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S U M M A R Y  

Chromatographic  studies of the behavior  of TSH on DEAE-C and on CM-C have  shown 
tha t  crude TSH can be purified approx imate ly  2o to 4o t imes with recovery of 3o t o  
5o% of tile s ta r t ing  act iv i ty .  The potency  of the  most  act ive fract ions is 2o to  5o 
U.S.P. units::mg. LH can be separa ted  from TSH by  ch romatography  on DEAE-C 
at pH 9.5. The TSH is reta,=ed on the column while the L H  passes through unadsorbed.  

I NTRODUCTION 

Ear ly  a t t empts  to puri fy  p i tu i t a ry  thyro t roph in  resulted in the preparat ion of  
fractions which were about  roD t imes more potent  than  the  bovine anter ior  p i t u i t m y  

A b b r e v i a t i o n s :  T S H ,  t h y r o i d - s t i m u l a t i n g  h o r m o n e ;  LI-[. l u t e i n i z i n g  h o r m o n e :  D F A E - C ,  
d i e t h y t  amine,  e t h y l  ce l lu lose ;  C.M-C, ca rb r>xymethy lce l lu lose .  

J~.'/ere~zces p. ,138. 
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powder  used as s ta r t ing  mater ia l  1,~. Subsequently,  S'IEELMAN showed t h a t  thyro id-  
s t imula t ing  hormone (TSH) behaved as a basic protein when it  was purified by an  
electrical t ranspor t  method  "~. Fol!owing the demonst ra t ion  by HEIDEMANN tha t  bovine 
TSH could be adsorbed on the weak cat ion exchanger IRC-5o ~, several groups of 
invest igators  employed this resin to prepare fractious having potencies of 2 to 5 U.S.P. 
units/mgS-L 

CM-C has been used to prepare fractions which have potencies of 5 to zo units/rag ~. 
When  examined by  paper  electrophoresis and in the ultracentrifuge,  these preparat ions 

.appeared to be homogeneous*. The sedimentat ion cons tant  of these preparations is 
2-5 S, which is close to the  value reported by PZERCE AND NYC for similar materiald.L 
Despite the apparent  homogenei ty  of this 5 to Io unit.~/mg material,  column chro- 
m a t o g r a p h y  on DEAE-C showed tha t  it contains several components  and t h a t  T.%H 
ac t iv i ty  was associated wi th  no more t h a n  3o% of the protein placed'oil  the  column ~. 

We wish to repgrt  here exper iments  in which TSH having a potency of 2o to 50 
traits]rag was prepared by  solvent ext rac t ion  according to the procedure of B~XTI~S 9, 
followed by  chromatography  on CM-C and DEAE-C. In the course of chromatography 
on DW.AE-C, it is possible to  separate  TS t t  from LH, which is the most ~omm~n 
biologically active con taminan t  of TSH. 

M.ATERIALS AND METHODS 
Pituitary powder 

The s ta r t ing  mater ia l  for these experiments consisted of powders of deMccated 
anter ior  lobes of bovine pituitaries.  One batch was an acetone dried powder 
No. z28,3oo" conta ining o. o3 U. S.P. unit  of TSt-I/mg. A second batch  was a lyophilized 
powder which conta ined  o.o5 to o.I  units/rag. The TSH fractions isolated from each 
batch  did not  differ in their  chromatographic  properties. 

Pre~araiion o[ crud~ TSH 
The ear ly  par t  of this work was carried out  wi th  a fraction prepared from bovine 

anter ior  p i tu i t a ry  powder  by  the  method  of ClERESZKO 2. This fraction usual ly has a 
potency  of about  I unit/rag. I t  contains  no prolaetin or growth  hormone and  less t han  
o.x U.S.P. uni t  of cort icotrophic act ivi ty/rag.  La te r  in these studies, par t ia l ly  purified 
TSH fractions having  a po tency  of i to z uni ts / rag were prepared by the percolation 
procedure of BATES D and  were used as the s tar t ing  material  for chromatographic  
studies.  

Bioassays 
Thyroid-s t imula t ing  ac t iv i ty  was de termined by depletion of ZZZl in the baby  

chick, according to the  procedure of BAT~;$ AND CORNFIELD x°. All potencies are 
expressed in terms of U.S.P. uni ts  of TSH,  Luteinizing hormone was es t imated in 
laying hens by  the  procedure of FRAPS "°. Luteinizing hormone ac t iv i ty  is expressed 
as  the  amoun t  of protein in t~g which wilt produce ovulat ion in 50% of the hens 
tes ted  (OD~o), The relative po tency  of various preparat ions is given in Table I I !  a.~ 
zoo t imes the reciprocal of ODs0. 

* This material was obtained through the courtesy of the Endocrine Study Section, Nation~l 
lnstittttes of HeaLth, Bethesd~, Md. 

** t~. i-%T~ FRAPS ,  unpublished d a t a .  

Re~,re*~ces #. 438. 
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Cl~¢~iaal amdyses 

P r o t e i n  c o n c e n t r a t i o n  was  e s t i m a t e d  e i t h e r  b y  the  a b s o r p t i o n  a t  276 m / ,  or  b y  
t he  modi f i ed  b i u r e t - F o l i n  r e a c t i o n  desc r ibed  b y  LowlzY et al. ll. 

Prep,.,.ration a~d epcralio~ o/col~o,ns 

CM-C wa~'~ p r e p a r e d  f rom W h a t m a n  p o w d e r e d  cel lulose b y  t h e  p r o c e d u r e  of  
PETI~I~SOY AND SOBER in. D i f f e ren t  ba t ches ,  which  c o n t a i n e d  o. 7 to  o. 9 m e q u i v ,  of 
c a r b o x y l  g r oups /g  of  CM-C, all  b e h a v e d  in the  same m a n n e r  d u r i n g  c h r o m a t o g r a p h y  
of T S H .  D E A E - C  was  e i t h e r  l ' r e p a r e d  f rom Solka  F loc  B\V-zoo* b y  t h e  p r o c e d u r e  of 
~-~ETERSON AND SOBE1I II or  %v~ o b t a i n e d  t h r o u g h  c o m m e r c i a l  c h a n n e l s * ' .  T S H  
b e h a v e d  in t he  s ame  w a y  on all lots  of  D E A E - C  used  in these  e x p e r i m e n t s .  

B a t c h e s  of D E A E - C  a n d  CM-C were  p r e p a r e d  for  c o l u m n s  b y  wash ing  w i t h  a 
s, f lu t iou  which  was  0. 5 N N a O H  a n d  o. 5 N NaC1, fo l lowed b y  a t h o r o u g h  w ash in g  
wi th  w a t e r  un t i l  t i le p H  was a b o u t  6 a n d  t h e  a b s o r b a n c e  of the  w ash  w a t e r  was  less 
t h a n  o.o20 a t  276 mr*. T h e  b a t c h  was t h e n  s u s p e n d e d  in t h e  a p p r o p r i a t e  buf fer  a n d  
s t i r r e d  at  r o o m  t e m p e r a t u r e  for  I h. T h e  cel lulose was a l l owed  to  se t t l e  for  a ha l f  h o u r  
a n d  the  sut~,etamtant so lu t ion  was d e c a n t e d .  I t  was t h e n  r e s u s p e n d e d  in buf fe r  a n d  
aga in  s t i r r e d  s lowly  to  f ree  the  suspens ion  of title bubb les  wh ich  t e n d  to  s low the  f low 
ra te .  The  suspens ion  was  t h e n  p o u r e d  in to  a c o l u m n  of  t h e  t y p e  e m p l o y e d  b y  STEIN 
.xxl~ .XIOOr~:. for  s t a r ch  c h r o m a t o g r a p h y  ~a. E a c h  p o r t i o n  s e t t l e d  u n d e r  g r a v i t y  a n d  t h e  
l iquid  star~dirlg a b o v e  t he  c o l u m n  wa,s a l lowed  to  r u n  d o w n  to  the  t o p  of t h e  cellulose.  
A d d i t i o n a l  p o r t i o n s  of cel lulose suspens ion  were  a d d e d  un t i l  t h e  des i r ed  h e i g h t  w as  
r eached .  D ime ns ions  of  t he  c o l u m n s  used  a re  i n d i c a t e d  in t h e  t ab les  a n d  f igures .  T h e  
s e t t l e d  c o l u m n  was washed  wi th  the  in i t ia l  buf fe r  u n t i l  t h e  p H  of  t h e  in f luen t  a n d  
ef f luent  were  the  same .  

\Veighed samp]es  were  u sua l l y  d i sso lved  in a smal l  v o l u m e  of buffer  which  wa~ 
t h e n  e q u i l i b r a t e d  aga ins t  the  in i t ia l  buf fe r  b y  d ia lys is  a t  a °. S a m p l e s  which  were  
r e c h r o m a t o g r a p h e d  w i t h o u t  i n t e r v e n i n g  l yoph i l i z a t i on ,  were  c o n c e n t r a t e d  to  t h e  
des i red  votun:  - b y  flash e v a p o r a t i o n  a t  less t h a n  r e  ~ a n d  t h e n  e q u i l i b r a t e d  a t  2 ~. 

G r a d i e n t s  were  app l i ed  as i n d i c a t e d  in the  f igures  b y  R o m a n  n u m e r a l s .  U s u a l l y  a 
mix ing  dev ice  was  used  wh ich  was  s imi lar  to  t h a t  sugges t ed  b y  Al..~l at al. :'~. I n  so m e  
e x p e r i m e n t s  l inear  g r a d i e n t s  were  o b t a i n e d  b y  use  of a d ev i ce  l ike t h a t  of  PARIt 1~. 

I~t~SULTS 

Expcrimcnts a'ith d.iethylaminoelhyl cellulose 

P r e l i m i n a r y  e x p e r i m e n t s  were  ca r r i ed  o u t  us ing  t h e  co n d i t i o n s  e m p l o y e d  b y  
S<)l,l.:l~ et al. x6 for  the  a n i o n  e x c h a n g e  c h r o m a t o g r a p h y  of  p l a s m a  pro te ins ,  A t  p H  7.0 
in o .oo5 M sod ium p h o s p h a t e  buffer ,  T S H  was n o t  c o m p l e t e l y  r e t a i n e d  on  the  e a l u m n  
a n d  iod ine -dep le t ing  a c t i v i t y  was  f o u n d  in m o s t  of the  f r ac t i ons  t h a t  were  e lu t ed .  
S imi la r  resu l t s  were  o b t a i n e d  w h e n  o .o i  M t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  buf fe r  
was  used  o v e r  a p H  range  of  7-5 to  8.5, R e t e n t i o n  of t h e  h o r m o n e  was  f inaUy a c h i e v e d  
on  I ) E A E - C  c o l u m n s  a t  p H  9.5 in s o d i u m  g l y c i n a t e  buf fer  h a v i n g  an  ionic s t r e n g t h  
of o.oaS, a~ s h o w n  in Fig.  I.  

• [ ) l l r c l l a ~ e d  frozia ]i~rowzi C o . ,  ]{erlin, New Itampshire. 
" " Purchased from l-_'astinan b:odak, Rochester, New York. 

J~elerences p. 438. 
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Fig. i. Column chromatography of TSH on I)EAI.I-(7. 
Column size 0.9 >7 t5 cm, t empera ture  2", f r a c t i o n  s i z e  
3 ml. O, u.v ab~orp t io~a t  a76 mt~: A , T S H  act iv i ty  
in U.S.P. uniL%irnl <if ,Jtttttent. Fract ions l-}<lole(t ;is 
indicated by  brackets,  a, io m g T S H  (5 Ir.S.P. units/  
rag); solvents i, pH 0.5, F]2 ~ o.00,5, sodium glyci- 
hate ;  II, stepwise change to pH o.5, I', 2 ~ o.[o, 
sodium glycinate:  I I I ,  step,vise change to t~.2o 3f 
Nal-io_PO., (Expt. {}-2 3, Table [11. b. 14o ntg TSt l  
(4 U.S.P. unitstmg) : solvents I, pt I ~t.5, I ' i2 -= o.,mS. 
sodium glyeinate;  1 l , g r ad i en t  to pFl ~-5. 1"/2 - -  o _ l o  

sodium g tyc i r a t - ;  I I I ,  stepwise cll ; t l lgO t o  o_2u .1t 
Nallol 'O4 (l ixpt .  6-m, "l'atfle I1). 

o. [o " . . . . . .  B c . . . . . . . .  
~- A ' 2 -  , . . . .  x 

0 50 150 200 ~ 250 "o 

? . . . . . .  e L - :  

o . & ~ % '  4 : iN .  ~1{ Z:4 :~ 

0 50 I00 i50 200 250 3(}0 4 0 0 4 5 0 -  
EFI:'LUENT VOLUME - ML 

Fig .  I i l l u s t r a t e s  a p a i r  of  e x p e r i m e n t s  i n  w h i c h  t im c o n d i t i o n s  of  a d s o r p t i o n  wore  
t h e  s a m e  b u t  t h e  m a n n e r  of  e l u t i o n  was  d i f f e r e n t .  F ig .  , a  ( E x p t .  6-25,  T a b l e  l I )  s h o w s  

t h a t  w h e n  e l u t i o n  w a s  c a r r i e d  o u t  b y  t h e  s t e p w i s e  c h a n g e  of s o l v e n t s  i n d i c a t e d ,  t h e  

T S H ,  h a v i n g  a p o t e n c y  of 5 u n i t s : r a g ,  c a n  be  r e s o l v e d  i i l to  t h e  3 c o m p o n e n t s  l a b e U e d  
A,  B,  a n d  C i n  t h e  f igure .  P e a k  P,, w h i c h  w a s  e l u t e d  b y  r a i s i n g  t h e  i o n i c  s t r e n g t h  t o  o .z ,  
c o n t a i n e d  8 0 %  of  t h e  T S H  a n d  i t  was  e s t i m a t e d  t h a t  t h e  h i g h e s t  p o t e n c y  a t  i S z  
e f f l u e n t  m l ,  w a s  a b o u t  2o u n i t s / r a g .  %Vhen g r a d i e n t  e l u t i o n  w a s  c a r r i e d  o u t ,  a s  s h o w n  

in  F ig .  I b ,  p e a k  B w a s  p a r t l y  r e s o l v e d  i n t o  t w o  c o m p o n e n t s .  T h e  h i g h e s t  p t e n c y  a t  

207  e f f l uen t  m l  was  a g a i n  e s t i m a t e d  to  b~ a b o u t  2o u n i t s ] r a g .  W h e n  t h e  p e a k s  were  
p o o l e d  a n d  r e c o v e r e d  b y  d i a l y s i s  a n d  l y o p h i l i z a t i o n ,  F r a c t i o n  B2 (Tab le  I I ,  E y p t .  6-61) 
w a s  f o u n d  to  h a v e  a p o t e n c y  of I 5  u n i t s ' m g  or  o v e r  t h r e e  t i m e s  t h e  p e t e : m y  of t h e  
s t a r t i n g  m a t e r i a l .  

T a b l e  I s t u n m a r i z e s  t h e  re=.ults or" e x p e r i m e n t . ;  in  wtf iek  c r u d e  f r a c t i o n s ,  m o s t  of  

w h i c h  h a d  p o t e n c i e s  of a b o u t  i u n i t / ' m g ,  w e r e  u s e d  as t h e  s t a r t i n g  m a t e r i a l .  I n  m o s t  

T_\  H IA ' I  I 

R E C ( i % ' I - I R % "  C ) t :  T.Ht I Fl~o.%i ( . ' R E ' I l l , ;  F R  %L" r l c } N s  llS~" U I I R t l . M  X T ( I f i R : \ I , } i  . , ; X  1}12.% I'2-{ 

1 '2 t 'p t ' r i l i l , ' l l t  .'%'¢t. { ' J ' l t ~ l l l  s t : t '  - -  . . . .  N / a r t i ' l t q "  m o & ' r t ,  rt  " L ' , H  t~slt ,  l /  

I l l l d  d t l t  I'~Jn ~ ¥ l l £ t l t l l l  eJ l l  t l>r l ;dTl f  ~." 'I I I,[(4Z "~f-.'~xrl af~.It'CJII'V ,I.t tk l ' l f t7 i r ,Jl*lfl" ~ - . % f l  
[ . ' .~ ' t  } It ~tla' t r ".41 i t  l l i N . ' 7  4 " W [  i I I  I} lq" £ " q P  #¢ilit< 

6 - ~ 3 , { )  ~ 0 . ( 1 "  I 0  I . Z |~<'-;t'~ I o 4 0 o  

6-9313t * i .e .  25 i. i 7,5{,} z.~} sso 

7-3131 * 3 - 4 "  l ]  l .  [ 7 , 7 0 0  [ ,,5 I , 3 0  

B2 .5.(> 1 ,.5,)o 

7 "12I * 3-'I" 15 I .o 3,0oo .i.I} -',3¢}/I 

8 - I 3 " "  3 .4"  13 { i + 4  1 . I | > o  .1.<~ 1 ,O7O 

8-33" 3.4" 13 I .u 5,(Jli{} 3 ~' ~',4 ° °  

g " t 3 "  i o -  ! 2 o . S d  3 , 2 t i e  t}.tl iJ, OOO 

8 - [ O l  1 ] 2 " *  t o *  i 2 i .  i I 2 ,o t }o  t<;. ( ,  2,¢~{}o 
113 2.o 4,t>on 
114 l .,> ! ,3oo 

* Star t ing  material  prepare([ by acetone i r a c t l ~ l l a t t o r , .  
** Star t ing  material  prepared by pt.rcolathm. 
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5! ~ = AI A2 ~,B L B2 B3., CI C2 
a ~  A 

0 0.25 0..5 0.75 1,0 : 1.25 1.50 t,150 

3~ib B, BZ B~ c / 90 
4 0  

t i~  1t , 2 0  

0 0.25 0.5 0.75 1.0 1.25 L50 1.75 
EFFLL|ENT VOLUME - LITER$ 

F i g .  2. C o l u m n  c h r o m a t o g r a p h y  o f  TSI - t  
o n  D E A E - C ,  C o l u m n  s i z e  z .9  × z5  c m ,  
t e m p e r a t u r e  2 e, f r a c t i o n  s i z e  5 m l .  S o l i d  
l i ne ,  u . v .  a b s o r p t i o n  o I  t h e  e f f l u e n t  a t  
z 7 6  m i ¢ ;  A T S H  a c t i v i t y  i n  U , S , P ,  
n n i t s / m l  o f  e f f l u e n t .  G r a d i e n t  e l u t i o n  
~ c c o r d i n g  t o  PARR lli. F r a c t i o n s  p o o l e d  
a s  i n d i c a t e d  b y  b r a c k e t s .  S o l v e n t s :  I ,  
p H  9 . 5 , / ' / 2  ~ o , o o 6 ,  s o d i u m  g l y c i n ~ t e ;  
II, L i n e a r  g r a d i e n t  t o  p H  9 .5 .  / / 2  ---- 
o . i o ,  s o d i u m  g l y c i n ~ t e ;  I i I ,  L i n e a r  
g r a d i e n t  t o  p H  9.,5, F / 2  = 0 . 2 0 ,  s o d i u m  
g l y c i n a t e :  I V ,  S t e p w i s e  c h a n g e  ~o 
o . 2 o 2 1 l  I ~ a H ~ P O  4. a .  6 ,8  g T S H  ( I , r  
U . S . P ,  u n i t s / r a g )  a p p l i e d  t o  t h e c o l u m a  
i n  z o o  m l  o f  t h e  i n i t i a l  b u f f e r .  ( E x p t .  
0 -95 ,  T a b l e  I.} b .  R e e h r o m a t f J g r a m  o f  

f r a c t i o n  6 - O 5 B a  (55 ° r ag ,  6 , 9  u n i t s l m g ) .  T h e  T S H  w a s  a p p l i e d  t o  t h e  c o l u m n  i n  b3  m /  o i  t h e  
i n i t i a l  b u f f e r .  ( E x p t .  6=xo7,  T a b l e  II.) 

exper iments  abou t  50% of the  T S H  ac t i v i t y  was recovered  in fractions such as 
6-95B2 (Fig. ~a) in which there  was  a t  least  a 5-fold increase in potency.  Most  of the  
remaining ac t iv i ty  could be accoun ted  for in ad jacen t  fract ions of lower po tency .  

Table  I I  summarizes  the  experience wi th  r eeh roma tog raphy  on D E A E - C  of 
fractions previously  purified b y  ch roma tog raphy  on CM-C or DEAE-C.  The  experi-  

T A B L E  1I 

CHRO.MATOGRAI='HY OF PARTIALL%-" P1JRIFIEI~ T S H  o~; D E A E - C  

Start i . g  inaterial T..qH elt,tl ed 
Erpt ,  No. ( '¢JO*mn size Y~¢ld 
tract ' ) o n  Pote~wy To/a! Y','-:N l)otelacv al pear  Tectal T S H  % 
• f'.'~P u "nLt" I~.'SP U~|l'tS U S P  ~ otg U S P  nnit~ 

Puri/icalion 

6 - 2 5 B * ,  °*  o.,~- t o  5 . 0  48 8 35 73 r . 6  ~< 
C 4 9 1 9  - -  

6 - 4 7 B z  *" 0 .9"  ~o 3 5 175 2 .5  31 I 8  
B2  a 4 85  5 0  3 .7  × 

6-0L 13x ""  o,c~- 15 4 .0  5 6 0  ~ 22 4 
B e  ~5 5 t o  9 t  3 , 75  x 

6- i  o 7 R a  " * * 1.9" 25 6 ,q  3 , 8 0 0  4 .9  1 .3oo  34  - -  
1{2 l o . o  2 . 1 o o  55  1 '3  
B 3  3 .2  3 1 o  8 

~-87]~1 § [ -9" I 5 [O.t) 3 , 9 0 0  9 465  12 - -  
B2  2 I §~§ T.850 47 2 x 
I33 13§§§ 45.5 zz - -  

8~145B§  o . 9 " 8  21 200  40§§ ~8o  9 0  2 × 

* S t e p w i s e  e l u t i o n .  
"*  S t a r t i n g  m a t e r i a l  p r e p a r e d  b y  a c e t o n e  f r a c t i o n a t i o n  a n d  C M - C  c k r o m a t o g r a p h y .  

. . . .  S t a r t i n g  m a t e r i a l  p r e p a r t ~ d  l )y  a c e t o n e  f r a c t i o n a t i o n  a n d  1 ) E A E - C  c h r o m a t o g r a p h y .  
§ S t a r t i n g  m a t e r i a l  p r e p a r e d  b y  a c e t o n e  f r a e t i o n a t i o n  a n d  c h r o m a t o g r a p h y  o n  D E A E - C  a n d  

C M - C .  
§§ P o t e n c y  e s t i m a t e d  h y  a s s a y  o f  p o o l e d  p e a k  a n d  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  t h e  

p r o t e i n  c o n c e n t r a t i o n .  
§§~ M i n i m u m  v a l u e  f o r  t h e  p o t e n c y .  H i g h e r  " a l u e s  w e r e  a l s o  o b t a i n e d  d e p e n d i n g  o n  t h e  d o s e  

i n j e c t e d  i n t o  t h e  c h i c k s .  

Re[ ,e~enc~ . s  p .  4 3 8 .  
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ment  designated 6-Io 7 shows the distr ibtt t ioa of TSH when fraction 6-95Ba (Table I) 
was rechromatographed on DEAE-C under  the same condition.,;. This e×periment is 
i l lustrated in Fig. ~b to show t h a t  the position of the TSt t  ac t iv i ty  is the same in the 
original and  in the rechromatogram.  The fractions recovered in experiment 6-~o7 were 
subsequent ly  placed on CM-C columns (Expts.  7-37 and 7-63 in Table IV and Fig. 3), 
with results which are descrilS"ed later in this paper. There appears to be more than  
one component  which possesses TSH acti : ' i ty.  However, it must  be remembered tha t  
individual  values of the TSH concentratiort  may  be in error by approx. 3o%, which 
could account  for some of the irregularities in the TSH act ivi ty  curves of the effluent 
in these and  in other  experiments.  

Separation o / I ' S H  and L H  on DEAE-C 

Crude TSH prepared by acetone fraet ionation contains co~tsiderabte amounts  of 
L H  as well as TSH.  Frac.tionation on CM-C columns fails to effect a complete 
separa t ion of the two hormones.  For  example, preparat ion 5-47 (Table I I I ) ,  which was 
prepared from 1-95F by ch romatography  on CM-C, had  about  the same LH pothncy 
as 1-95 F, a l though  the rat io of TSH to L H  went up from o,47 to 2.3. When  a fraction 
similar to  x-95 F was chromatographed  on DIe;AE-C as sho(vn in Fig. za, it ~ya.% found 
t h a t  L H  ac t iv i ty  was located in Fraction AI  (Table I l i ,  6-95Ax ) -with little TSH 
ac t iv i ty .  The T S H / L H  ratio was reduced to o.or. The later TSH-containing fractioff 
6-95B2 was rechromatographed  on DEAE-C as shown iu Fig. 2b and the fractions 
6-Io7B1, B2 and  B 3 were cut  as indicated,  Upon assay the T S H / L H  ratio was found 
to have increased from 2,3 in preparat ion 5-47, to  8o in the case of 6-Io7B2, indicat ing 
a reduct ion of 40 t imes in the con tamina t ion  of TSH by LH.  Thus, a good separation 
of the LH and TSH activi t ies (ratio of o.or for 6-95AI and of 80 for 6-zo7B2 ) was 
obta ined.  Assuming the ODao of pure LH to be no more than  4 ~g, tb_e ~.mount of L H  
present in a T S H  preparat ion such as 6-ro7B2 would be o.5 % (w/w), or less. The most 

T A B I , E  1 I I  

SF, PArcA ' r t o ,~  O F  T S I [  AND L I : I  ON I ) E A E - C  

Lt~:l¢in~ztt~q L, or~notte 
T.'~H potetm), T S H / L H  

l'¥ePar(tltr°~; U S P  t't,"Jn¢ 0 f )~ .  Rrlat;v¢ 
p ¢ pot t'n cy 

t-95F 0. 7 ~S t. 5 0.47 
5-47 5. o 45 2.2 2. 3 

6-95A t o.05 2 ~ 4.o o.o r 3 

6-1o713 [ 4.9 400 ,~. 25 20 
B 2 I o . o  H o o  o ,  t 25  8 o  
1~3 3 ' 3  4 0 0  o .  3 5  r 3 

6 - 6 t  A 0 . 0 5  8 i " - 5  0 " 0 0 4  
O I B t  0 . 9  4 5  2 . 2  o - 4 [  
6 I  |~;2 t 5 l 3 o  o . 7 7  2 0  

7 - 4 9 A  0 . 0 5  5 o 2_o o - o 2 5  
4 0 V J r  r . t  45 z . ;  o . 5  
4 9 B 2  5 5 'j° ° ' 2  25 

4 9  B 3  2 5 0 0  o .  z .t o 
4 9 C  t 6 5 0  0 . 1 5  6 . 7  

+%rmot ,  r 2_, 7 - 8 0 "  0 . 3 6  4 - '5  o . o i  4 

" T h i s  p r e p a r a t i o t t  h a s  ~ p o t e n c y  o f  2 o o  % V e a v e r  F i n c h  U n i t s # n g  17. 

R e l e v e n ~ e s  p .  4.1"$. 
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p o t e n t  L H  p r e p a r a t i o n s  d e s c r i b e d  i n  t h i s  r e p o r t  a p p e a r  t o  be  a b o u t  h a l f  a s  p o t e n t  a s  

A r m o u r  p r e p a r a t i o n  2~7-8o, b u t  t h e y  c o n t a i n  c o n s i d e r a b l y  l ess  T S H .  T h e  h i g h  T S H  

c o n t e n t  o f  t h i s  p o t e n t  A r m o u r  L H  p r e p a r a t i o n  i n d i c a t e s  t h a t  f u r t h e r  p u r i f i c a t i o n  c a n  

be  e x p e c t e d .  A d d i t i o n a l  s t u d i e s  o n  tlae c h r o m a t o g r a p h y  o f  L H  w i l l  be  r e p o r t e d  in  a 

l a t e r  p u b l i c a t i o n .  

E x peri~,.ents with carboxymethylcellulose 

F r a c t i o n s  f r o m  D E A E - C  c h r o m a t o g r a m s  c a n  b e  f u r t h e r  p u r i f i e d  o n  c a r b o x y -  

m e t h y l c e l l u l o s e  c o l u m n s .  F i ~ .  -3 i l l u s t r a t e s  t h e  r e c h r o m a t o g r ~ p h y  o f  t h e  F r a c t i o n s  B x  

a n d  B 2  in F i g .  2b ( T a b l e  I I :  6-1o7131, 6-1o7132) o n  C M - C  c o l u m n s .  T h e  c o n d i t i o n s  

p r e v i o u s l y  r e p o r t e d  ~ o f  a b s o r p t i o n  a t  p H  6 a t  l o w  i o n i c  s t r e n g t h  f o l l o w e d  b y  g r a d i e n t  

e l a t i o n  w i t h  I M N a C I  w e r e  u s e d  in  b o t h  e x p e r i m e n t s .  S i m i l a r  p a t t e r n s  w e r e  o b t a i n e d  

in  e a c h  c a s e  a n d  t h e  p o t e n c y  o f  t h e  m a t e r i a l  r e c o v e r e d  in  t h e  m a i n  p e a k  w a s  a t  l e a s t  

*,.,.,1. 

AI AP. = I 

rr . , / ,~ 7~0 ~_ 
. . . .  1 0 ~,o 

AI A2 b i 
W ,. 

o ~ - ' - t ~  ~ - o 
0 40 80 120 160 

EFFLUENT VOLUME - ML 

Fig. 3. R c c h r o m a t o g r a p h y  of T S H  on CM-C. Column 
size 0 . 9 -  2o cm, t e m p e r a t u r e  2% fract ion size 3 ml. O ,  
u.v_ absorp t ion  at  27 o m j t ;  A ,  TSH ac t i v i t y  in II .S.P. 
un i t s /ml  of effluent. Frac t ions  pooled as ~ndicated by  
brackets .  Gradien t  e lut ion according ~ ALr,~t el al. 14. 
,~olvents: l ,  pH  6.3, O.OlBl, sodium phospha te ;  I I ,  
g rad ien t  to I .3I NaCI. a. 237 mg  TS}! {4.9 tlnitslmg, 
Expt .  7-37 in Table  IV) applied to the co lumn in 2 rnl 
of the  init ial  buffer, b. l eo  mg TSFI, ( to units/rng,  
Exp t .  7-63 in TaMe IV) applied to  the  column in z ml  

of the init ial  buffer. 

T A B L E  IV 

CHROM.4.TOGRAPII~"  O F  P A R T I A L L Y  P U R 1 F I E I )  T . R H  o,x- C M - ( "  

5tartip;g mldcri, ll TSEI e2uted"" 
l£ ~pL No.  Cohc~nn size Y i d d  

a ~gd efut i*~ ~t o~., /ra, ' t t .n cm f'r~h'ncy 1-~,tal T S H  Potency o / p e a k  Tntat I"St l  
[ '5t"  1*rag [',S]" **mrs, I : S P  u.mg ~ ,SP z'orit.', 

Puri/~cation 

7-37B[ 0,9' 20 4.~ n ,I f~o z 3 ° 3 --:- 
Be -'v * ' "  37 ° 32 4.3 x 

7-b3B2 o. 9. 15 io l ,ooo t8 * ' °  300 3 ° 7,8 × 

7 I o 3  o . 9 -  t 5  2 . q  8 ~  5 ] o  400 45 3,5 x 

7-117 t).9" ' 5 3.2 I ,ooo ;o .5"**  2fi(~ 26 3.3 X 

7-I4n 1.9" =.5 4 3,  o o o  ] 5  _ , , t 8 o  73 3-7 × 

8-57 3.4" ~ 5 5 rS,ooo lo*** 3,qoo 2~ 2 × 

8 ~ 12.t}~1 1-9" L3 3 2*300 5 . . .  2OO 9 t÷7 × 
142 23 n,7°° 74 7.7 -~ 
133 i 3 3,1o n 5 5 x 

* Star t ing  mater ia l  prepared by ace tone  f rac t ionat ion  and c h r o m a t o g r a p h y  on DEAE-C.  
"* Elut ion carried out at  p i t  ~, with a gradient  to ] 31 Na('l .  

"* ~ Min imum values for ti le potency.  Higher  values were also obtained,  depending  on the  dose 
~njected into the chicks. 

Re/erences p. 438. 
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18 un i t s ]mg .  Th i s  f igure  is a m i n i m u m  va lue  since in the  case  of p r e p a r a t i o n  7-63 
(Table  IV) a p o t e n c y  of  18-.3o un i t s / r ag  was  found ,  d e p e n d i n g  unon'  t h e  dose inje,- :ed.  
T h e  yie lds  are  ca l cu l a t ed  f rom t h e  m i n i m u m  values .  T a b l e  IV s u m m a r i z e s  a n u m b e r  
of  e x p e r i m e n t s  of  th i s  t y p e  in which  the  y ie lds  were  fo u n d  to  be qu i t e  va r i ab l e  d u e  to  
d i f ferences  b e t w e e n  t he  s lopes of the  dose - r e sponse  cu rves  fo r  t h e  s t a n d a r d  a n d  t h e  
u n k n o w n .  These  b ioas say  diff icul t ies  a re  no t  e n c o u n t e r e d  wi th  less p o t e n t  f r ac t i ons  
t h a t  h a v e  no t  been  s u b m i t t e d  to  c h r o m a t o g r a p h y  on  b o t h  D E A E - C  a n d  CM-C. 
S imi la r  resu l t s  are  i nd i ca t ed  in Tab l e  I I ,  E x p t .  8-87B2,  irt wh ich  a m i n i m u m  va lue  of  
2I  un i t s ] rag  was found ,  b u t  the  m a x i m u m  va lue  was 36 uni t s / rag .  

l)lSCU SSION 

T S H  a nd  L H  a p p e a r  t o  be  ~imilnr prntain~.  T h e y  ;try." b~th  a,d~nrb~.d to  IRC-5 o  o r  t o  
CM-C a t  p i t  6 a n d  un t i l  t h e  d e v e l o p m e n t  of  D E A E - C  a n d  i ts  ap p l i c a t i o n  t o  th i s  
p ro b l e m,  t h e y  cou ld  no t  be  s e p a r a t e d  w i t h o u t  us ing  cond i t i ons  where  the  r isk of  
d e s t r o y i n g  T S H  is cons iderab le .  EJ.LlS ~8, for  e x a m p l e ,  has  e m p l o y e d  m e t a p h o s p h o r i e  
ac id  as  a p r e c i p i t a t i n g  a g e n t  for  r e cove r ing  T S H  f rom so lu t ion ,  l eav ing  L H  in t h e  
supe rna t a r t t .  H o w e v e r ,  in v iew of  the  i n a c t i v a t i o n  o r  a l t e r a t i o n  of  T S H  in ac id  
so lu t ion  7a, i t  s eems  p r e f e r a b l e  to  s epa ra t6  the  tw o  h o r m o n e s  u n d e r  as  mi ld  cond i t ions  
as possible .  

T h e  e lu t ion  p a t t e r n s  o b t a i n e d  in c o l u m n  c h r o m a t o g r a p h y  o n  D E A E - C  sugges t  
strongly t h a t  T S H  activity m a y  be a s soc i a t ed  wi th  two  or  m o re  chemica l  co m -  
p o n e n t s  s. PIERCE, WYNSTON AND CARSTEN h a v e  p r e p a r e d  h i g h - p o t e n c y  T S H  b y  a 
c o m b i n a t i o n  of c o u n t e r - c u r r e n t  d i s t r i b u t i o n  an d  c h r o m a t o g r a p h y  on  D E A E - C ,  which  
d i sp l ays  t w o  b a n d s  in s t a r c h  gel e lec t rophoreMs ~B." b o t h  of  which  were  ac t ive .  Ecc,-s 
ha s  r e p o r t e d  t h a t  sheep  T S H  p r e p a r a t i o n s  c o n t a i n  t w o  ac t i v e  c o m p o n e n t s  when  
p laced  on  I R C - 5 o  co lumns .  I t  wou ld  a p p e a r  t h a t  T S H ,  l ike o t h e r  p i t u i t a r y  h o rm o n es ,  
ex i s t s  in m o r e  t h a n  one  c h e m i c a l  fo rm.  P r e p a r a t i o n s  8-87132 (Table  II) a n d  7 -37B2  
(Tab le  IV),  wh ich  h a d  po tenc ie s  of o v e r  2o un i t s / rag ,  were  e x a m i n e d  for  N - t e r m i n a l  
a m i n o  acids  b y  t he  t e c h n i q u e  of SANGER ~0. D N P - p h e n y l a l a n i n e  a n d  D N P - t h r e o n i n e  
were  f ound ,  t o g e t h e r  w i th  t r aces  of D N P - s e r i n e ,  w h en  a 24-h h y d r o l y z a t e  of the  D N P -  
p r o t e i n  was  e x a m i n e d  b y  z - d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y .  Th ese  same t w o  
p r e p a r a t i o n s  also d i s p l a y e d  2 o r  3 b a n d s  in s t a r c h  gel e lec t rophores i s .  

T h e  T S H  p o t e n c y  of the  m o s t  a c t i v e  f r ac t i ons  r e c o v e r e d  f r o m  D E A E - C  a n d  CM-C 
c o l u m n s  is a t  least  20 un i t s / r ag .  Values  as h igh  as  50 un i t s / r ag  h a v e  been  o b t a i n e d  
in the  case of one  f r ac t ion  (8-113132, Tab l e  IV). Seve ra l  f ac to r s  h a v e  t o  be t a k e n  i n t o  
a c c o u n t ,  which  a f fec t  t he  specif ic  b iological  a c t i v i t y .  T h e  lower  l imi t  of  r e sponse  is 
a b o u t  2 mi l l iun i t s  t o t a l  dose  as s h o w n  b y  BATES AND CORNFIELD 1°, I f  t h e  specific 
a c t i v i t y  of  a f r ac t ion  is 2o un i t s /mg ,  th i s  c o r r e s p o n d s  to  o. r ~g  of  p ro te in ,  which  u n d e r  
t he  c ond i t i ons  of t he  a s s a y  is i n j ec t ed  in a v o l u m e  of o .z  ml. At  this  level  of p r o t e i n  
c o n c e n t r a t i o n  it has  been  f o u n d  tha t  in a 48-h  assay ,  the  so lu t ion  will have  lost  i ts  
i od ine - de p l e t i ng  ab i l i t y  b y  t he  second 24-h  per iod  unless an  i n e r t  p r o t e i n  so lu t ion  such  
as  o . t %  bov ine  s e r u m  a l b u m i n  is u sed  to  m a k e  t ip d i lu t ions  for  assay .  A n o t h e r  f a c t o r  
a f fec t ing  the  e s t i m a t e  of p o t e n c y  is t h a t  t h e  s lope of  t h e  dose  response  c u r v e  o f  t h e  

* XVt~ wish t~ thank Dr. J. G. Pll~I~cl~ for comparing own of our preparations wil.h one of his 
potent fractions, by starch gel electrophoresim in this c~rnparison the two bartds which he has 
found to he as.~cciated with T.qH activity were observed in preparations from both laboratories, 

2~e]ere~zces p. 43~'. 
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highly purified T S H  which has been chromatographed  on  D E A E - C  and  CM-C is less 
than tha t  of tim s tandard  preparat ion.  Thus,  at  a dose level of o . I / zg /day ,  the  
calculated po tency  m a y  be 5 ° units /mg, bu t  at  a higher dose level of 0. 5 /zg /day ,  the  
calculated po tency  will be only  2o mfits/mg. Since var ia t ion of this sort  is no t  
encountered  in fractions tha t  have not  been subjec ted  to extens ive  purification b y  
chromatography ,  it is clear tha t  the highly purified mater ia l  is less s table  and has  
different quant i ta t !ve  effect on iodine deplet ion in the  thy ro id  than do the  cruder  
fractions. Similar var ia t ion in the apparen t  po tency  of o ther  p i t u i t a ry  hormones  has 
been observed in a pumber  of laboratories.  
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