ute, the calories expended for tempera-
ture regulation are easily replaced if the
flowers contain their full complement
of nectar.

Many bees and other insects, as well
as hummingbirds, take nectar from E.
angustifolium and thereby reduce the
amounts of sugar that are available in
the flowers at any one time. For exam-
ple, the unscreened flowers (examined
an hour after the screened) contained a
mean of only 0.086 mg of sugar (range,
0.00 to 0.17 mg; N =51). However, de-
spite the relatively low sugar content of
these flowers, B. vagans should make an
energetic profit from them at low T,
if each bee extracts nectar from more
than 1.7 flowers per minute. The above
approximations suggest that the ener-
getic cost of temperature regulation is
justified in B. vagans foraging from E.
angustifolium at relatively low T,, es-
pecially if the bees can harvest nectar
at times when other insects are excluded
from the flowers.

The bumblebees are probably seldom
required to actively dissipate heat from
the thorax while foraging; under maxi-
mum thermal conditions observed in
the field (noon sunshine at 31°C), Ty,
tends to be no higher than 40°C (Fig.
1). Since the abdomen is often heated
by solar radiation and approaches Ty,
and since heat loss by forced convection
from the abdomen is greatly reduced
when the bees are walking on flowers,
the abdomen obviously could not act
as an efficient heat dissipater for excess
heat from the thorax during foraging,
as in the sphinx moth Manduca sexta
[see (19)].

In hovering sphinx moths, heat is pro-
duced continuously at a high rate. In
M. sexta during free and continuous
flight at T'y >23°C, Ty, is regulated at
the upper tolerable temperature level
(40° to 43°C) by shunting the excess
heat (via the blood) from the thorax
(19). Howeyver, in foraging bumblebees
that land on flowers, the durations of
obligatory heat production are brief; the
bees are in continuous flight between
individual flowers for only 1 to 3 sec-
onds. Heat production is optimal dur-
ing the stationary periods, and B. va-
gans regulates Ty, near the lower limit
of Ty, [see (9)], at which temperature
flight between the scattered and calor-
ically rewarding flowers of E. angusti-
folium is possible. However, bumble-
bees on dense inflorescences often have
a lower Ty, when the caloric contents
of the flowers are low, whereas under
other conditions Try;, can be relatively
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high when bees are foraging at low
T, (20).
Temperature regulation in bumble-

bees has been treated separately in re- -

lation to food resources, foraging strat-

egies, and floral morphology (20).
BERND HEINRICH

Division of Entomology, University

of California, Berkeley 94720
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Initiation of Protein Synthesis at an Unusual

Position in an Immunoglobulin Gene?

Abstract. The amino acid sequence of urinary 3,-microglobulin has been par-
tially determined and found to be related to the constant region of 1gG immuno-
globulin heavy chain. 35,-Microglobulin is present in normal individuals. Its gene
may have evolved from an immunoglobulin gene by the use of an unusually
located start signal for initiating synthesis of the polypeptide.

Large deletions have been described
in the genes controlling the synthesis of
myeloma or myeloma-like immunoglob-
ulins (7). The details of one of these
deletions led Smithies et al. (2) to pro-
pose that all of the currently docu-
mented examples might be the conse-
quence of DNA breakage and its
nonhomologous repair. One of the pos-
sible outcomes of the breakage and re-
pair events considered was that a start
signal different from the normal one
might be used to initiate protein syn-
thesis in the neighborhood of a deletion.
The data presented in this report sug-
gest that this can occur.

In the course of a search for new
examples of deletions in. immunoglobu-
lins and a general survey of urinary
proteins of low molecular weight we
determined the partial amino acid se-
quences of four proteins. Two were
Bence Jones proteins with starch-gel
electrophoretic mobilities indicating that
they might be smaller than usual. The
other two were not thought to be related
to immunoglobulins although they had
been isolated from a myeloma patient
with severe renal tubular malfunction
(3). One of these two was a retinol
(vitamin A)-binding protein (4); the
other was immunologically identical (4)
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Eu <—LeuMetIle Ser Arg ThrPro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Gin Val Lys Phe Asn Trp
263 255 260 265 270 275 277
Fa~Microg. Ile GinArg ThrPro LysTle Gln Val TyrSer ArgHis ProAlaGluAsnGly Lys SerAspPheLeuAsx Cys
' 5 10 5 20 25
Eu <«—LysAla LysGlyGIn Pro Arg Glu ProGInVal Tyr ThrLeuProProSer GluMet ThrLys Asn ValSerLeuThr Cys
340 345 3 oo~ EC 365 367
(ArgGlu) (Gln)
355
Eu TyrVal Asp Gly Val Gin ValHis AsnAla Lys ThrLys ProArgGlu Gin Gin Tyr AsxSer Thr Tyr —>
278 280 285 2%0 295 300
Po-Microg. TyrValSer Gly Phe ? ProSerAsplle Glx ValAsxLeuLeuLysAsxGlyGIx ? Ile—>
26 30 35 40 45
Eu LeuValLys Gly Phe TyrProSerAsplle AlaValGlu Trp Ser AsnAspGlyGlu Pro GluAsnTyr----~ Gly
368 370 375 380 (éh}) 385 390 446

Fig. 1. A comparison in two different alignments of the partial sequence of Bs-micro-
globulin with parts of the constant region of the heavy polypeptide chain of the IgG:
immunoglobulin Eu (8). Positions of identity are in boldface. The amino acids in
parentheses are from the Eu sequence but are omitted from the comparisons because
they appear to have no counterparts in Br-microglobulin. The key to the three-letter
code and the underlining is given in (I4). The residues that are identical in Eu and

B--microglobulin are also the same in the IgG.: immunoglobulin Vin (9).

to the QBy-microglobulin of unknown
function that was first characterized by
Berggérd and Bearn (5). To our sur-
prise, the sequence of the first 12 resi-
dues of the B,-microglobulin determined
in a trial experiment suggested that the
protein was related to two parts of the
heavy chain of immunoglobulin G
(I1gG). Another sample of B,-micro-
globulin was therefore prepared from
the urine of a different patient who had
recently received a kidney transplant
(but did not have multiple myeloma).
A sequence for 44 of the first 46 resi-
dues was determined for this protein in
two independent experiments in which
an Edman-Begg sequenator was used
(6) and the procedures of Smithies
et al. (7).

The partial amino acid sequence de-
termined for the B,-microglobulin is
given in Fig. 1 where it is compared
with sequences in the constant region of
the heavy chain of the IgG; immuno-
globulin Eu determined by Edelman
et al. (8). Residues that are identical in
Eu and B,-microglobulin are shown in
boldface type; the same residues also
occur at all of these positions in the
IgG, immunoglobulin Vin (9). Inspec-
tion of these sequences shows that four
of the first five residues of the By-micro-
globulin are the same as those in Eu at
positions 253 and 255-257. Position
252 in Eu is the relatively uncommon
amino acid methionine, the codon for
which can serve under suitable circum-
stances as the start signal for the initia-
tion of protein synthesis (10). These
findings are compatible with the start
signal and the first five amino acids
of B,-microglobulin having evolved
from the region 252 to 257 of an IgG-
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like gene. The residues in B,-micro-
globulin at positions 8 to 10 are the
same as the Eu residues at positions
347 to 349. This region is 87 residues
farther along the sequence of Eu, sug-
gesting that a large deletion in an IgG-
like gene may have occurred during the
evolution of the B,-microglobulin gene
(the reverse direction for this evolution
involving an insertion cannot be ex-
cluded but seems much less likely).

Table 1. Comparison of Berggard and

Bearn’s observed (5) amino acid composi- -

tion of Bymicroglobulin with that expected
from the present sequence data extended ac-
cording to the hypothesis proposed (I4).

R Residues (No.)
Amino acid -

Observed Expected

Asp 12 12
Thr 5 5
Ser 10 )
Glu
Pro
Gly
Ala
Cys
Val
Met
Ile
Leu
Tyr
Phe
His
Trp
Lys
NH;
Arg
Unknown 2

Total
(excluding NH,)

—

—
—
w

N = b O RR QNN

8-13

N YW e N AN NRR QNN WO

100 103

Residues at 16 more of the 44 known
Bo-microglobulin positions are found
in Eu at positions compatible with
the same large deletion together with
three other small deletions (Fig. 1).
Thus more than half of the known resi-
dues in B,-microglobulin correspond to
parts of the constant region of Eu and
Vin (IgGy and IgG,) heavy chains.
Comparable data for IgG, and IgG,
heavy chains are limited to 17 and 18
residues respectively (11), but at these
positions all four IgG immunoglobulins
are the same, having six residues identi-
cal with B,-microglobulin. Of 18 resi-
dues known in these regions for im-
munoglobulin M (IgM) (Z2), only one is
the same as [8,-microglobulin (compared
to 10 of the comparable 18 IgG posi-
tions). No sequence data are yet avail-
able in these regions for other classes
of immunoglobulins. Up to now provi-
sional tests with antiserums have been
relatively uninformative in the context
of homologies since [,-microglobulin
does not react positively with antiserums
specific for the heavy chains of IgG,
IgM, IgA, IgD, or IgE or with anti-
serums against kappa or lambda light
chains, or against the J chain, or the
transport piece of secretory IgA (4).

W. M. Fitch compared our partial
amino acid sequence of B,-microglobu-
lin with that of the heavy chain of Eu
using computer programs he has al-
ready described (/3). His tests, based on
comparisons of sequences whose length
is 20 residues, showed that, even with-
out postulating any gaps, the probability
is less than 1 in 103 that B,-microglobu-
lin would by chance be as similar to
Eu as our data indicate it to be. We
consequently conclude that the By-mi-
croglobulin gene is evolutionarily related
to an immunoglobulin gene.

Several simple schemes for the evolu-
tion of the present-day Bs-microglobulin
gene are readily imagined. The gene
may have evolved from an ancestor of
the present-day IgG genes primarily as
a consequence of mutation or mutations
leading to the formation of a valid
initiator at a position equivalent to 339
in the Eu sequence; this scheme implies
that the resemblance of the first few
amino acids of B,-microglobulin to the
Eu region 253 to 257 is fortuitous. A
second scheme is that the primary evo-
lutionary event was a massive deletion
of 87 amino acids in an Eu-like ances-
tral gene from positions 260 through
346, with the deletion enabling a meth-
ionine codon already at position 252 to
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serve as a valid initiator. We prefer this
second evolutionary scheme but cannot
prove that it provides a better explana-
tion of the data than the other. Clearly
we cannot exclude the possibility that
future information will show the Bo-
microglobulin gene to be more closely
related to the gene for the constant re-
gion of one of the immunoglobulin
classes not yet sequenced than it is to
the IgG genes.

The two evolutionary schemes con-
sidered have in common the hypothesis
that the By-microglobulin gene was
derived from an IgG-like gene. The
molecular size and complete amino acid
composition of Be-microglobulin can ac-
cordingly be predicted approximately by
adding to the presently determined par-
tial sequence of 46 amino acids the re-
mainder of the constant region of IgGy
from position 390 (where our sequence
data end) to the carboxy terminus of
IgG,; at position 446. The predicted
values can then be compared with the
data of Berggéard and Bearn (5) observed
experimentally. Table 1 shows the com-
parison. The agreement is satisfactory
when allowance is made for the expec-
tation that mutations will have occurred
in both descendants subsequent to the
first formation of the B,-microglobulin
gene from its presumed IgG-like ances-
tor. The hypothesis is consequently
supported by this independent test. A
determination of the complete sequence
of B,-microglobulin should provide a
more stringent test.

The data of Berggard and Bearn (5)
show that the By-microglobulin gene is
present and translated in normal indi-
viduals, since the protein was found in
urine and plasma from ten healthy indi-
viduals and in five presumed normal
samples of cerebrospinal fluid. The
questions therefore arise as to whether
the DNA corresponding to the begin-
ning part of the immunoglobulin heavy
chain gene which we postulate to be the
progenitor of the B,-microglobulin gene
is still in the genome of present-day
individuals, and if so whether it is tran-

scribed into RNA and translated into-

protein with or without a variable re-
_gion attached to it. What function, if
any, [s-microglobulin has in the im-
mune system is likely to depend on the
answers to these questions. In any case,
a careful search for the function and
species distribution of this interesting
protein appears to be warranted.

In conclusion, the partial amino acid
sequence of a normal human protein,
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Bo-microglobulin, is compatible with the
evolution of its gene from the carboxy
terminal portion of an immunoglobulin

constant region gene as the result of the

use of a new start signal for initiating
synthesis of the polypeptide.

O. SMITHIES
Laboratory of Genetics,
University of Wisconsin,
Madison 53706
M. D. PouLx

Research Institute of West Beaumont
Hospital, Royal Oak, Michigan 48072
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Cellular Site of Glucocorticoid-Receptor Complex Formation

Abstract. The cellular site of binding of dexamethasone by specific glucocorti-
coid receptors in cultured hepatoma cells was investigated with the use of certain

mercurials. p-Chloromercuribenzene

sulfonate

and  p-chloromercuribenzoate

inhibit the binding of steroid by receptors in cell-free extracts, but they allow the
steroid-receptor complex to form in whole cells. In contrast, HgCl, inhibits binding
both in extracts and cells. Since both organic mercury compounds, unlike HgCl,,
do not reddily enter intact cells, it appears that the specific steroid binding occurs
inside the cell rather than at the cell membrane.

The first step in the cellular action of
steroid hormones in many tissues ap-
pears to be intracellular binding of the
hormone by cytoplasmic receptors (I).
The latter, upon complexing with the
steroid, are thought to migrate to the
nucleus to initiate the characteristic bio-
logic response (2). However, many hor-
mones act on the cell surface (3). Fur-
thermore, considerable evidence sug-
gests that steroids do interact with and
directly modify membranes (4) and
that, in amphibian oocytes, progesterone
can activate protein synthesis by acting
on the cell surface (5). We therefore
thought it important to investigate fur-
ther, using a different approach, wheth-

er the steroid receptors are truly cyto-
plasmic or merely appear so because

- they, like many surface proteins (6), are

released from membranes during cell
fractionation.
We have been studying the gluco-

- corticoid-specific receptor interactions

in cultured rat hepatoma (HTC) cells,
and report here evidence that dexa-
methasone binding to these receptors
takes place inside the cell. For these ex-
periments, we have taken advantage of
the findings that mercurials inhibit the
specific dexamethasone binding by cyto-
plasmic extracts of HTC cells (7), and
that under certain conditions some of
these inhibitors do not readily enter
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