGE, PAULO SAWAYA
J. A. PETERSEN, A. S. F. DITADI
Department of General and Animal
Physiology, Institute of Marine
Biology, University of Sao Paulo,
Sdo Paulo, Brazil
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Phosphatase Mutants in Aspergillus nidulans

Abstract. Three mutants at three different phosphatase loci produce inactive
enzymes at 35°C but partially or fully active enzymes at 25°C. Furthermore, a
suppressor mutant (suSpald1) which restores alkaline phosphatase activity in the
pald1 mutant is an allele of palcC4, a mutant with a simultaneous reduction in
alkaline and acid phosphatase activity. These data suggest that the phosphatase
proteins may be made up of two or more different polypeptide chains, and that
some of the polypeptide chains are common to two or more of these enzymes.

Electrophoretic and genetic studies
indicate that the phosphatase system
in Aspergillus nidulans has several
features which distinguish it from the
same system in Escherichia coli. Among
these are (i) the large variety of phos-
phatase mutants and (ii) the large
number of genetic loci affecting enzyme
activity. Mutants have been isolated
which affect either separately or to-
gether two or more of the four electro-
phoretically distinct phosphatases found
in crude extracts of the wild type
(1, 2). Furthermore, one genetic sup-
pressor (suB2palB7) of a mutant lack-
ing alkaline phosphatase (palB7) re-
stores alkaline phosphatase activity with
a concomitant loss of an acid phospha-
tase component. Another suppressor
(suAlpalB7) produces a partial restora-
tion of alkaline phosphatase activity

origin

with an electrophoretic change in a
different acid phosphatase component.

On the basis of these results I pro-
posed a hypothesis that monomers in-
teract in four distinct heteromultimeric
proteins (2). This hypothesis would
gain support if it could be shown that
at least one alkaline phosphatase locus,
one acid phosphatase locus, and one
locus with no phosphatase at all con-
trol, indeed, the structure of the corre-
sponding proteins. Furthermore, since
it has been proposed that both a mul-
tiple loss mutant and a suppressor
mutant may in some instances affect a
common monomer, they should fall into
the same cistron (2).

Histochemical techniques are avail-
able for demonstrating the presence of
alkaline or acid phosphatase activity in
colonies of Aspergillus (2). A number

(+)

a b c

i

Fig. 1. Electrophoresis patterns of the alkaline (bands 1 and 2) and acid (bands 3 and
4) phosphatases in crude extracts of the wild type and several strains lacking phospha-
tase grown at 35° and 25°C; (a) wild type at 35° and 25°C; (b) palB7 at 35°C; (c)
palB7 at 25°C; (d) palcAl at 35°C; (e) palcAl at 25°C; (f) pacCS5 at 35°C; (g) pacC5
at 25°C. Arrows indicate temperature-sensitive phosphatases produced by the mutant
strains, The gel was run at room temperature at a potential difference of 5 volt/cm.
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Fig. 2. Partial map of linkage group VIII.

of mutants lacking phosphatase were
grown at 25°C and 35°C; they were
tested for alkaline (pH 8.2) and acid
(pH 4.8) phosphatase activity (Table
1). The mutants indicated by the
dagger show partial or complete
restoration of enzyme activity at 25°C.
The data suggest that these mutants
might be synthesizing a temperature-
sensitive and, hence, an altered form
of the normal enzyme. To check this
possibility the mutants which showed
partial or complete restoration of
enzyme activity at 25°C were grown in
low phosphate liquid medium at both
35° and 25°C. Crude extracts were
made, and the enzyme patterns were
analyzed by horizontal starch-gel elec-

Table 1. Alkaline and acid phosphatase activity
of various mutants, lacking phosphatase of
Aspergillus grown at 25° and 35°C. The colonies
were grown on limiting phosphate agar medium
at cither of the two temperatures indicated.
Enzyme activity was determined by flooding the
dishes at room temperature with a buffered solu-
tion (pH 8.2 or 4.8) containing «-naphthyl
phosphate and a diazonium salt. Deposit of a
colored complex was indicative of activity.

Phosphatase activity™®

Strain pH 8.2 pH 4.8
35°C 25°C 35°C 25°C
bil (wild type) -+ -+ -+ -+
tpalAl T
palA 14 e s
fpalB7 - * A+t A+t
palB9 - - +++ 4+
palBI3 - - +4++ 4+
palC4 - - +++ -+
tpalD8 - =+ + +
palEll s
palF15 - - +++ A+
tpacB4 + o+ x4+
tpacCs + o+ =+
tpaleAd —_ + - +
# Key to symbols: - = wild type activity;
-+ == partial enzyme activity; — = no enzyme

activity. -+ = enzyme activity much greater
than wild type. + These mutants show at least
partial restoration of the missing enzyme activity
or activities at 25°C.
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trophoresis (3, 4). The results for the
palB7, palcAl, and pacC5 mutants are
given in Fig. 1. In the wild type, bands
1 and 2 have pH optima greater than
7.0, whereas bands 3 and 4 have pH
optima less than 7.0. At 25°C the
mutant palB7 forms an altered alkaline
phosphatase, palcAl an altered alka-
line and acid phosphatase, and pacC5
an altered acid phosphatase. The elec-
trophoretic pattern of palD8 was identi-
cal at both temperatures; pacB4 was
not analyzed since it proved difficult to
grow in liquid culture.

One of the multiple-loss loci (palcC4)
is located in linkage group VIII. Among
several suppressors of the seven known
loci affecting alkaline phosphatase, two
fall into linkage group VIII, namely,
suAlpalB7 and suSpalAl. Unfortunate-
ly, there is no known method to perform
complementation tests of each of these
suppressors with palcC4. Using outside
markers, however, one can see whether
either of these suppressors maps in the
vicinity of palcC4. Figure 2 indicates
that while suA/palB7 defines a separate
locus, su5palAl is very close to paleC4
and may actually fall into the same
cistron.

In an attempt to interpret the data
presented here, only two phosphatases,
an alkaline and an acid, will be con-
sidered. The alkaline phophatase might
be composed of the chains a and b, and
the acid phosphatase of the chains b
and c¢. A structural mutation in the a
or ¢ chain could result in the loss of
alkaline or acid phosphatase activity,
respectively, while a mutation in the
common b chain could result in the
simultaneous loss of both phosphatases.
The capacity of certain suppressor
mutations to restore alkaline phospha-
tase activity and simultaneously cause
a loss or electrophoretic change of an
acid phosphatase can be explained in a
similar manner. In such a scheme
palB7 would be assumed to affect the
structure of the a chain and produce a

temperature-sensitive alkaline phospha-
tase. The suppressor suAlpalB7 is as-
sumed to affect the common & chain in
such a way that it compensates the
effect of the mutation in the a chain
with respect to alkaline phophatase
activity, but the altered 5 chain now
causes a loss or electrophoretic change
of the acid phosphatase. Furthermore,
since both the mutant palcC4, and the
suppressor locus suSpalAl may affect a
common monomer, they should be in
the same cistron (2). The fact that
suAlpalB7 defines a locus separate from
suSpalAl indicates that there exists a
minimum of two common monomers.

The foregoing data support the hypo-
thesis that the four electrophoretically
distinct phosphatases represent four
heteromultimeric (5) proteins, each
made up of two or more different poly-
peptide chains, and that some of the
polypeptide chains are common to two
or more of these enzymes. The concept
of a limited number of monomers being
assembled into different enzymes offers
a promising approach to the further
understanding of complex enzyme sys-
tems. In fact, one may even expect
that certain monomers may be shared
by more than one such enzyme
system, for example, the phospha-
tases and esterases. A single mono-
mer might carry the active site for the
ester linkage in general, while the addi-
tion of one or more other monomers
could result in changes in pH optimum,
substrate specificity, and other enzyme
characteristics.

G. DorN

Department of Genetics,
Albert Einstein College of Medicine,
New York
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