
aration of porcine TCT conjugated to 
albumin reacts specifically with the 
extracted polypeptide in vitro and with 
the hormone as it is situated in the 
thyroid epithelial cell in tissue section. 
The specificity of the latter reaction is 
shown by (i) localization of fluores- 
cent staining in the cytoplasm of the 
thyroid cells, (ii) inhibition of this 
fluorescent staining by prior reaction 
of the thyroid tissue with nonconju- 
gated antiserum to TCT, and (iii) 
failure of fluorescent antiglobulin to 
TCT to produce specific staining af- 
ter it has been incubated with a prep- 
aration of homogeneous TCT. The 
presence of fluorescence in all dis- 
cernible thyroid epithelial cells sug- 
gests that, in all cells, TCT is syn- 
thesized or stored or both. The ob- 
served variation in the intensity of 
fluorescence among the cells may in- 
dicate variation in the quantity of 
TCT synthesized or stored, but more 
sensitive techniques will be necessary 
before this finding can be evaluated. 
The granular appearance of the fluor- 
escence in many cells suggests that 
TCT is localized in some intracellular 
organelle. Improved microscopic reso- 
lution of fluorescent tissue sections 
should clarify this observation. 

Thus, TCT is present in all porcine 
thyroid epithelial cells. It is not present 
in the follicular colloid but must be 
synthesized or stored in the same cells 
that elaborate thyroglobulin. 

GARY K. HARGIS 
GERALD A. WILLIAMS 

Veterans Administration West Side 
Hospital and University of Illinois 
College of Medicine, Chicago 

ALAN TENENHOUSE 

CLAUDE D. ARNAUD 

Department of Biochemistry, 
School of Medicine, University of 
Pennsylvania, Philadelphia 

References and Notes 

1. D. H. Copp, A. G. F. Davidson, B. A. 
Cheney, Proc. Can. Fed. Biol. Soc. 4, 17 
(1961). 

2. P. H. Hirsch, G. F. Gauthier, P. L. Munson, 
Endocrinology 73, 244 (1963). 

3. D. H. Copp, E. C. Cameron, B. A. Cheney, 
A. G. F. Davidson, K. G. Henze, ibid., 70, 
638 (1962). 

4. G. V. Foster, A. Baghdiantz, M. A. Kumar, 
E. Slack, H. A. Soliman, I. Maclntyre, Nature 
202, 1303 (1964). 

5. P. H. Hirsch, E. F. Voelkel, P. L. Munson, 
Science 146, 412 (1964); A. Baghdiantz, G. V. 
Foster, A. Edwards, M. A. Kumar, E. Slack, 
H. A. Soliman, I. Maclntyre, Nature 203, 
1027 (1964). 

6. A. Tenenhouse, C. Arnaud, H. Rasmussen, 
Proc. Nat. Acad. Sci. U.S. 53, 818 (1965). 

aration of porcine TCT conjugated to 
albumin reacts specifically with the 
extracted polypeptide in vitro and with 
the hormone as it is situated in the 
thyroid epithelial cell in tissue section. 
The specificity of the latter reaction is 
shown by (i) localization of fluores- 
cent staining in the cytoplasm of the 
thyroid cells, (ii) inhibition of this 
fluorescent staining by prior reaction 
of the thyroid tissue with nonconju- 
gated antiserum to TCT, and (iii) 
failure of fluorescent antiglobulin to 
TCT to produce specific staining af- 
ter it has been incubated with a prep- 
aration of homogeneous TCT. The 
presence of fluorescence in all dis- 
cernible thyroid epithelial cells sug- 
gests that, in all cells, TCT is syn- 
thesized or stored or both. The ob- 
served variation in the intensity of 
fluorescence among the cells may in- 
dicate variation in the quantity of 
TCT synthesized or stored, but more 
sensitive techniques will be necessary 
before this finding can be evaluated. 
The granular appearance of the fluor- 
escence in many cells suggests that 
TCT is localized in some intracellular 
organelle. Improved microscopic reso- 
lution of fluorescent tissue sections 
should clarify this observation. 

Thus, TCT is present in all porcine 
thyroid epithelial cells. It is not present 
in the follicular colloid but must be 
synthesized or stored in the same cells 
that elaborate thyroglobulin. 

GARY K. HARGIS 
GERALD A. WILLIAMS 

Veterans Administration West Side 
Hospital and University of Illinois 
College of Medicine, Chicago 

ALAN TENENHOUSE 

CLAUDE D. ARNAUD 

Department of Biochemistry, 
School of Medicine, University of 
Pennsylvania, Philadelphia 

References and Notes 

1. D. H. Copp, A. G. F. Davidson, B. A. 
Cheney, Proc. Can. Fed. Biol. Soc. 4, 17 
(1961). 

2. P. H. Hirsch, G. F. Gauthier, P. L. Munson, 
Endocrinology 73, 244 (1963). 

3. D. H. Copp, E. C. Cameron, B. A. Cheney, 
A. G. F. Davidson, K. G. Henze, ibid., 70, 
638 (1962). 

4. G. V. Foster, A. Baghdiantz, M. A. Kumar, 
E. Slack, H. A. Soliman, I. Maclntyre, Nature 
202, 1303 (1964). 

5. P. H. Hirsch, E. F. Voelkel, P. L. Munson, 
Science 146, 412 (1964); A. Baghdiantz, G. V. 
Foster, A. Edwards, M. A. Kumar, E. Slack, 
H. A. Soliman, I. Maclntyre, Nature 203, 
1027 (1964). 

6. A. Tenenhouse, C. Arnaud, H. Rasmussen, 
Proc. Nat. Acad. Sci. U.S. 53, 818 (1965). 

7. G. V. Foster, I. Maclntyre, A. G. E. Pearse, 
Nature 203, 1029 (1964). 

8. T. L. Goodfriend, L. Levine, G. D. Fasman, 
Science 144, 1344 (1964). 

9. V. J. Yakulis and P. Heller, Am. J. Clin. 
Pa'hol. 31, 323 (1959). 

1 APRIL 1966 

7. G. V. Foster, I. Maclntyre, A. G. E. Pearse, 
Nature 203, 1029 (1964). 

8. T. L. Goodfriend, L. Levine, G. D. Fasman, 
Science 144, 1344 (1964). 

9. V. J. Yakulis and P. Heller, Am. J. Clin. 
Pa'hol. 31, 323 (1959). 

1 APRIL 1966 

10. V. J. Yakulis, P. Heller, A. M. Josephson, L. 
Singer, Am. J. Clin. Pathol. 34, 28 (1960). 

11. J. S. Baumstark, Fed. Proc. 23, 547 (1964). 
12. H. Rinderknecht, Nature 193, 167 (1962). 
13. G. K. Hargis, V. J. Yakulis, G. A. Williams, 

A. A. White, Proc. Soc. Exp. Biol. Med. 117, 
836 (1964). 

14. We thank V. J. Yakulis for consultation and 
assistance, Mrs. Patricia Boulware for assist- 
ance in tissue preparation, Miss Elizabeth 
Middleton for technical assistance, and the 
Medical Illustration Service of the West Side 
V.A. Hospital for preparing the photographs. 
Supported in part by grants from NIH (A-5762 
and AM-09494-1). One of us (A.T.) holds 
USPHS postdoctoral fellowship (1 F Z AM 
24014). 

1 February 1966 
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Abstract. The number of hemoglo- 
bins found in individual mature lar- 
vae of several Chironomus species' is 
six to nine. The consistency of this 
number and of the electrophoretic 
mobilities of these separable forms 
seems to indicate the synchronous pro- 
duction of polypeptide chains by sev- 
eral genetic loci. 

Multiple forms of hemoglobin with- 
in species may result from allelic varia- 
tions, or from the independent action 
of several gene loci. The total number 
of variant hemoglobins from allele sub- 
stitutions is limited only by the rate 
and retention of mutations, but in 
single individuals having a two-locus 
system of genetic control the number 
of forms can be no greater than four 
(with heterozygosity at both loci). 
This degree of multiplicity has been 
reported for the major adult hemoglo- 
bin of humans (1). Further multiplic- 
ity may result from the expression of 
alternative loci in the formation of 
polypeptide chains. In many mammals, 
for example, a fetal hemoglobin is re- 
placed near birth by adult hemoglobin 
through the substitution of one globin 
chain (/f) for another (y) (2). It has 
also been shown that in a number of 
mammals, more than one hemoglobin 
is produced during adult life (3). In 
most such cases, the number of hither- 
to separable forms is two or three, 
with at least one "minor" component. 
Among the lower vetebrates, the lam- 
prey Petromyzon planeri has two forms 
each of both adult and fetal hemoglo- 
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globins from a single insect species 
may take several molecular forms. 
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globins from a single insect species 
may take several molecular forms. 

From homogenates of numbers of lar- 
vae of Chironomus thummi, Braunitzer 
and Braun (5) obtained four major 
hemoglobins, of which three have been 
characterized extensively. In agreement 
with earlier studies (6), all were found 
to be dimers of around 31,400 mo- 
lecular weight, having two hemes and 
two dissimilar polypeptide chains. While 
these chains are only 124 to 127 resi- 
dues in length and differ markedly 
from mammalian chains in their amino 
acid composition (7), Braunitzer has 
suggested (5, 8) a common ancestry, 
after which various genetic changes, 
including deletions, have wrought ex- 
tensive alterations. 

As far as the multiplicity of hemo- 
globins within the homogenate of 
Chironomus thummi is concerned, it 
was not determined whether this di- 
versity was due to genetic heterozygosi- 
ty, heterogeneity among individuals, 
transitions among developmental stages, 
or the synchronous expression of sev- 
eral loci. We now present evidence, 
from starch-gel electrophoresis of the 
hemoglobins from individual larvae of 
several Chironomus species (9), that 
several loci operate synchronously in 
the formation of hemoglobin polypep- 
tides near the end of larval life. 

Hemolymph samples from large last- 
instar larvae were run on gels similar 
to that described by Kristjansson (10), 
with Poulik's discontinuous system of 
buffers (11). Gels were stained with 
benzidine, although staining with amido 
black usually gave similar patterns. It 
was found in every species examined 
that individual larvae contain more 
than one major hemoglobin. Most 
species, in fact, have shown consistent 
patterns with six or more separable 
forms. Chironomus atrella appeared to 
be exceptional in having only two. 

In agreement with the findings of 
Braunitzer and Braun, Chironomus 
thunmmi appears to have four major 
hemoglobins, although there are indica- 
tions of at least four minor compo- 
nents as well. As seen in Fig. 1, both 
this and other species characteristically 
show differences correlating with size 
and degree of pigmentation. Although 
in general the intensification of bands 
parallels 'the superficial reddening of 
larvae, especially during the third in- 
star, certain early bands commonly 
make their appearance well ahead of 
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Fig. 1. Starch-gel electrophoresis of hemo- 
lymphs from individual third-instar larvae 
of three Chironomuts species. (A) C. 
ten tans (American). (B) . thul mi. (C) 
C. atrella. Numbers designate length in 
millimeters. 
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I I 
Fig. 2. Electrophoretic pattern from third- 
instar larvae of C. tentans (German), 
comparable in size and degree of pigmen- 
tation. 1--3, 21 mm; 4-6, 22 mm; 7-9, 23 
mm; 10--12, 24 mm. 

accumulation which may be compa- 
rable in basis to the fetal-adult transi- 
tion in mammals. The entire pattern 
fades and disappears during the late 
prepupal stage (fourth instar) when 
the hemoglobins are apparently de- 
graded. 

The consistency of pattern within 
species, when individuals identical in 
size and pigmentation are compared 
(Fig. 2), apparently eliminates genet- 
ic heterogeneity as a primary factor 
in the multiplicity of hemoglobins. Al- 
though there are occasional variations 
in pattern which may be the result of 
allele substitution, it is clear that in 
general there is a standard pattern 
which probably reflects a standard 
genotype. 

By the same token, heterozy- 
gosity is not a factor. The only con- 
ceivable way of obtaining a standard 
pattern with heterozygosity would be 
the establishment of a rigid system of 
balanced lethals. In view of the evi- 
dence (see 12) that Chironomus popu- 
lations contain extensive chromosomal 
polymorphism, but without the prev- 
alence of any single heterozygous type, 
this is very unlikely. 

The possibility that multiple hemo- 
globins could be generated by a single- 
locus system like that which controls 
haptoglobin structure in humans also 
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appears slender. In the case of the 
haptoglobins, it appears that at least 
one allele of a single-locus system 
specifies a haptoglobin that is capable 
of several degrees of polymerization. 
each polymer having its own dis;inc- 
tive mobility in electrophoresis (13). 
In the case of Chironomus, however, 
no variation from the dimeric form 
or a molecular weight of 31,400 has 
been reported during a long period of 
study. 

Thus it appears that the multiplicity 
of hemoglobins among these various 
species of Chironomus must be due 
to the independent specification of 
globin chains at several loci. Although 
such situations are now widely known 
among the more extensively studied 
mammals, and their genetic and evolu- 
tionary implications have been re- 
viewed thoroughly (14), the concur- 
rent production of eight or more mo- 
lecular species in Chironomus certainly 
represents one of the most striking in- 
stances of control by what we assume to 
have been independently evolving "re- 
peats" or duplications of an ancestral 
globin factor. The lack of conserva- 
tism in this case may derive from the 
limited involvement of the Chironomus 
hemoglobin in actual oxygen transport 
in any but the most adverse condi- 
tions (15). 

There are aspects of the integra- 
tion of gene products in Chironomus 
which are still difficult to understand. 
Studies in progress on the hybridiza- 
tion of European and American races 
of Chironomus tentans (which may be 
seen from Figs. 1 and 2 to have 
quite different electrophoretic patterns) 
have shown that starch-gel patterns 
among the F2 are quite variable, as if 
factors heterozygous in the hybrids 
were segregating. On the other hand, 
the number of separable bands in the 
F1 is not increased as markedly as 
one might expect from extensive 
heterozygosity. It may ultimately be 
found that these racial hemoglobin dif- 
ferences are largely quantitative rather 
than qualitative, as with certain of the 
human conditions (16). 
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Electron Microscopy: Tight 
Junctions in Synapses of the 
Chick Ciliary Ganglion 

Abstract. Examination of the syn- 
aptic membranes in calyciform endings 
of the chick ciliary ganglion has shown 
tight junctions selectively located on 
axon hillocks of postsynaptic neurons. 
Observations of similar membrane fu- 
sion in other junctions that involve 
electrotonic transmission suggest the 
possibility of identifying electrotonic 
junctions by electron microscopy. 

Examination of synaptic junctions 
with the electron microscope has re- 
vealed fundamental new evidence link- 
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Electron Microscopy: Tight 
Junctions in Synapses of the 
Chick Ciliary Ganglion 

Abstract. Examination of the syn- 
aptic membranes in calyciform endings 
of the chick ciliary ganglion has shown 
tight junctions selectively located on 
axon hillocks of postsynaptic neurons. 
Observations of similar membrane fu- 
sion in other junctions that involve 
electrotonic transmission suggest the 
possibility of identifying electrotonic 
junctions by electron microscopy. 

Examination of synaptic junctions 
with the electron microscope has re- 
vealed fundamental new evidence link- 
ing structural characteristics to electro- 
tonic, as contrasted to chemical, syn- 
aptic transmission. A number of junc- 
tions are now known to be electrotonic, 
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