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Rabbit Hemoglobin Biosynthesis: Use of Human Hemoglobin

Chains To Study Molecule Completion

Abstract. A cell-free protein-synthesizing system made from rabbit reticulocytes
was used to incorporate C-amino acids into hemoglobin. Electrophoretic anal-
yses of the soluble products of this cell-free system revealed a fraction containing
rabbit 1C-alpha chains in addition to the rabbit 14/C-hemoglobin. The addition
of isolated human hemoglobin beta chains to this system during active synthesis
inhibited the release of newly synthesized rabbit 14C-beta chains into solution
from the ribosome fraction. This inhibition was possibly a result of hybrid
hemoglobin formation between rabbit alpha and human beta chains. A model
of hemoglobin construction in which soluble alpha chains are intermediates is
suggested. These alpha chains may aid in the release of beta chains from the
polyribosomes during the completion of the hemoglobin molecule.

The hemoglobin molecule is com-
posed of two peptide «-chains, two
peptide B-chains, and four heme
groups. Biosynthesis of the individual
chains in rabbit reticulocytes, apparently
occurring on separate polyribosomes, is
followed by release to the soluble phase
(1). However, the exact mechanism of
construction of the final hemoglobin
molecule remains unknown.

A cell-free system from rabbit reticu-
locytes can incorporate 14C-amino acids
into soluble hemoglobin (2). This pro-
tein-synthesis system should be useful
in exploring the terminal steps in com-
pletion of hemoglobin. We wanted to
obtain information on the nature of the
soluble chains involved in completion.

Bucci and Fronticelli showed that
isolated undenatured - and B-chains
can be obtained from human hemo-
globin by treatment with p-chloro-
mercuribenzoate (3). Because of the
excellent homology between rabbit and
adult human hemoglobin chains (6),
we decided to see if the addition of
these isolated human chains to the rab-
bit cell-free system (4, 5) would affect
the completion of rabbit hemoglobin in
a specific manner.

The presence of human hemoglobin
a- or QB-chains in the rabbit system
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throughout the 60-minute incubation
did not change the total incorporation
of #C-valine into protein (Table 1).
However, human S-chains, but not hu-
man q-chains, caused a shift in distri-
bution of radioactivity between the
soluble and ribosome-bound proteins.
The presence of human S-chains re-
sulted in a 30-percent decrease in the
amount of protein radioactivity in solu-
tion. There was a corresponding in-
crease in the amount of protein radio-

Table 1. Effect of human hemoglobin chains
on protein synthesis in a cell-free system from
rabbit reticulocytes. In the reaction mixture,
each assay contained 4 mg of ribosomes and
0.1 umole of *C-valine (1.0 mc/mmole) in
a final volume of 1.4 ml; 0.37 mg of human
a-chains or 0.39 mg of human g-chains were
included as indicated. The mixture was incu-
bated for 60 minutes at 37°C. After the
incubation, the ribosomes were removed by
centrifugation (105,000g for 90 minutes). Both
the ribosome pellet and resulting supernatant
(soluble fraction) were washed for count-
ing of radioactive protein in a liquid-scintilla-
tion system (I4).

1aCovaline § .
Addition to C-valine in protein

reaction (mymole)

mixture Total Soluble Ribosomes
None 6.12 4.89 1.23
«-Chains 6.20 4.97 1.23
B-Chains 6.00 3.24 2.76

activity in the ribosome fraction. This
effect was not seen if the S-chains were
incubated with an equal amount of a-
chains, thereby forming human hemo-
globin A (7) before addition to the
rabbit system. Thus, the change in dis-
tribution of radioactivity between solu-
ble and ribosome-bound protein was
caused specifically by free human -
chains.

To learn whether this shift in distri-
bution of protein radioactivity could
be explained by an inhibition of nas-
cent rabbit a- or B-chain release into
solution from the ribosomes, we pre-
pared rabbit globin from each of the
two labeled soluble phases (super-
natant after centrifugation at 105,000g)
isolated after cell-free incubations with
and without added human g-chains.
The o- and B-chains of these globins
were separated on carboxymethylcellu-
lose columns (8). The presence of
human S-chains in the incubation mix-
ture caused a 45-percent decrease in the
amount of radioactivity found in the
rabbit B-chain peak. The amount of
radioactivity in the rabbit q-chain re-
mained the same. Thus, human j3-
chains appeared to inhibit selectively
the release of newly synthesized rabbit
B-, but not a-, chains into the soluble
phase from the ribosome fraction (9).

We investigated the question of
whether the human chains added dur-
ing active synthesis were able to form
hybrid hemoglobins (/0) with the
newly synthesized rabbit ‘C-chains.
Forty percent of the soluble '*C-protein
radioactivity traveled with the carrier
"B 3,4 hybrid band when human
B-chains had been present during active
synthesis (Fig. 1a). Conversely, 55 per-
cent of the soluble 4C-protein radio-
activity was located in the carrier a,*
3.4 band when human ¢-chains were
present (Fig. 1b). Furthermore, chain-
separation chromatography of the glo-
bins eluted from these hybrid bands
showed that in both cases the C radio-
activity was located in the particular
rabbit chain consistent with the forma-
tion of a true hybrid hemoglobin.

Formation of these hybrids was ac-
companied by a corresponding decrease
in the amount of “C-protein radio-
activity in the pure rabbit hemoglobin
band. (See Fig. 2a for a typical electro-
phoretic pattern of the soluble phase
from an incubation without added hu-
man chains.) Figure 1 also shows that
the human chains did not induce the
breakdown of already formed rabbit
sH-hemoglobin included in the incuba-
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tion mixtures. Collectively, these data
suggest that human chains inhibit rab-
bit hemoglobin completion by forming
complexes with the newly synthesized
rabbit chains to form hybrid hemo-
globins.

Formation of hybrid hemoglobin
during active protein synthesis sug-
gested the use of human chains for
assay of rabbit *C-chains in solution
after incubation of the cell-free system.
The electrophoretic pattern (Fig. 2a)
of the labeled soluble phase isolated
after a 60-minute incubation in the ab-
sence of human chains shows a band
of rabbit *C-hemoglobin containing 67
percent of the radioactivity of the solu-
ble protein. Moreover, Fig. 2a indicates
the presence of some electrophoretical-
ly disperse, labeled material traveling
primarily between the line of applica-

tion and the rabbit hemoglobin band.

A sample of this isolated soluble
phase was incubated with human g-
chains. Subsequent electrophoresis re-
vealed that most of the disperse *C-
protein had been converted into a ma-
terial traveling with the «,**® 8, hy-
brid hemoglobin (Fig. 2b). Figure 2
also shows that neither the newly syn-
thesized rabbit ''C-hemoglobin nor al-
ready formed rabbit *H-hemoglobin
was broken down during this assay with
human B-chains. Chain-separation
chromatography of the globin eluted
from the hybrid band of Fig. 2b showed
that only the @-chain was *C-labeled.
We conclude from these data that solu-
ble, newly synthesized a-chains exist in
a nonhemoglobin form after protein
synthesis has occurred in the cell-free
system.

The reason for the electrophoretically
disperse nature of this q-chain compo-
nent is unknown. Perhaps the lack of
enough protein to act as carrier pre-
vents the q-chains from forming a dis-
crete band. The newly released q-chains
might also exist in association with
other soluble components. Other studies
with whole reticulocyte cells in this
laboratory have revealed a similar solu-
ble component containing newly syn-
thesized «-chains which appear to be
intermediates in hemoglobin construc-
tion (11).

When another sample of the soluble
phase of the experiment (Fig. 2) was
incubated with human q-chains instead,
no 4C-qy* B,%AB hybrid was detected
in the electrophoretic pattern. This sug-
gests that the soluble phase isolated
after synthesis did not contain measur-
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Fig. 1 (left). Radioactive protein patterns after electrophoresis of soluble phases on cellulose acetate strips. The incubated cell-
free mixtures (4) contained (a) 0.37 mg of human hemoglobin B-chains and (b) 0.38 mg of human hemoglobin a-chains. The
assays also included 2.3 mg of rabbit 3H-hemoglobin prepared from reticulocyte cells labeled with sH-leucine. After incubation for
60 minutes, 15 mg (0.1 ml) of a hybrid (rabbit and human) hemoglobin mixture (70) was added as carrier protein. The ribosomes
were removed by centrifugation, and the supernatant was analyzed by electrophoresis (I5). The position of the stained bands of
the carrier hybrid hemoglobin mixture are shown with each radioactive protein pattern. The line of application is denoted by zero.
Fig. 2 (right). Electrophoretic patterns of (a) the soluble phase isolated after a cell-free incubation and (b) the same soluble
phase incubated with human hemoglobin B-chains. Fractions (0.15 ml) of the soluble phase were mixed with 0.05 ml containing

(a) phosphate buffer and (b) 0.19 mg of human B-chains. These assays were incubated for 10 minutes at 37°C and analyzed by
electrophoresis (15). For other details, see the legend to Fig. 1.
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able amounts of free rabbit C-g-
chains. Additional studies showed that
90 percent of the **C radioactivity in
the pure rabbit hemoglobin band of
Fig. 2 was located in the B-chain. This
observation implies. that during protein
synthesis unlabeled rabbit «-chains
combine with newly synthesized 1*C-g-
chains to form completed rabbit hemo-
globin. Presumably, these rabbit -
chains are endogenous to the ribosome
and enzyme fractions of the incubation
mixture.

We suggest that, in rabbit hemo-
globin synthesis, growing a-chains are
released from the polyribosomes to the
solution when their primary-sequence
synthesis is completed. Synthesized g-
chains are brought into the molecule
finally by complementation with these
a-chains. Complementation may occur
with the B-chains still growing on the
polysome. Colombo and Baglioni have
shown that polysomes isolated from
reticulocytes contain about one com-
plete a-chain for every 5.5 being syn-
thesized (72). Others have suggested
that soluble «-chains might form com-
plexes with growing [B-chains on the
polysome and aid in their completion
and release (/3). Therefore, in our
experiments addition of human g-
chains to the cell-free system during
active protein synthesis might indirectly
inhibit release of rabbit 8-chains by de-
pleting the supply of rabbit «-chains
through «,%*® 3,4 hybrid formation.
However, there also exist alternative ex-
planations for the observed effect of
human B-chains on the release of rab-
bit B-chains.
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“Blastokinin”: Inducer and Regulator of Blastocyst

Development in the Rabbit Uterus

Abstract. 4 protein fraction that induces blastulation of rabbit morula and
stimulates blastocyst development has been isolated from the uterus of the rabbit
at early pregnancy. Partial purification of this fraction indicates that the activity
is restricted to a single homogeneous protein component. The term “blastokinin”

is proposed to describe the compound.

Development of mammalian ova in
vitro is arrested by the early blastocyst
stage (, 2). Even under the most fa-
vorable culture conditions known, only
initially cavitated blastocysts have been
obtained from fertilized rabbit ova or
any intermediate cleavage stage in
vitro. Rarely any progress much beyond
this stage has been noticed. Typically,
3-day rabbit morulae will grow to the
stage of initial cavitation in 12 to 24
hours in media supplemented with
serum; thereafter they cease to grow,
or they expand very slowly over a
period of several days. However, some-
what older embryos (5- to 6-day blasto-
cysts) can be grown in vitro for several
days but at a growth rate that continues
to decline relative to that occurring in
vivo (3, 4). Although slightly better
growth rates have been obtained with
each new modification of the medium,
it has not yet been possible to get con-
tinued growth of blastocysts, nor
growth of cleavage-stage embryos be-
yond initial cavitation, comparable to
the normal.

Obviously, the uterine environment
in some way provides for the regula-
tion of these phenomena. This regula-
tion may be brought about by a single
component or may be the result of
proper balancing in the uterus of other,
more common components of relatively
small molecular size, inadequately pro-

vided for in the culture media. So far
as is known, all evidence tends to ex-
clude the latter possibility. The infer-
ence then follows that, should there
be such a regulator, it is probably a
macromolecular component. We present
evidence that such a component oc-
curring at the time of blastulation and
blastocyst development can induce and
regulate these processes.

Table 1. Effect of supplementation of Ham’s
F10 with “blastokinin” on growth and devel-
opment of 3-day rabbit morulae into blasto-
cysts, compared to that of supplementation
with other proteins.

cf;rr?ézgl- b}i)l;[:)-s C;avitatefl Expanded
tration used in 24 hr in 24 hr
(No.) (No.)
(mg/ml) (No.)
Control (Ham’s F10)
24 12 (¢%))
“Blastokinin”
0.05 10 10 0
.10 10 10 (29) 2017
.20 14 13 10
.40 10 10 6
0.60 11 6 4017
1.00 10 5 3
2.00 6 0 0
10.00 6 0 0
Complete uterine-fluid proteir, 5 days after
coitus
0.30 10 5 0
.50 14 12 11
1.00 12 4 2
3.00 8 5 0
10.00 11 8 0
Maternal serum proteins
0.30 10 8 0
3.00 12 10 (0X)]
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