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Demonstration of a Saturable Binding Site for 
Thyrotropin in Yersinia enterocolitica 

Abstract. Several lines of evidence suggest that there might be immunologic cross- 
reactivity between the thyroid plasma membrane in humans and antigenic determi- 
nants in the enteric pathogen Yersinia enterocolitica. Studies were therefore 
performed to determine whether Y ,  enterocolitica, like the thyroid membrane, 
contains a thyrotropin binding site. A saturable binding site for bovine thyrotropin 
was indeed demonstrable, particularly in preparations of the organism that have 
been treated with ethylenediaminetetraacetate and lysozyme. Hormonal specijicity 
of the binding site, as judged from the inhibition of binding of '251-labeled bovine 
thyrotropin, was similar to that of the thyrotropin receptor in human thyroid tissue. 

In this report, we describe the pres- 
ence of a specific, saturable binding site 
for the mammalian peptide hormone thy- 
rotropin (TSH) in the pathogenic Gram- 
negative bacillus Yersinia enterocolitica. 
Several groups of observations prompt- 
ed us to explore this question. First, 
patients infected with Y. enterocolitica 
commonly display several disorders 
thought to  be autoimmune in nature, 
including arthritis, erythrema nodosum, 
Reiter's syndrome, and iritis (I).  Fur- 
ther, the serum of such patients contains 
a variety of antibodies to epithelium ( 2 ) ,  
including some which by immunofluo- 
rescent techniques can be shown to bind 
to the cytoplasm and plasma membrane 
of human thyroid epithelium (3). The 
second group of observations relates to 
patients with the autoimmune thyroid 
diseases, Graves' disease and Hashimo- 
to's disease; serum from these patients 
contains autoantibodies against a variety 
of thyroid antigens, including thyroid 
microsomal antigens and thyroglobulin 
(4). It is currently thought that among 
these antibodies in Graves' disease is 
an antibody against the TSH receptor 
which, like TSH, binds to the thyroid 

membrane, activates adenylate cyclase 
therein, and initiates the thyroid hyper- 
function characteristic of this disorder 
(4). It seemed of particular interest, 
therefore, that patients with Graves' dis- 
ease and Hashimoto's disease display, 
with inordinate frequency, both circulat- 
ing agglutinins against Y. enterocolitica 
and evidence of cell-mediated immunity 
against this organism (5). Also of rele- 
vance is a report that indicates that rab- 
bits immunized against human or rabbit 
thyroid tissue develop antibodies that 
are reactive against Y. enterocolitica (6). 

Together these findings raise the pos- 
sibility that one or more components of 
the thyroid membrane and of Y. entero- 
colitica share common or cross-reacting 
antigenic determinants. To  explore this 
question, we looked for functional ho- 
mology between Y.  enterocolitica and 
the thyroid plasma membrane, reasoning 
that this might reflect structural similar- 
ities that could, in turn, account for 
immunologic cross-reactivity. The best 
characterized functional unit of the thy- 
roid membrane is its receptor for TSH, 
the properties of which have been stud- 
ied by well-established techniques (7). 

Therefore, we conducted experiments to  
determine whether Y ,  enterocolitica 
could be shown to contain any site func- 
tionally analogous to the T S H  receptor 
in thyroid plasma membranes, and such 
indeed proved to be the case. 

Highly purified bovine T S H  (bTSH), 
labeled with Iz5I by a stoichiometric 
chloramine-T method (8),  was used as  a 
probe. Cultures of Y. enterocolitica, se- 
rological type 0:3, preserved in the fro- 
zen state, were provided by one of us 
(S.W.). For  each experiment, frozen or- 
ganisms were thawed out and cultured 
on blood agar plates, and were then 
subcultured overnight a t  room tempera- 
ture in brain-heart infusion broth. 

Initial experiments were directed at  
determining whether saturable binding of 
12'1-labeled bTSH to the Yersinia orga- 
nism could be demonstrated. Organisms 
were harvested by centrifugation and 
washed once with 10 m M  tris-HC1 buff- 
er,  pH 7.4. Cells were either studied live, 
killed by treatment with heat or 0.4 per- 
cent Formalin, or treated with lysozyme 
or lysozyme-EDTA, according to tech- 
niques previously described (9). Various 
concentrations of cells were then sus- 
pended in 10 m M  tris-HC1 buffer, pH 7.4, 
containing '25~-labeled bTSH (approxi- 
mately 10-"M) (10). Some tubes con- 
tained, in addition, 1.0 U of unlabeled 
T S H  for measurement of nonsaturable or 
nonspecific binding. Suspensions were 
incubated for 60 minutes at  room tem- 
perature, after which the bacterial resi- 
due was sedimented and counted. Under 
these conditions, nonspecific binding 
was regularly in the range of 1 to 2 
percent of added radioactive bTSH. In 
all preparations, binding of '25~-labeled 
bTSH in excess of nonsaturable binding 
was detected and remained constant for 
a t  least 6 hours. This specific binding 
varied in amount with the content of 
bacterial protein and the manner in 
which the bacteria had been treated. The 
least binding was evident in live and 
lysozyme-treated bacteria, and greatest 
binding in bacteria treated with a combi- 
nation of lysozyme and EDTA, in which 
preparations more than 20 percent of 
added 125~-labeled bTSH was bound 
(Fig. 1). We assume that the differences 
in tracer binding among bacteria pre- 
pared by the various methods were the 
result of differences in the ease of access 
of the tracer to the binding site. Because 
the greatest binding of Iz51-labeled bTSH 
was observed in lysozyme-EDTA prep- 
arations, this mode of treating the 
organisms was used in all subsequent 
studies. 

Characteristics of the saturable bind- 
ing were studied in comparable experi- 
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1. 
Heat 

Lysozyme 

Bacterial protein (ugltube) 
Fig. 1.  Binding of lZsl-labeled bTSH to Y. 
enterocoliticu. Bacteria were examined live, 
killed with heat (30 minutes at 65°C) or For- 
malin (0.4 percent for 18 hours), or treated 
with lysozyme, EDTA, or a combination of 
the two, according to published methods (9). 
Reaction mixtures (300 pl final volume) were 
composed of the indicated amounts of bacteri- 
al protein and approximately 10-"M I2j1- 
labeled bTSH in 10 mM tris-HCI, pH 7.4. 
Some tubes contained 1.0 U of unlabeled 
bTSH for determination of nonsaturable bind- 
ing. Reactions were carried at room tempera- 
ture for an hour. Results shown indicate the 
sedimentable I2'I, minus nonspecifically 
bound I2jI, expressed as a percentage of the 
total "'1 in the reaction mixture. 

ments in which lysozyme-EDTA treated 
organisms were incubated with '25~-la-  
beled bTSH and various concentrations 
of unlabeled bTSH. Progressive, and ul- 
timately almost complete, inhibition of 
binding of the labeled bTSH by unla- 
beled bTSH was evident. Saturation of 
binding sites was achieved at bTSH con- 
centrations above 0.5 Ulml. Scatchard 
plots of the data indicated that there was 
a single binding site with a binding maxi- 
mum (B,,,) of 2.9 X mole per milli- 

gram of bacterial protein and a dissocia- 
tion constant (Kd) of 4.2 x 1 0 - ' ~  (Fig. 
2). This value of the Kd indicates that the 
affinity of the bTSH binding site in Y. 
enterocoliticu is less than that of the 
high-affinity site ( I l ) ,  but greater than 
that of the lower afinity site, in human 
thvroid membranes. 

Additional experiments were per- 
formed to define the hormonal specific- 
ity of the bTSH binding site. In these 
experiments, the binding of 125~-labeled 
bTSH by lysozyme-EDTA treated prep- 
arations of Y. enterocolitica was as- 
sessed in the presence and absence of 
widely varying concentrations of unla- 
beled bTSH, bovine luteinizing hor- 
mone (LH), follicle-stimulating hormone 
(FSH), human chorionic gonadotropin 
(hCG), bovine serum albumin, and a 
single high concentration of porcine in- 
sulin, porcine glucagon, and synthetic 
adrenocorticotropin-(1-24) (ACTH). Bo- 
vine L H ,  bovine FSH,  and hCG proved 
capable of inhibiting the binding of '"I- 
labeled bTSH, but were far less potent 
than bTSH itself in doing so (Table 1). 
Bovine serum albumin, ACTH, insul~n,  
and glucagon were without effect at the 
high concentration tested (IO-~M). The 
relative potency of these hormones (and 
of bovine serum albumin), or lack there- 
of, in inhibiting the binding of the radio- 
active bTSH to Y ,  enterocoliticu was 
quite similar to their reported potency in 
inhib~ting the binding of bTSH to its 
receptor in thyroid membranes (12). As 
in human thyroid membranes (11), the 
percentage binding of '25~-labeled bTSH 
was greatly decreased when studies were 
conducted in medium containing 50 mM 
NaC1, rather than 10 mM tris. For  this 
reason, hormonal specificity of the 
bTSH binding site was not tested under 
the former conditions. 

The finding that the Gram-negative 
enteric pathogen Y. enterocoliticu con- 

Fig. 2. Saturable binding of 
bTSH to membranes of Y. en- tt 
terocolitica. Eighty micro- 
grams of bacterial protein 
[EDTA-lysozyme treated bac- < 
teria (9)j was incubated with 3 

approximately 10-"M "'I-la- 5 
beled bTSH and various $ 1.0 
amounts of unlabeled bTSH 5 
(Thj~tropar, Armour) in 300 pl 
of 10 mM tris-HCI, pH 7.4. 

1.2 Results are expressed as the 2.4 

amount of unlabeled TSH 
bound in each tube in relation L-L-L-LI 

0 250 500 750 1000 
to the amount that remained F r e e  b T S H  ( m u l t u b e )  
free after 60 minutes of incu- i L - J 

bation at room temperature. 0 7.5 15.0 22.5 30.0 

Bound and unbound "51-la- Free b T S H  (M x lo- ')  

beled bTSH were separated by centrifugation. Scatchard plot analysis of the data, shown in the 
inset, indicated a single binding site with a B,, ,  of 2.9 x 1W8 mole per milligram of bacterial 
protein and a K,  of 4.2 x lo--". 

1332 

Table 1. Effect of hormones and bovine serum 
albumin on the binding of '251-labeled bTSH 
to membranes of Y. enterocolitica. Various 
concentrations of bTSH (Armour), bovine 
LH (NIH), bovine FSH (NIH), hCG (Ayerst), 
and single concentrations of porcine insulin 
(Eli Lilly), porcine glucagon (Eli Lilly), 
ACTH-(1-24) (Organon), and bovine serum 
albumin (Calbiochem) were incubated with 80 
kg of bacterial protein [EDTA-lysozyme resi- 
due (9)] and with approximately 10-"M '251- 
labeled bTSH in 300 p1 of 10 mM tris-HCI, pH 
7.4. After 60 minutes of incubation at room 
temperature, bound radioactivity was deter- 
mined after centrifugation and subtraction of 
nonsaturable binding (1 U of bTSH per tube). 
Except in the case of those hormones ineffec- 
tive at the highest concentration tested, the 
results are expressed as the concentration 
needed to produce half-maximum inhibition 
of binding of '251-labeled bTSH in tubes con- 
taining only the radioactively labeled hor- 
mone (percent of total). 

Half-maximum 

Protein added inhibitory 
concentration 

( 1M) 

Bovine TSH 
Bovine LH 
Bovine FSH 
Human CG 
Porcine insulin 
Porcine glucagon 
Adrenocorticotropin-(1 
Bovine serum albumin 

4.2 x lo-" 
1.9 x 10.' 
1.5 x 10- ' 
8 x lo-" 
Inact~ve" 
Inact~ve" 

-24) Inactive" 
Inactive" 

tains a specific, saturable binding site for 
the mammalian peptide hormone TSH is 
consonant with the earlier cited evidence 
that antibodies against this organism in- 
teract with the human thyroid epithelial 
cell, and has potential ramifications in 
two areas of current interest. The first is 
the role of infection with organisms that 
bear heterophilic antigens in the genesis 
of autoimmune disease (13). Defined ex- 
amples of this relationship include the 
role of infection with P-hemolytic strep- 
tococcus in the etiology of rheumatic 
fever (14) and of Mycoplusrnu infection 
in cold agglutinin-mediated hemolytic 
disease (15). In the case of autoimmune 
thyroid disease, it has been assumed that 
lymphocytes autoreactive against thy- 
roid antigens develop as a result of ran- 
dom mutations, and that these are al- 
lowed to persist and to initiate the auto- 
immune disease because of an underly- 
ing, genetically determined, defect in 
immune surveillance (4). The present 
findings raise the possibility, however, 
that the initiating event in susceptible 
individuals is infection with an organism 
such as Y. enterocoliticu, that bears anti- 
gens cross-reactive with those in the 
thyroid gland. 

A second area of apparent relevance 
of the present observations is the grow- 
ing body of evidence that suggests that 
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certain mammalian peptide hormones re- 
flect the evolutionary conservation of 

Fourier Transform Infrared Difference Spectra of 

compounds that are present in lower 
organisms and that may subserve some 
function therein. A variety of peptide 
hormones has been identified in certain 
protozoa or fungi, and insulin and secre- 
tin have been identified in the prokaryote 
Escherichia coli (16). Seemingly analo- 
gous to our findings are those of Richert 
and Ryan (17), who identified a saturable 
binding site for the glycopeptide hor- 
mone hCG in Pseudomonas maltophilia 
and our own finding of a binding site for 
bTSH in certain strains of E. coli. The 
functional significance, if any, of the 
bTSH binding site in Y. enterocolitica is 
uncertain, as is that of the hCG binding 
site in Pseudomonas, but remains to be 
evaluated. 
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Intermediates in Rhodopsin Bleaching 

Abstract. The membrane protein rhodopsin is the primary light receptor in vision. 
Fourier transform infrared difference spectroscopy is sensitive to conformational 
changes in both the protein and the retinylidene chromophore of rhodopsin. By 
blocking rhodopsin bleaching at specgc intermediates, it is possible to elucidate 
some of the primary molecular events of vision. 

The central problem in vision research 
is understanding how light absorption by 
a single rhodopsin molecule in the photo- 
receptor membrane leads to neural exci- 
tation (1, 2). Despite extensive research 
on the primary photochemistry and mo- 
lecular mechanisms in rhodopsin, only 
limited information is available. This 
problem is typical of the difficulty of 
obtaining information about the struc- 
ture and conformational changes of 
membrane proteins involved in impor- 
tant cellular processes such as ionic 
transport. 

We report here on the application of 
Fourier transform infrared (FTIR) differ- 
ence spectroscopy to study the confor- 
mational changes that occur in the pho- 
toreceptor membrane. As demonstrated 
with purple membrane from Halobacter- 
ium halobium (3-3, alterations of indi- 

vidual groups in the bacteriorhodopsin 
molecule can be detected with this new 
method. Previous FTIR studies of the 
photoreceptor membrane have focused 
on the secondary structure of rhodopsin 
and the orientation of the rhodopsin a- 
helices (6). Kinetic infrared spectrosco- 
py has revealed time-dependent changes 
in the infrared bands of photoreceptor 
membrane on light exposure (7). This 
approach can be used to obtain the infra- 
red difference spectrum of the metarho- 
dopsin (meta) I and I1 transitions, al- 
though a new sample is required for each 
data point (7). We have found that 
changes in both the protein and the chro- 
mophore of rhodopsin at different stages 
of bleaching can be easily detected by 
FTIR difference spectroscopy. Specific 
findings include confirmation that an 
isomerization of the chromophore oc- 

Rhodopsin c bathorhodopsin 
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Fig. 1 .  Fourier transform difference spectra of photoreceptor membrane film deposited on 
AgC1, measured at 77 K while fully humidified. Photoreceptor membrane was isolated from 
bovine retinas (24) ,  and films were formed by the isopotential spin-dry method (25, 26). Films 
had an absorbance of 0.4 to 0.5 at 500 nm and appeared optically transparent. Films were 
humidified by exposing a blank AgCl window to saturated water vapor while cooling the back of 
the window with a flow of cold N, gas for 15 to 30 seconds, then immediately placing the 
window in a cell containing an identical window with the deposited photoreceptor membrane 
film and sealing the cell. The amount of water vapor present was monitored from the H,O bands 
at 3400 cm-' .  The cell was mounted on  the copper tail of a low-temperature dewar (Janis 
Research Company, Stoneham, Massachusetts) equipped with a KBR and Ge window. The 
FTIR measurements were made with a Nicolet MX-1 spectrometer at a resolution of 2 cm-I. 
Difference spectra were obtained by subtracting a reference spectrum recorded in the dark from 
a sample spectrum after 5 minutes of illumination with 500-nm light from a 600-W incandescent 
source filtered with Kodak Wratten filter 47. The reference and sample spectra were recorded 
with 300 scans (a total of 5 minutes). Four spectra from different samples were co-added to yield 
the spectrum shown. The asterisks mark peaks due to instrument-related artifacts. 
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