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Summary - Native bovine thyroglobulin has been shown by fluorescence t i t r a -  
tion and equilibrium dialysis to bind 6 moles of 1,8 anilinonaphthalene sul- 
fonate (ANS) per mole of protein at pH 7.0 in 0.1M sodium phosphate buffer. 
The average dissociation constant for this binding is 3 x lO-b M. Analysis 
of the binding data indicates signif icant cooperativity in the inter- 
action with the reaction order, J, near 2. The binding of ANS to bovine 
thyroglobulin is accompanied by a blue shi f t  in the ANS fluorescence maximum 
of near 50 nm and an increase in fluorescence yield of approximately 60 fold. 

Thyroglobulin, the iodinated glycoprotein of the thyroid gland, plays an 

essential role in the biosynthesis and storage of thyroid hormone (1,2). I t  

serves as a substrate for the iodination and subsequent coupling reactions 

catalyzed by the peroxidase associated with thyroid membranes (TPO) (3). Be- 

cause of i ts  large size (M.W. near 660,000) and complex nature, structure- 

function studies on thyroglobulin have been d i f f i cu l t .  Since thyroglobulin 

must interact with a membrane associated enzyme (TPO), we have investigated 

the possib i l i ty  that the protein might contain nonpolar regions which might 

fac i l i ta te  i ts  interaction with such membranes. 

Anilinonaphthalene sulfonate has been recognized as a polar i ty probe for 

nonpolar binding sites on a variety of proteins (4,5,6) due to i ts  environ- 

mentally sensitive fluorescence. The binding of ANS to a nonpolar site on a 

protein is normally associated with a signif icant increase in fluorescence 

quantum yield and a blue shi f t  in the fluorescence emission spectrum relat ive 

to the unbound probe in solution (5). The data presented in this report, de- 

rived from both spectrofluorometric t i t ra t ion  and equilibrium dialysis experi- 
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ments, describe a heretofore undefined st ructura l  feature of the thyroglobul in 

molecule which may be of s igni f icance to the funct ion of th is  protein.  

Materials and Methods 

Preparation of Thyroglobulin - Bovine thyroid glands were obtained at a 

local slaughter house. The thyroids were removed upon sacr i f i ce  of the ani- 

mals and kept on ice unt i l  use (within 30 min) or frozen wi th in  I0 min in the 

case of l a te r  use. The bovine thyroids were sectioned into 1-2 mm wide s l ices 

wi th a single edged razor, and extracted overnight at 4 ° in 400 ml of 0.15 M 

NaCI, pH 7.0 per 100 gm of t issue. When frozen thyroids were used they were 

p a r t i a l l y  thawed pr ior  to s l i c ing .  Al l  subsequent steps in the pu r i f i ca t i on  

were carr ied out at 4 ° unless otherwise noted. ~The extract  was then f i l t e r e d  

through several layers of cheesecloth, made 42% saturated with (NH4)2SO 4 and 

s t i r red  for  12 hours. The solut ion was then centr i fuged (12,000 x g) for  20 

min. The resu l t ing pe l l e t  was dissolved and reprec ip i ta ted between ammo- 

nium sul fate concentrations of 37% and 44% of saturat ion as previously de- 

scribed (7). The resul t ing f ina l  pe l l e t  from 44% of saturat ion in ammonium 

sul fate was resuspended in 0.1% NH4HCO 3, dialyzed against mul t ip le changes of 

the same buf fer ,  and lyophi l ized.  The p a r t i a l l y  pur i f ied  thyroglobul in was 

redissolved in 0.1% NH4HCO 3 and applied to a column of Bio Gel A-15M agarose 

(Bio Rad Laboratories, Richmond, CA) and eluted with the same buffer .  The 

f ract ions corresponding to the 19S form of thyroglobul in as judged from ana- 

l y t i ca l  u l t racent r i fuga t ion  were pooled and lyophi l ized.  Pur i f ied thyroglo- 

bul in was stored in th is  form at -20 ° un t i l  i t s  use in experiments. 

Anil inonaphthalene sulfonate was obtained from Eastman Chemicals and re- 

c rys ta l l i zed  as the free acid from petroleum ether and then three times from 

water as the magnesium sa l t .  The d i s t i l l e d  water used in a l l  cases was t rea t -  

ed with a mixed-bed ion-exchange cart r idge and an act ivated charcoal car t r idge 

pr ior  to a f ina l  r e d i s t i l l a t i o n  in an a l l  glass s t i l l .  
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Sedimentation Analysis - Sedimentation ve loc i t y  analyses were c a r r i e d  
,i ~ : ,  

out according to Schachman (8) in a Beckman Model E analy t ica l  u l t r acen t r i -  

fuge equipped with e lect ronic  speed control .  Schlieren optics were employed 

with a standard s ing le  sector aluminum centerpiece in an AN-D rotor at 48,000 

rpm. Photographic plates were read using a Nikon microcomparitor. 

Protein Measurements - Protein concentrations were determined from ab- 

~1% sorbance measurements at 280 nm assuming an ~280 of I0 for  the bovine thyro- 

globul in and by the method of Hartree (9). 

Electrophoresis - Polyacrylamide gel electrophoresis was carr ied out in 

10% acrylamide gel at pH 7.0 in 0.01M sodium phosphate according to Davis 

(I0) but without a stacking gel. Staining was with Coomassie b r i l l i a n t  blue 

in methanol:acetic acid:water (227:46:500) and destaining was with a s im i la r  

mixture of methanol, acetic acid, and water. Gels were scanned at 590 nm in 

a Gi l ford spectrophotometer equipped with a gel scanning attachment. 

Equil ibr ium Dia lys is  - Equil ibr ium d ia l ys i s  measurements were carr ied out 

in p lexig lass chambers which accommodated e i t h e r l  or 2 ml samples separated by 

6000 MW Cut-of f  d ia l ys i s  membrane. A solut ion containing a known concentra- 

t ion of protein in buffer was introduced into the chamber on one side of the 

membrane and ANS in various amounts was added to an equal volume of buffer 

alone in the chamber on the opposite side of the membrane. The chambers were 

sealed and rotated continuously at 2 rpm for  24 hours at 4 ° . Following equi l -  

ib ra t ion ,  al iquots were withdrawn from the chambers on each side of the mem- 

brane and the absorbance at 366 nm was determined. Bound dye was calculated 

from the di f ference in absorbance between the solutions on opposite sides of 

the membrane. Control experiments with only ANS added to the system confirm- 

ed that equi l ibr ium was attained wi th in th is  time period. The molar ext inc-  

t ion coe f f i c ien t  for  ANS at 366 nm was assumed to be 4.55 x 103 (11).  

Fluorescence Measurements - Fluorescence measurements were obtained i n i -  

t i a l l y  using an Amicon Bowman SPF spectrofluorometer and la te r  using a Perkin- 

Elmer MPF 44A spectrofluorometer. Exci tat ion of ANS was at 364 nm (determined 
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S e d i m e n t a t i o n  4," 
Figure 1. A Schlieren Photograph Series From A Sedimentation Velocity Run of 

Purif ied 19S Bovine Thyroglobulin - Sedimentation was from l e f t  to r ight.  Pro- 

tein concentration was 10 mg/ml in 0.I  M NH4HCO 3. Photographs were taken at a 

bar angle of 70 ° at 8 minute intervals.  Rotor speed was 48,000 rpm at a tem- 

perature of 20.0 ° . 

to be an isosbest ic  point  in the absorption spectra of  bound and f ree ANS). 

Fluorescence t i t r a t i o n s  were car r ied  out according to Seery and Anderson (11) 

i n  I cm pathlength cuvettes fo r  so lu t ions of  absorbance less than 0.3 and in 

2 mm pathlength cuvettes fo r  so lut ions of higher absorbance. Quinine su l f a te  

t i t r a t e d  in to  0 .1M H2SO 4 was used as a quantum y i e l d  reference. Data were 

t reated according to Weber and Young (12), wi th  the f r ac t i on  of  the ANS bound 

being ca lcu la ted from the r a t i o  of  measured f luorescence to the maximum f l uo -  

rescence ( tha t  f luorescence produced by an iden t i ca l  concentrat ion of ANS 

when t o t a l l y  bound to t hy rog lobu l i n ) .  

Results 

The bovine thy rog lobu l in  used in t h i s  study was shown to cons is t  of  a 

s ing le  major peak in ana l y t i ca l  u l t r a c e n t r i f u g a t i o n  wi th a sedimentation co- 

e f f i c i e n t ,  S~o,w, of 18.7 S. The major, 19S, component represented over 90% 

of the mater ia l  w i th  the remainder of  the ma te r i a l ,  less than 10%, seen in 

the form of  12S and 27S species normal ly found in thy rog lobu l in  preparat ions 

(Figure 1). These minor species have been shown to consis t  of thy rog lobu l in  

which is  p a r t i a l l y  d issociated to ½ molecules (12S) or associated to a dimer 
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Figure 2. ANS Fluorescence Emission Spectra in the Present and Absence of 

Thyroglobulin - Samples contained 1.4 x 10 -5 M ANS in 0.1M sodium phosphate 

buffer,  pH 7.0. The dashed l ine represents the spectrum obtained in the ab- 

sence of thyroglobul in and the sol id l ine represents the spectrum obtained in 

the presence of thyroglobul in (20 mg/ml). Exci tat ion was at 364 nm. Both 

exci tat ion and emission monochromator s l i t s  were set at 10 nm band pass. 

Figure 3. T i t ra t ion  Data for the ANS-Bovine Thyroglobulin Interact ion - A 

plot according to Bjerrum (14). The sol id c i rc les represent data derived from 

fluorescence polar izat ion.  The open circ les represent data derived from equi l -  

ibrium d ia lys is  experiments. The theoret ical curves represent binding behavior 

with H i l l  coef f ic ients (J) of i ,  2, and 4. 

(27S) (13). Polyacrylamide gel e lec t rophores is  o f  the p u r i f i e d  t h y r o g l o b u l i n  

revealed a pa t te rn  i d e n t i c a l  w i t h  known standard of  bovine t h y r o g l o b u l i n  (15). 

Add i t i on  o f  bovine t h y r o g l o b u l i n  to a so l u t i on  of  ANS in 0 . 1 M  sodium 

phosphate bu f f e r  at pH 7.0 resu l ted  in a 60 - fo ld  increase in  the observed 

f luorescence i n t e n s i t y  and a blue s h i f t  in  the emission maximum of  approx i -  

mately 50 nm (Figure 2). 

This i n t e r a c t i o n  between bovine t h y r o g l o b u l i n  and ANS was f u r t h e r  charac- 

t e r i zed  in  f luorescence t i t r a t i o n  experiments. The data are summarized in  

the form of  a Bjerrum p l o t  (14) in Figure 3). These data i nd i ca te  an average 

K D o f  3.0 x 10 -5 M w i th  an apparent s to ich iomet ry  o f  6 ANS molecules bound 
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Figure 4. A Hil l  Plot of ANS Bindin 0 to Bovine Thyroglobulin - Data were taken 

from fluorescence t i t rat ion (see Figure 3) N, the maximum number of binding 

sites, was taken as 6 (based on Scatchard analyses). 

per thyroglobul in molecule (Figure 3) and some degree of cooperat iv i ty  (since 

the binding occurs over a range of free ligand concentration less than that 

expected for independent s i tes) .  In order to confirm th is  binding, a series 

of equi l ibr ium d ia lys is  experiments were carr ied out. The resu l ts ,  also 

shown in Figure 3 (open c i r c l es ) ,  were in close agreement with the f luores-  

cence t i t r a t i o n  data. A H i l l  p lot  of the binding data is Shown in Figure 4. 

The H i l l  coe f f i c i en t  calculated from Figure 4was 2.1, ind icat ing moderate 

cooperat iv i ty  between the ANS binding s i tes on the bovine thyroglobul in (15). 

Discussion 

Bovine thyroglobul in contains discrete b inding.s i tes for  the f luorescent 

probe 1,8-anil inonaphthalene sulfonate. Six ANS molecules are bound per mole- 

cule of the protein at pH 7.0 in 0 .1M phosphate buf fer  with a moderate a f f i -  

n i ty  (K D = 3 x 10 -5 M). The spectra sh i f t  and increased quantum y ie ld  of the 

fluorescence associated with the binding of ANS to thyroglobul in suggest non- 

polar character at the ANS binding s i tes (16,17), although i t  is not possible 

to completely rule out the poss i b i l i t y  of binding at a r e l a t i v e l y  polar s i te  

or s i tes where solvent o r ien ta t ion ,  such as that recent ly described by Johnson 

et al .  (18), occurs. 
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The positive cooperativity observed in this binding phenomenon suggests 

that the ANS binding sites are either in close proximity to one another or 

that they are conformationally linked. While the significance of the ANS 

binding sites in thyroglobulin must be further defined, the sites represent 

reference points which may aid in the definit ion of structure and function of 

this complex iodinated glycoprotein. Since thyroid peroxidase, which catalyzes 

both the iodination and coupling reactions necessary to produce thyroid hor- 

mone, is a membrane associated enzyme, i t  is tempting to speculate that non- 

polar sites or domains may play a role in thyroglobulin-thyroid peroxidase 

interaction. 

The effects of ANS on the state of association of the polypeptides of 

thyroglobulin as well as i ts  effect, i f  any, on the in v i t ro iodination and 

coupling reactions and hormonogenesis are under current investigation. 
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