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Purification of thyroid protease by acetone fractionation 
In  previous studies in this Depa r tmen t  1,2,3 of the propert ies of the proteolytic enzyme of the 

thyroid  gland, prepara t ions  of the enzyme were used with an activity of the order of 4 ° uni ts*/mg.  
These were obtained by  (NH4)zSO 4 precipitat ion and subsequent  aqueous methanol-NaC1 fraction- 
ation of hog thyroid  extracts.  The following method provides substant ia l  improvements  in the yield 
and pur i ty  of the enzyme. 

Procedure  

Hog thyroids  (IOOO g) freed of superficial fat  and connective tissue were blended wi th  o.9 % 
NaCI (3 1), toluene was added, the suspension allowed to s tand for 15 hours  at  o ° C and then cen- 
trifuged. The residue was discarded, a second extract ion being avoided in order to reduce the volume 
of acetone required. The supe rna t an t  (Ext rac t  I containing approx.  3' lO5 protease units  and 
2 un i t s /mg protein), after  filtration th rough  cot ton wool, was stirred and acetone added gradually 
to 8o % (v/v) concentrat ion,  the t empera tu re  being mainta ined at  - - 5  ° C. After filtration at o ° C  
and washing with cold 8o % acetone the precipitate was blended wi th  cold water  (25oo ml) in which 
it most ly  dissolved, NaC1 (25 g) was added, the ext rac t  stirred, and the p H  slowly adjusted to 3.5 
wi th  2 N HC1. The copious precipitate was removed by centrifugation and discarded; the light b rown 
supe rna t an t  was then stirred while acetone was added at  IO ° to 8o % concentration. After several 
hours  in the cold room the precipitate was collected by centrifugation, st irred with cold water  (15o ml) 
and centrifuged; the supe rna t an t  was added to t ha t  obtained by  washing the residue with 2o% 
acetone (4 ° ml) and recentrifuging. The clear combined supe rna tan t s  (Ext rac t  II),  which still con- 
tained 55 % or more of the protease activity of Ex t r ac t  I, were b rough t  to 8o % acetone concentrat ion 
at  o ° C  and the precipitate removed by centrifugation and dissolved in cold water  (5o ml). The 
solution was centrifuged to remove a small a m o u n t  of insoluble material.  The supe rna t an t  (Ext rac t  
I I I )  which contained 4 ° % or more of the activity of Ex t r ac t  I (and about  15o un i t s /mg protein) 
was either dried in the frozen state  or immediately fract ionated with acetone. This was carried 
out  wi th  st irring at  o ° C, the  fractional precipitates being dissolved in water,  dialysed, and dried 
in the frozen state. Results  in two typical prepara t ions  are set out  in Table I which also includes 

O/ details of the acetone fract ionation of E x t r ac t  I I I .  As can be seen from this table about  35 /o of 
the total  activity of Ex t r ac t  I can be isolated in Fract ion I I I  of Ex t r ac t  I I I  wi th  an average activity 
of 3oo un i t s /mg protein compared with the value of the original ext rac t  of approx.  2 units/rag. 

T A B L E  I 

F R A C T I O N A T I O N  O F  H O G  T H Y R O I D S  F O R  P R O T E A S E  A C T I V I T Y  

Prepn. Wt thyroids Extract I Extract 1I Extract 1II  
No. (g) (total units) (total units) (total units) 

12 712 236,400 - -  131,ooo 
13 1,354 377,ooo 2o9,ooo 145,ooo 

Fraet ionat ion  of E x t r a c t  I I I  

Volume Fraction I Fraction I I  Fraction I I I  Fraction I V  
Prepn. o] extract (30 % acetone) (40 % acetone) (55 % acetone) (80 % acetone) No. (ml) (units) (un#s) (units) (un#s) 

12 38 4,30o 46,000 78,000 2,800 
(4I/mg) ( I I2 /mg)  (33o/mg) * (i8/mg) 

13 4 ° 2,800 I 1,2oo 129,ooo 1,8oo 
(48/mg) (64/rag) (z75/mg) (2x/mg) 

* After prolonged dialysis the activity of this fraction increased to 424 uni ts /mg.  

P r o p e r t i e s  

The most  active fractions were obtained as faintly b rown powders  readily soluble in water. 
When  submi t ted  to electrophoresis at  least three major  and one minor components  were revealed. 

* One unit  is the am oun t  of enzyme required to liberate lO .4 m-equiv,  tyrosine in 3 ° minutes  
a t  37 ° (haemoglobin subs t ra te ;  p H  3.5); compare ANsox 4. 
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A 1.8 % solut ion of Frac t ion  I I I  (P repara t ion  12 - T a b l e  I) was e x a m i n e d  in a P e r k i n - E l m e r  Por tab le  
E lec t rophore te r  Model 38 a t  p H  5.9 (o.o2 M p h o s p h a t e ;  o.15 M NaC1), wi th  90 V and  14 m A  appl ied 
du r ing  6 hours .  At  the  conclus ion of the  e x p e r i m e n t  f rac t ions  co r respond ing  to the  pos i t ion  of the  
zones on the  p h o t o g r a p h s  were removed ,  d ia lysed  and  a s sayed  for pro tease  ac t iv i ty .  The  resu l t s  
are g iven in Table  II.  

T A B L E  11 

E L E C T R O P H O R E S I S  O F  P U R I F I E D  P R O T E A S E  

(Frac t ion  I I I ,  P r e p a r a t i o n  12; 424 uni t s / rag)  

Zone* 1 :' 3 4 

Protease  34 37 ° 48o I, 15 ° 
u n i t s / m g  

* Zone 4 was s t a t iona ry .  Zone i mig ra t ed  fu r thes t  t owards  t he  anode.  

As can  be seen f rom Table  II  e lec t rophores is  a t  p H  5-9 does provide  a f u r t he r  pur i f icat ion 
of the  e n z y m e ;  i t  can  also be a s s u m e d  f rom t he  resu l t s  t h a t  the  e n z y m e  has  an  isoelectric po in t  
a t  a b o u t  5.9 in view of t he  i m m o b i l i t y  of t he  m o s t  act ive  f ract ion a t  t he  p H  used.  

Thyroid peptidases 
I n  a p rev ious  repor t  a f rom th i s  l abo ra to ry  thy ro id  p ro tease  p repa ra t ions  were shown  to possess  

pep t idase  ac t iv i ty  a t  p H  3.2 (within  t he  op t ima l  p H  range  for pro tease  act iv i ty)  and  to exh ib i t  
a specif ici ty s imi lar  to t h a t  of pepsin .  \VEIsS 5 found  t h a t  t hy ro id  ex t r ac t s  h y d r o l y s e d  a range  of 
pep t ides  a t  p H  7.8 b u t  no t e s t s  of th i s  p rope r t y  a t  acid p H  were repor ted  by  h im.  He  also s tud ied  
t he  in t race l lu lar  d i s t r ibu t ion  in beef t hy ro i d s  of p ro tease  and  pep t idase  ac t iv i t ies  a t  p H  4.0 and  7.8 
respec t ive ly  and  found  t h a t  t he  pep t idases  were associa ted  wi th  t he  submicroscopic  par t ic les  (mito- 
chondr ia l  s u p e r n a t a n t )  while t he  p ro tease  appea red  in t he  nuc lear  and  mi tochondr i a l  f ract ions.  

A sample  of purif ied t h y r o i d  p ro tease  p repared  as descr ibed above  (Prepara t ion  13, E x t r a c t  I I I ,  
F rac t ion  I I I  (Table I)) was  t e s ted  for pep t idase  ac t iv i ty  a t  p H  7.8. The  e n z y m e  0. 4 ml  (conta in ing  
250 pro tease  un i t s  in dV//5o verona l  buffer, p H  7.8) was  mixed  wi th  0.2 ml  of an  M]2o solu t ion  of 
glycyl-L-leucine in buffer  and  0. 4 ml  buffer  added.  T he  so lu t ion  was i n c u b a t e d  a t  37 ° C for I h o u r  
t oge the r  wi th  cont ro ls :  (a) no pept ide ,  (b) no enzyme.  C h r o m a t o g r a p h i c  e x a m i n a t i o n  on pape r  
(solvent  s y s t e m :  p ropano l -wa te r ;  80:20) showed  t h a t  a p p r o x i m a t e l y  25 ~o hydro lys i s  of the  pep t ide  
h a d  been effected. However ,  a 0. 4 ml  s ample  of a d ia lysed  sal ine e x t r a c t  of f resh hog  t hy ro id s  
equ iva l en t  to io  p ro tease  un i t s  b r o u g h t  a b o u t  comple te  hydro lys i s  of t he  pep t ide  u n d e r  compa rab l e  
condi t ions .  Two o the r  ace tone  f rac t ions  (I and  IV) of E x t r a c t  I I I  (P repara t ion  13) were also a s sayed  
on t he  pep t ide  and  ve ry  low or no ac t iv i ty  was found.  Consequen t l y  it  s eems  t h a t  t he  pur i f icat ion 
procedure  repor ted  above  preferent ia l ly  concen t ra t e s  t he  p ro tease  a t  t he  expense  of t he  pep t idase  
(active a t  p H  7.8). I t  is pe rhaps  possible  t h a t  pep t idase  ac t iva to r s  were r e m o v e d  in t he  process;  
however ,  in one expe r imen t ,  t he  add i t ion  of Mn 2+ (WEiss  5) as 0.004 M MnSO 4 was  n o t  found  to 
enhance  the  s l ight  pep t idase  ac t iv i ty  of the  purif ied protease .  

T A B L E  I I I  

C E L L U L A R  D I S T R I B U T I O N  O F  P E P T I D A S E  (pH 7.8) A N D  P R O T E A S E  (pH 3.5) 

A C T I V I T I E S  I N  H O M O G E N A T E S  O F  H O G  T H Y R O I D S  ( 2 0 0  g )  

Volume (ml)  o] 
Fraction extract or eluate Protease units Peptidase activity* 

(o . I5  M KCl)  

I Mi tochondr ia  
and  nuclei  combined  200 8, i oo A b o u t  i ]5 hydro lys i s  

n S u p e r n a t a n t  f rom I 61o 13,8oo Comple te  hydro lys i s  
I I a  Microsomes  36 2,800 Comple te  hydro lys i s  
l i b  Microsomal  s u p e r n a t a n t  37 ° 5,500 Comple te  hydro lys i s  

* I ml  of d ia lysed  ex t r ac t  or e lua te  m i xed  wi th  i ml  buffer  (M/5o veronal)  and  a d j u s t e d  to 
p H  7.8 wi th  N a O H ;  0. 4 ml  i n c u b a t e d  wi th  o.I ml  glycyt-L-leucine (31/2o) for 60 m i n u t e s  a t  37 ° C 
and  t he  digests  t h e n  e x a m i n e d  c h r o m a t o g r a p h i c a l l y  (propanol -water ;  80:20) .  



594 SHORT COMMUNICATIONS, PRELIMINARY NO'FES V{~L. 16 (Z055) 

In view of We l s s ' s  claims ~ as to the intr~cellular disirilutii,~n ,,1 lu:~t~'asv and p~3~tidase hi~ 
procedureS, 6 was repeated, using hog thyroids, to ascertain whether  the part iculate fractions provided 
bet ter  s ta r t ing  materials for the purification of the enzymes. In addition, the micros(mlal fraction 
was sedimented from the nuclear and mitocfiondrial supermt tant  by c~:ntrituging hu- i h~,ur at 
6o,ooo ~, (mid point  of cup). The results of the en×vmc assays are given i~l Tal,le I I I .  

These results confirm essentially the findings of \VEtss as regards the distribntiol~ oI peptidase; 
in the case of the protease activity, however,  this was present  t,i a greatcr extent  in the supe rna tan t  
from the Colnbined nuclear and mitochondrial  fraction. 1t should be pointed ~ut th:~t such results 
may  bear no relationship to the enzymic distr ibution i ,  .;ilu; the implication m;~v. be tha t  during 
the blending and centrifuging of the cellular material the two enzymes have becoule selectively 
adsorbed on the large aggregate surfaces of the particles from which they C;~ll theu Ix' eluted. N~l 
explanat ion can be offered for the discrepancy between tln' proteasc ;~cti\,iiv \;l!llt~ of lrr;Icti,ul II  
and the combined values of Fract ions I I a  and I I b  (Tablo 1 f!). 

We are indebted to the Australian National  Heal th  and Medical Research Council for a grant  
towards the cost of the investigation and to Dr. M. T. Mr; Qtr~T~r.aN for assistanco. 
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The participation of ribose derivatives in the conversion 
of anthranilic acid to indole by extracts of Escherichia co/i* 

Although the mechanism of t ryp tophan  formation from indole is unders tood in both Esrhvrichi~ 
col# and Neurospora crassa °- a, comparat ively  little is lcn~lwu about  the conversion of anthranilic 
acid to indole in these organisms. The available evidence indicates tha t  the amino nitrogen ,ff 
anthranil ic  acid is retained during indole formation (shown with Nc~rospora ~ while the carb~>xvl 
carbon is lost (in bo th  E. coli v and NeurosporaS). Loss of the carboxyl  carbon of anthranilic acid 
necessitates the addition of two carbon atoms to anthranilic acid to form indole. The present  experi- 
ments  with extracts  of a m u t a n t  strain of E. coil denmnst ra te  tha t  these two carbon abmls  may 
be derived from ribose or ribose derivatives. 

COOH 

anthranil ic acid 

J 

~ J  

H 

indole 

Ex t rac t s  were prepared from a t ryp tophan  auxo t roph  of tile I<- R z strain of E. coll. The t rypto-  
phan  requi rement  of this m u t a n t  is also satisfied by  anthranil ic  acid or indole. For the exper iments  
reported here, this s train was grown on a nlinimal medium~ supplemented with anthranilic acid. 
The cells were collected by  centrifugation, washed, and subjected to sonic oscillation. The sonic 
extracts  were centrifuged for 2o minutes  at 6o,ooo × g in a Spinco ultracentrifuge. The clear super- 
na t an t  solutions were dialyzed against  o.o2 3[  phosphate  buffer at  p H  7.8 before use. 

Dialyzed extracts  of the mu tan t ,  as can be seen in Table I, readily convert  anthranilic m'id 
to indole in the presence of the proper  supplements .  Both ribose and r ibose-5-phosphate (R-5-P) 
serve as excellent sources of the two carbon a toms needed for indole synthesis  from anthranil ic acid TM. 
However,  neither compound  is effective in the absence of ATP. The results of a preincubat ion 
exper iment  wi th  pota to  apyrase 11 (Table H) also indicate tha t  ATP is required for indole synthesis  
w h e n  R-5-P is employed as carbon donor. ATP apparent ly  is not  required when 5-phosphoriboxyl-  

* This investigation was suppor ted  in par t  by the National Science t~'omldation. 


