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Studies on the purification of thyrotropin 

Prepara t ions  of thyroid-s t imula t ing  hormone  wi th  an act ivi ty of 5 U.S.P. un i t s /mg have been 
obtained by  the use of cat ion-exchange ch roma tog raphy  1,2. CONDLIFI~ E AND BATES have followed 
cat ion-exchange ch romatography  with  ch roma tography  on an anion-exchange column of diethyl- 
aminoethylcellulose (DEAE-cellulose) which has  resulted in prepara t ion  of material  of 15-2o 
U.S.P. uni t s ]mg 3. Use of the exchangers  in reverse order has yielded similar results 4. In  this 
labora tory  the  use of an extract ion based on countercurrent -d is t r ibut ion  studies has allowed 
the  separat ion of a pepsin inhibi tor  f rom the thyro t ropic  hormoneS, ~. I t  was no tewor thy  tha t  
during the  extract ion procedure the major  por t ion of the thyro t ropic  act ivi ty was found to 
be concentra ted at  the in terphase  in a layer of insoluble material  which had not  lost specific 
activity.  

I t  has now been found tha t  wi th  the extract ion procedure one.can concentrate  thyro t ropic  
act ivi ty to a stage of 5 units/nag wi thout  the necessity of chromatography ,  thus  making possible 
the  ready prepara t ion  of such material  in g ram quant i t ies  by  batch procedures.  When  the ex- 
t rac t ion  is followed by the  anion-exchange ch roma tography  of CONDLIFFE AND BATES 3, material  
of 2o U.S.P. uni ts / rag can be readily obtained. Rechromatography  of this material  yields a fraction 
which assays 4 ° U.S.P. units/ ing.  Fu r t he r  evidence of purification by  these steps has been obtained 
by  the use of starch-gel electrophoresisL 

The method of prepara t ion  has been carried out  as follows. The thyrot ropic  activity from 
2 kg of frozen beef-anterior  pi tui taries was  concentra ted  to the stage previously used as s tar t ing 
mater ia l  for ch roma tog raphy  (0.8 uni ts /mg,  4-5 g yield). This material  was shaken in a separa tory  
funnel wi th  n-butanol  - o.o 5 M p-toluenesulfonic acid exact ly as described for removal  of the  
pepsin inhibi tor  5. I65 inl of each phase were used per  g of material .  I-  or 2-g quant i t ies  were 
extracted wi th  a yield of ioo mg of 5 units /rag mater ia l  f rom each g. 200-300 mg batches of the 
5 un i t s /mg material  were chromatographed  on columns of DEAE-cellulose (1.9 × 20 cm) using 
0.005 M glycine buffer, p H  9.5, and gradient  elution ~. Results  similar to those of CONDLIFFE 
AND BATES were obtained except  tha t  little or no protein  emerged beginning wi th  the  solvent 
front. After 300-40o ml of the  s ta r t ing  buffer had passed th rough  the column, a gradient  to o. I M 
glycine was  applied over 250 ml, followed by  250 ml  of o.i M glycine, p H  9.5. Inact ive material  
emerged first (with two or more components  indicated), followed by the active fraction which ap- 
peared as a broad peak part ial ly overlapping the peak representing inactive material .  After dialysis 
and freeze-drying, 20-25 mg of material  assaying approximate ly  2o U.S.P. uni ts / rag were obtained 
f rom 200 mg of 5 un i t /mg  material .  Fu r t he r  elution wi th  I.O M NaH2PO 4 yielded a small amoun t  
of material  which assayed 5-1o U.S.P. uni ts /mg.  Fig. 1 shows typical  resul ts  of r echromatography  
of 20 un i t s /mg material  under  the same conditions. Following dialysis and freeze-drying, material  
indicated as fraction i assayed 5-1o U.S.P. units/rag, fraction 2 about  3 ° U.S.P. un i t s /mg and 
fraction 3 about  4 ° uni ts /mg.  The overall yield of fraction 3 f rom i kg of pi tui taries was 5 6 mg. 
When  examined by  starch-gel electrophoresis 7, the 5 unit]rag material  was  shown to contain at  
least six components ,  a result  in marked cont ras t  to t ha t  found wi th  moving-boundary  electro- 
phoresis  5 and paper  electrophoresis. Fig. I also shows the results  with the starch-gel method of 
the  20 un i t s /mg material  and of fractions t and 3 obtained by  rechromatography .  In  the case 
of the 4 ° un i t s /mg material  (fraction 3) one of the two principal bands  seen in the 20 uni ts / rag 
mater ia l  has disappeared and one principal band remains,  which, however,  on close examinat ion 
appears  to consist  of two components .  

Biological act ivi ty was recovered ~ from the areas indicated by  " a "  in Fig. i and from an 
area comparable  to " a "  after  electrophoresis of 2o units /rag material  at  p H  8.6 (borate buffer, 
ionic s t rength  (/ '/2), o.o12). Exper iments  were carried out  in which the two components  indicated 
to be in fractioh 3 were bioassayed separately.  Wi th in  the exper imenta l  error  of the  resolution 
and removal  of the two bands  in the  s tarch gel, both  components  appeared to be active. The 
band nearer the origin yielded 3-4 t imes more act ivi ty  than  the other  (about  4o-5 ° % of the 
total  activity applied to the gel was recovered). In  contrast ,  electrophoresis of the middle fraction 
(fraction 2) showed only one band in the area comparable  to "a" .  This band was also shown 
to contain about  4 ° % of the total  units  placed in the  gel. The mobil i ty of this active band, 
however,  appeared to be greater  t han  tha t  of the two active bands  of fraction 3. I t  is not  yet 
possible to determine whether  the differences in mobil i ty between fractions 2 and 3 and the 
two closely related active bands  from fraction 3 represent  slightly different or slightly degraded 
forms of thy ro t rop in  or whether  the active principle is still bound to several closely related 
proteins.  

The method of bioassay used was the measurement  of ~zP uptake  into the thyroids  of chicksS; 
o /  o.I /o bovine plasula a lbumin  was used in making dilutions for bioassay 9. Within the limits of 

accuracy of the assay method,  material  which originally assayed 4 ° uni ts /rag lost approxinlately 
half of its potency when stored as a solid in the cold for 4 weeks. Frac t ion  3 also gave the expected 
s t imulat ion of the uptake  of laH in chick thyroids  1°. Samples of fractions ~, 2 and 3, when assayed 
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on the  basis of the weight  response of beef- thyroid slices 11, had potencies of approx imate ly  5, 
4 ° and 5 ° units/rag, respectively*. 
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Fig. I. Bot tom:  Rechromatography of 80 mg of a t h ~ o t r o p i n  preparation (20 U.S.P. units/rag) 
on DEAE-cel lulose (1.9 × 20 cm); 5 ml effluent collected per  tube  at 3 % Effluent curves were 
determined as previously  described 1. Yield of fraction I, 20 rag; fraction 2, 27 mg;  fraction 3, 
15 mg. Top:  Starch-gel electrophoresis of thyro t rop in  prepara t ions  in acetate  buffer, p H  5.o. 
11/2 o.o12. Gels 2.5 cm wide, o.5 cm deep. Above - 0.75 nag of s ta r t ing  material  for rechromatog-  
raphy,  2o U.S.P. uni ts / rag;  left - 0.75 mg  of fraction I, 5-1o U.S.P. un i t s /mg;  r ight  - o.75 mg 
of fraction 3, 4 ° U.S.P. uni ts /mg.  Cons tan t  cur rent  of I I mA, wi th  approximate ly  260 V across 

the  gel, was  applied for 3-4 h. 
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