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YEx Hoong Loo, CHENG-CHUN LEE AND MaADONNA FLEMMING
Lillv Research Laboratories, Eli Lilly and Co., Indianapolis, Ind.

During some studies on effect of certain en-
zymes on activity of erythropoietin prepara-
tions, we found taat samples of papain and
bromelin could stimulate erythropoiesis. Con-
sequently, a number of other proteolytic en-
zymes were assayed.

Methods and materials. A modification of
the methods of Fried et al.(1) and Rambach
et al.(2) was usec to measure erythropoiesis.
Fach sample was injected subcutaneously
daily for 4 days irto 6 female Holtzman rats.
Food was withheld throughout experiment

but water was given ad 4b. On fourth day,
0.5 pc of Fe™, as ferric citrate, was injected
into the tail vein. Twenty-four hours later
amount of radioactive iron in an aliquot of
whole blood was measured. In calculating %
of Fe® uptake by total red cell mass, it was
assumed that blood volume was 5.18% of
body weight at time of sacrifice. Engymes
were obtained from commercial companies
(Table I). Sialic acid was determined by
direct Ehrlich reaction described by Werner
and Odin(3).

TABLE I. Erythropoietic Aetivity of Proteolytic Enzymes.

Enzyme Purity Source Dose, mg  Fe® uptake, avg %
Pepsin Crystalline Worthington b 74+ 9
Trypsin ” ” 1 11.1 + 1.6
Chymotrypsin ” ” 1 112+ .2
B. subtilis pro- Crude Novo D 9.2 + 1.1

teinase
Bromelin " Takamine 5 13.6 = 1.1
Fiein ” Lilly N5} 9.1 + 1.4
Control 103 = .9
Papain Crude extract Penick 5.0 143 = 1.2
Control 7.8 1.0
Papain Partially purified Tilly 2 13.1+13
Control 10.1 == 1.5
Papain Crystalline Worthington .1 134 = 1.5
Control 10.3 += .9
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Results. Erythropoietic activity was de-
tected in crude preparation of bromelin and
in crude, partially purified, and crystalline
preparations of papain. Other proteolytic
enzymes showed no activity. The data are
summarized in Table 1.

Crystalline papain contained 1.1% of sialic
acid.

Discussion. Our results raise the following
questions: (1) Is erythropoietic activity of
papain related to its proteolytic activity or to
a specific structure of the enzyme molecule?
(2) Ts sialic acid an impurity in crystalline
papain preparations or is it part of the en-
zyme molecule? These require further in-
vestigation.

Summary. Crystalline papain and crude

bromelin preparations stimulate erythropoie-
sis. whereas other proteolytic enzymes are
ineffective.  Sialic acid, measured by direct
Ehrlich reaction, has been detected in crystal-
line papain preparations.

We wish to thank R. O. Froman for technical as-
sistance and Dorothy J. Pieper for Fei" assays.
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Thyroid Hormone Binding Proteins in Human Serum Characterized by

Immuno-Electrophoresis and Auto-Radiographic Tracings.®

J. CLausEN AnND T. MUNKNER

There is no general agreement on the na-
ture of linkage of thyroxin and triiodothyro-
nine to human serum proteins(1). Identifi-
cation. isolation and investigation of these
binding proteins are essential to understand-
ing the transport of thyroid hormone and may
involve a better knowledge of metabolism of
the hormone. By a combination of immuno-
electrophoresis of human sera incubated with
radio-thyroxin and radio-triiodothyronine and
autoradiographic technic it has been possi-
ble to identify exactly the thyroxin- and
triiodothyronine-binding proteins as the same
3 lipoproteins. This combination of immuno-
electrophoresis with tracer technic seems to
be the method for identifying and estimating
linkage of organic and inorganic compounds
to serum proteins.

Methods. Tmmuno-electrophoresis(2) was
performed as described by Scheidegger(3) at
pH 8.6 and stained for serum proteins. Lipo-
proteins were demonstrated with Oil red O

* These investigations supported by grants from
King Christian X Fn, and from F. L. Smidth & Co.
Ltd. Jubilee Fn., Copenhagen, Denmark.

(25720)

(Introduced by G. Asboe-Hansen)

(4). Ten to 20 pl of human serum were in-
cubated with corresponding volume of a
radio-L-thyroxine or radio-L-triiodothyronine
solution in 50% propylene-glycol (Abbott
Laboratories). Activity was 2-3 pc/sample
and by incubation about 0.3 10" M thyroxin
or 0.2 10" M triiodothyronine were added to
original hormone content of serum. After
immuno-electrophoresis the slides were placed
in direct contact with Kodak X-ray film or
Kodak autoradiographic film for a week and
then developed.

Results, Fig. 1 shows immuno-electro-
phoresis of normal serum incubated with
thyroxine (upper half) and triiodothyronine
(lower half) and stained conventionally for
serum protein precipitation bows with amido-
black. Fig. 2 shows corresponding autoradio-
graphs. Only 3 different precipitation bows
contain radioactivity. From their mobility
these 3 thyroxine- and triiodothyronine-bind-
ing proteins must be identified with the 3
known lipoproteins in normal human serum,
i.e., alpha-2-lipoprotein (the slow moving
lipoprotein fraction), alpha-1-lipoprotein (the



