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SUMMARY 

I. Proteolytic activity of pig thyroid homogenates was determined over tile 
pH range 2.5 to Io, using as substrates denatured haemoglobin and thyroglobulin. 
There were two pH optima in the acid and neutral range: haemoglobin substrate, 
pH 3.5 t,, 3.8 and pH 7.o to 8.I ; thyroglobulin substrate, pH 4 to 5 and pH 7.3 to 8.3. 
Activity at neutral pH (haemoglobin substrate) was labile and affected by sulphydryl 
reagents. 

2. The distribution of protease and peptidase activity was studied in subcellular 
fractions using acid phosphatase as a lysosomal marker. The peptidases examined 
includedN-acetyl-L-phenylalanyl-L-tyrosine hydrolase (APAT hydrolase), L-cystein- 
yl-zTtyrosine hydrolase, benzyloxycarbonyl-L-glutamyl-L-tyrosine hydrolase ("Cat- 
hepsin A"), benzyloxycarbonyLglycyl-z-phenylalanine hydrolase ("carboxypeptid- 
ase") and c-leucyl- 4,methoxy-/~-naphthylamide hydrolase (" leucine aminopeptidase"). 

3. APAT hydrolase, cysteinyltyrosine hydrolase and "cathepsin A" were pre- 
dominantly particulate. Acid protease (haemoglobin substrate) and acid phosphatase 
were equally distributed between particulate and soluble fractions whereas neutral 
protease (haemoglobin substrate), "carboxypeptidase" and "leucine aminopeptidase" 
were mainly soluble. 

4. The particulate enzymes, with the exception of APAT hydrolase which was 
more resistant to solubilization, were affected to a similar extent by treatment of the 
lysosomal/mitoehondrial fraction by freezing and thawing, dialysis, detergent action, 
sonication and incubation at acid pH. 

5. Similar distribution patterns for the particulate enzymes were obtained on 
density-gradient centrifugation. 

6. The significance of these findings is discussed in relation to the location of 
these enzymes "in vivo". 

Abbrev ia t ions :  Ac , acetyl ;  t3z , benzoyl ;  Z-,  benzy loxyca rbony l ;  ]'4, t hy rox ine ;  MIT,  
mono iodo ty ros ine ;  I)[T,  d i iodotyros ine;  APAT,  N-ace ty l -L-phenyla lany l -L- ty ros ine ;  PCMB, p-  
ch lo romercur ibenzoa te ;  TSH,  t hy ro t roph ic  hormone .  

Biochi~*t. Biophvs. ,4eta, I3z (~967) 454 ~7 ~ 



PROTEOLYTIC ENZYMES IN THE THYROID GLAND 455 

INTRODUCTION 

Proteolysis of the storage protein, thyroglobulin, is essential for the release of 
the thyroid hormone. Since proteolysis was first demonstrated in the isolated follicular 
colloid 1 a number of proteolytic enzymes have been purified: acid protease 2,s, APAT 
hydrolase 4 and cysteinyltyrosine hydrolase 5. The acid protease hydrolyses 13'I-labelled 
thyroglobulin to release T~ together with DIT and MIT and labelled peptides while 
at least one of the peptidases appears to act synergistically with the protease to re- 
lease, particularly, additional DIT and MIT s,6. Other proteolytic enzymes have also 
been noted but have not been purified, for example, neutral protease 7,s and leucine 
aminopeptidase 9. The determination of the location of these enzymes in the thyroid 
is of importance in elucidating their role in proteolysis in vivo. It  has been shown, in 
TSH-stimulated rat thyroids, that pinocytosis of colloid occurs l°,n. Histochemical 
evidence, with acid phosphatase as marker, indicates the 'fusion' of lysosome-li~ e 
granules with the colloid droplet 12. However, little work on the location of thyroid 
proteases and peptidases has been reported apart from the original work of DE Ro- 
BERTIS 1. WEISS 13 demonstrated catheptic and peptidase activity in the 20 000 × g 
particulate fraction of the cell, findings which were essentially confirmed by LAVER 
AND TRIKOJUS 2. A more precise localization of the proteolytic enzymes was therefore 
undertaken. 

MATERIALS AND METHODS 

Experimental animals 
Pig thyroids were obtained fresh on ice from the abattoirs. 
Male rats, a crossbreed of the Wistar and the Rattus norvegicus strains weighing 

300-400 g, were used. Thyroids were obtained, usually after the rats were killed with 
chloroform. Chloroform appeared to have no effect on the distribution of the enzymes 
since similar results were obtained when animals were killed by exsanguination. 

Reagents 
Glass-distilled water and A.R. grade reagents were used throughout. 
APAT and L-Cys-L-Tyr were synthesized by V. M. TRIKOJUS and T. A. A. DoP- 

HEIDE of this Department. Z-Gly-L-Phe, Bz-L-Arg-amide, Z-L-Glu-L-Phe, Z-L-Glu- 
L-Tyr, Gly-L-Phe-amide and L-Leu-amide were obtained from Mann Research Labs., 
L-leucine-4-methoxy-fl-naphthylamide from Sigma and p-nitrophenyl phosphate 
from British Drug Houses. 

Preparation of homogenates 
All media were adjusted to pH 6.8. Pig thyroids (at least IO glands) were 

homogenized with 2 to 4 volumes of the appropriate medium in a Servall Omni-mix 
(metal container) for 2 × 30 sec at 8000 rev.]min at o °. The homogenate was then 
strained through two thicknesses of muslin. 

Rat thyroids were homogenized in a Potter-Elvehjem type apparatus, consist- 
ing of glass tube and Teflon plunger attached to an electric drill. Four thyroids 
(approx. IOO mg wet weight) were homogenized with 0.5 ml medium for 30-4 ° sec 
(15-25 passes). 
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The most  sa t i s fac to ry  med ium was found to be 0.25 M sucrose-i '){) bovine 
serum a lbumin  (Cohn Frac t ion  V, Commonwea l th  Serum I .aborator ies) .  However ,  
the  a lbumin  was omi t t ed  in exper imen t s  where p ro teo ly t i c  ac t iv i ty  was being assessed 
and in the  sucrose grad ien t  runs.  

Tissue JYactionation 
For  the  s t u d y  of t i le d i s t r ibu t ion  of the  enzymes in the  pig thyro id ,  the  homo- 

genate  was f r ae t iona ted  according to the  me thod  of DE DVVE et al. 14 (with minor  
modifications) in to  four pa r t i cu l a t e  and  two soluble fractions.  The homogena te  was 
cent r i fuged for io  min at  65o x g to remove nuclei, unbroken  cells and  debris  (N frac- 
tion). The  s u p e r n a t a n t  was then  cent r i fuged for 2o rain at  14 ooo × g. This  p rec ip i t a t e  
was resuspended  in the  med ium (M fract ion) and  the  s u p e r n a t a n t  was cent r i fuged for 
9 ° rain at  78 ooo x g. The pel let  was t e r m e d  the  microsomal  fract ion (Mi) and  the  
supe rna t an t ,  the  soluble f ract ion (S). In  m a n y  exper iments  the  M fract ion was re- 
cent r i fuged for 2o rain at  5ooo × g to give the  h e a v y  mi tochondr ia l  f ract ion (M~) and 
at  14 ooo X g for a fur ther  2o min to give a l ight  mi tochondr ia l  f rac t ion (Mf~) and  the  
mi tochondr ia l  washing (Mw). 

In  the  s tudies  on the ra t  no a t t e m p t  was made  at  subf rac t iona t ion .  The homo- 
gena te  was d i lu ted  to 4 ml and cent r i fuged for 9o min at  I i o  ooo "~ g to give soluble 
(S) and  pa r t i cu l a t e  (P) fract ions.  

Densily-gradieu¢ centnfugalion 
Discont inuous  g rad ien t s  were p repa red  b y  layer ing  I h before use. Linear  gradi-  

ents  were p repa red  b y  a modif ica t ion  of the  me thods  of PARR la and  BOCK AND LIN616. 
The a p p a r a t u s  consis ted of  two ident ica l  cyl indr ica l  vessels p laced  side by  side and 
connec ted  b y  a nar row tube.  Bo th  vessels were open to the  a tmosphere .  The vessel 
con ta in ing  the  heavier  sucrose was s t i r red  b y  a magne t ic  s t i r rer  and  had  an out le t  of 
fine Teflon tub ing  which was a t t a c h e d  to the  top  of the  centr i fuge tube  so t ha t  the  
sucrose flowed slowly down the wall of the  tube.  The  l inear i tv  of the  g rad ien t  so 
p roduced  was tes ted  by  add i t ion  of 2 ,6-dichlorophenol indophenol  to the  heavier  
sucrose. The  cent r i fuga t ion  was carr ied  out  a t  IO 4oo ~ g for 8o rain, using the Spinco 
Model-L centr i fuge (SW 39 head).  

T~[zymc ctssays 
The enzyme act iv i t ies  were de t e rmined  af ter  d ia lys is  overnight ,  except  in the  

case of the  "neu t ra l  p ro tease"  (due to i ts ins tab i l i ty ) ,  or unless otherwise s ta ted .  At> 
p rop r i a t e  controls  were a lways  included.  The resul ts  given th roughou t  were ob ta ined  
af ter  sub t rac t ion  of control  from tes t  values.  

Acid phosphatase 
This was assayed  by  the  me thod  of (;IANETTO AN1~ DE DUVE 17 with sodium 

/3-glycerophosphate  as the  subs t ra te .  Released  phospha te  was e s t ima ted  b y  the  
ALLE.X ~s method .  One enzyme uni t  is defined as t h a t  amoun t  which releases I / , m o l e  
phospha t e  in I min at  37 °. In l a te r  exper iments ,  the  m e t h o d  of  BESSEY, LOWRY a x >  
BROCK 19 was used wi th  p -n i t ropheny l  phospha t e  as subs t ra te .  One uni t  is t ha t  ac t iv i ty  
which hydro lyses  I #mole  of the  subs t r a t e  in i min at  37 °. 
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Proteolyiic enzymes 
The substrate, haemoglobin, was prepared from defibrinated ox blood and freeze- 

dried. Prior to use, the haemoglobin was dissolved in water, denatured with either 
2 M HC1 at pH 1. 5 or 6 M urea, and then adjusted to either pH 3-5 with 2 M NaOH 
or to the desired pH with suitable buffers. 

A mock incubation of substrate plus enzyme fraction was always set up to 
check the actual pH level, which is the value given throughout. The assay method 
was a modification of that  of ANSON ~°. Incubation periods of IO rain were generally 
used since the activity in the alkaline pH range was unstable. The "tyrosine equiv- 
alents" released were estimated from the absorbance of the filtrate at 280 mp (using 
Unicam SP 500 spectrophotometer) after precipitation of the unreacted substrate 
with IO% trichloroacetic acid. 

Thyroglobulin was prepared from pig thyroids according to the method of 
DERRIEN, MICHEL AND ROCHE 21 and freeze-dried. Fresh solutions were made by dis- 
solving the protein in water and adjusting the solution to the required pH by addition 
of the appropriate buffers, pH levels were checked as with the haemoglobin substrate. 
0. 5 ml of the buffered I %  thyroglobulin solution was incubated with 0.5 ml of the 
enzyme solution for 3-4 h at 37 °. Control tubes containing only 0.5 ml of the thyro- 
globulin solutions were also incubated. 2 ml i o %  trichloroacetic acid was then added 
to all tubes and o. 5 ml of the enzyme preparation to the controls. The tubes were then 
centrifuged and the absorbance of the supernatant at 280 m/~ determined. The reac- 
tion was found to be linear for at least 4 h. 

In both assays one unit of proteolytic activity is defined as that  amount of 
enzyme which releases the equivalent of o . I / ,mole  of tyrosine in I min at 37 °. 

Peptidases 
Quantitative. Activity against a number of characteristic substrates was meas- 

ured as follows: 
APAT (substrate for APAT hydrolase) by the method of MENZlES AND McQUIL- 

LAN 4, the time of incubation being increased to 2 or 3 h. When assaying rat prepara- 
tions the assay was carried out at pH 5.6 instead of 4.I since the rat  enzyme was found 
to have a higher opt imum pH*. One unit of APAT hydrolase activity is expressed as 
that  amount of enzyme which releases I /~mole of tyrosine from the substrate in 
I min at 37 °. 

L-Cys-L-Tyr (substrate for cysteinyltyrosine hydrolase) by  a modification of 
the method of LOUGHLIN AND TRIKOJUS 5. 5 °/~1 of the enzyme was preincubated with 
50 #1 o.i M sodium acetate buffer (pH 5-3) containing 0.6 M Zn 2+ (the acetate salt) 
for 30 min at 37 °. IOO/21 32 mM L-Cys-L-Tyr was then added and the incubation con- 
tinued for 3o-12o min. Samples of 50/~1 were taken at zero time and at the end of the 
incubation. One unit is defined as that  amount of enzyme which releases I/~mole of 
tyrosine and cysteine (as measured by ninhydrin colour increase) in I rain at 37 °. 

Z-L-Glu-L-Tyr (substrate for cathepsin A) as for APAT hydrolase, substrate, 
IO mM. 

Z-Gly-L-Phe (substrate for carboxypeptidase) as for APAT hydrolase, sub- 
strate, IO mM. 

* N. W. DUNN AND i .  T. McQUILLAN, unpub l i shed  results .  
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L-Leucine-4-methoxy-/J-naphthylamide (substrate for leucine aminopeptidase) 
by the method of BERNT AND BERG~F.YER 2', with certain modifications: L-leucine-4- 
methoxy-fl-naphthylamide was used as the substrate in place of L-leucine-/4-naphthyl- 
amide and preincubation with MnC12 was omitted since there was no apparent activa- 
tion of the enzyme. One unit of activity is defined as that  amount of enzyme which 
releases I #mole of 4-methoxy-/~-naphthylamine in i min at 37 °, 

Qualitative. When a quanti tat ive estimation was not practicable 50 #1 of the 
fraction was incubated with 5o/,1 of the buffered substrate for 4 h at 37 °. IO/A ~)f each 
incubation was then applied to chromatography paper. Control tubes, containing 
buffer plus either enzyme or substrate, were similarly treated. IO/,,l samples of "mar-  
ker" solutions of the appropriate amino acids in concentrations calculated to be 
equivalent to Ioo% hydrolysis of the peptide were also applied. Chromatograms were 
developed with n-butanol-acetic acid-water  (4:~ :I, by rot.), dried in air and sprayed 
with ninhydrin. The degree of hydrolysis was estimated visually by comparison - f  
incubation and "marker"  spots. 

Protein determiuatio~ls 
Protein determinations were carried out according to the method of ELLMAN z3. 

R E S U L T S  

Preliminary investigations, using the technique of DE DEW; et al) a, indicated 
that  the distribution of acid protease (haemoglobin substrate, pH optimum 3.5) close- 
ly paralleled that  of acid phosphatase, suggesting that  the proteolytic enzyme was 
also of lysosomal origin. The distribution, however, was quite different from that  found 
by other workers for similar enzymes in the liver. This could be due, as D~: DuvE '24 
had noted, to the fact that  the thyroid is a much more difficult tissue to homogenize. 
The homogenizing technique and medium were subsequently modified (to that  given 
in MATERIALS AND METHODS) and yields of up to 65 % "lysosomes" (determined from 

T A B I . E  I 

DISTRIBUTION OF ACID PROTEASE AND ACID PHOSPHATASE IN PIG-THYROID AND RAT-LIVER TISSUE 

P r e p a r a t i o n :  P i g  t h y r o i d s  h o m o g e n i z e d  in  4 vol .  o .25  M s u c r o s e .  H o m o g e n a t e  f r a c t i o n a t e d  as  in 
MAIERIALS AND METHODS a n d  p r e c i p i t a t e s  r e s u s p e n d e d  in  o n e - h M f  t h e  o r i g i n a l  v o l u m e .  All 
s a m p l e s  d i a l y s e d  o v e r n i g h t  b e f o r e  a s s a y .  Mi~ d i l u t e d ,  o t h e r  f r a c t i o n s  a s s a y e d  u n d i l u t e d .  A s s a y  p r o -  
c e d u r e s :  P r o t e a s e ,  i n c u b a t i o n  w i t h  2 %  h a e m o g l o b i n  f o r  3o m i n  a t  p H  3.5.  P h o s p h a t a s e ,  i n c u b a -  
t i o n  w i t h  o .o5  M / ~ - g l y c e r o p h o s p h a t e  in  t h e  p r e s e n c e  o f  o. i % T w e e n  2o f o r  6o m i n  a t  p H  5.o.  

I;ractio~2 Thyroid (% distribution) Liver* (% distribution) 

Acid A aid Cathepsin Acid 
protease phosphatase phosphatase 

N 4 3 4 4 
Mr~ 3 t 3 t 35 24 
Ms~ 2I  2I  43 4 I 
M w  8 9 . . . . .  
Mi 3 3 8 2o 
S 33 3 2 12 t 3 

* R e s u l t s  o b t a i n e d  b y  D E  DUVF et at. ~a. 
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particulate acid phosphatase) could be obtained. Results from a typical experiment 
are given, together with those of DE DUVE et al. 14 for rat liver, in Table I. 

pH curves 
Total particulate (N + M + Mi) and soluble fractions were assayed over the 

pH range 2. 5 to IO using both haemoglobin and thyroglobulin as substrates. As indi- 
cated in Fig. I, there are two distinct optima--in the pH range 3.5-3.8 (acid protease) 
and in the pH range 7.o-8.1 (neutral protease)--when haemoglobin is the substrate. 
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Fig. I. pH-ac t iv i ty  curve: 2 % haemoglobin substrate, incubated io min, 37 °. pH range 2.5-4.5: 
acid-denatured haemoglobin; pH range 4-9.7: urea-denatured haemoglobin. Buffers used: 
pH2 .5 -3 .2 :  glycine-HC1; pH3.3-5 .5 :  sodium acetate-acetic acid; pH5.5-8 .5 :  unbuffered; 
pH 8.5--9.7: glycine-NaOH. Preparat ion:  Pig thyroids homogenized in 4 vol. 0.25 M sucrose. 
Homogenate centrifuged 2o min, 14 ooo × g. Precipitate suspended in one-half the original 
volume. Assay carried out immediately after preparation of fractions. 1~--O, soluble; × - - × ,  
particulate.  

Fig. 2. pH-ac t iv i ty  curve: 1% thyroglobulin incubated 3 h, 37 °. Buffers used: pH 3-5.5: sodium 
acetate-acet ic  acid; pH 5.5-7: unbuffered; pH 7-8.1: Tris-HC1; pH 8.5-1o: glycine-NaOH. 
Preparat ion as given in Fig. I. 1~--O, soluble; × - - × ,  particulate. 

The distribution of acid protease closely follows that of acid phosphatase while neutral 
protease is mainly in the soluble fraction. When thyroglobulin is the substrate there 
are again two pH optima (Fig. 2) but acid protease appears to have an optimum in 
the pH range 4-5 and the percentage in the particulate fraction is higher compared 
with the activity against haemoglobin. Neutral protease has an optimum in the range 
7.3-8.3 and 90% of this activity is particle-bound, whereas it is mainly soluble when 
haemoglobin is the substrate. It  should be noted that total activity with thyro- 
globulin as substrate was only 5 % of that with haemoglobin at the acid pH optimum 
and 3% in the neutral pH range. 

Effect of cysteine, mercaptoethanol and -SH reagents on the activity of the proteases 
pH-activity curves were also determined in the presence of o.oi M mercapto- 

ethanol. Mercaptoethanol had no effect in the acid pH optimum range with either 
substrate. With haemoglobin as the substrate the mercaptoethanol caused a small 
shift in the neutral pH optimum (plus 0.8 pH unit) and an inconsistent elevation of 
enzymic activity. The effect of 0.o6 M cysteine on the activity of the neutral protease 
also varied from preparation to preparation. It  was considered possible that this 
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T A B L E  i I  

STABILITY OF NEUTRAL PROTEASE (SOLUBLE FRACTION). HAEMOGLOBIN SUBSTRATL" 

Mercap toe thano l  concen t r a t ion :  s torage,  (:).02 M; assay ,  O.Ol M. Cyste ine  concen t ra t ion :  s torage,  
none;  assay,  o.o6 M. Storage t e m p e r a t u r e :  4 <>. t ' r epa ra t ion :  35 g pig t hy ro id s  homogen ized  in 
i4o ml  o.25 M sucrose.  Cent r i fuged  9o min ,  78 ooo X g s u p e r n a t a n t  used  for s tudy .  

Atmosphere Stabilizer Age o) ,4 ctivity 
preparatio~ 
(h) L:nils %, lmtial 

sample 

Air None  (, 923 l oo 
Air Mercap toe thano l  {~ I2oo t3 o 
Air None 2~ 382 42 
Air Frozen 21~ 234 2~, 
Air Mercap toe thano l  26 647 7 
N._, None z() 428 47 
No Mercap toe thano l  2¢) (123 09 
Air Cys te ine  z6 877 95 

might be due to variation in the glands. Previous results had indicated that  the neutral 
protease was unstable. After ageing of the preparation overnight, which caused a 
marked reduction in activity, a definite activation with either cysteine or nlercapt(> 
ethanol could be detected consistently. Similarly, prior addition of mercaptoethanol 
to the preparation reduced the loss of activity on ageing, whereas Ne had little effect 

T A B L E  l l l  

EFFECT OF ACTIVATORS AND INHIBITORS ON NEUTRAL PROTEASE (SOLUBLE FRACTION). HAEMO- 
(;LOmN SVBSTRATE 

Prepa ra t i on :  2 0 g  pig thy ro ids  homogen ized  in 8on l l  o.25 M sucrose. Centr i fuged 9 o m i n ,  
78 ooo x g; s u p e r n a t a n t  used  for s tudy ,  t ' r e i ncuba t i on :  All samples  p r e incuba t ed  for 3o m i n  
wi th  the  added  reagent .  The  concen t r a t i ons  of t he  r eagen t s  on p re ineuba t ion  were 6 t imes  those  
of t he  ac tua l  a s s ays  (given in the  Table) ,  Dialysis :  O v e r n i g h t  aga ins t  glass-dist i l led water  a t  4 ~. 

State of Reagent added (M) Activity 
sample 

Units % Initial 
.sample 

Undia lysed  None  295 l oo 
Und ia lysed  Cysteine ( io -4) 257 88 
Und ia lysed  Cyste ine  ( io -2) 576 19.5 
Und ia ly sed  P C M B  (io -6) 29z 99 
Und ia lysed  PCMB (.5" t o-5) 118 4 ° 
Und ia ly sed  PCMB (IO -°) + cys te ine  (lO -~) 222 7_5 
Und ia lysed  PCMB (io -6) + cys te ine  (lO -21 287 97 
Und ia ly sed  PCMB (5'  IO-'5) + cyste ine  (lO -4) 92 3 t 
Undia lysed  PCMB (5'  lO-5) + cys te ine  ( io -~) 287 97 
Und ia ly sed  Iodoace ta te  (io -41 136 46 
Und ia ly sed  Iodoaee ta te  ( io -2) 74 25 
Und ia ly sed  Iodoaee ta te  (lO -4) + cys te ine  1io -~) 225 67 
Und ia ly sed  Iodoace ta t e  (IO -*) + cys te ine  (lO -2) 16o 54 
Dialysed None  t77 6o 
Dialysed Cyste ine  (IO -2) 183 62 
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and freezing (16 h) and thawing caused an even greater loss of activity. Inactivation 
by dialysis overnight at 4 ° could not be reversed by cysteine. 

Preincubation of the soluble fraction with PCMB resulted in some loss of neutral 
protease activity. The effect of lO -6 M PCMB was variable (20% to zero inhibition) ; 
higher concentrations, e.g. 5" IO-~ M were more effective. This effect could be reversed 
by lO -2 M cysteine. Iodoacetate was a more potent inhibitor and its effect could be 
reversed only partially by the addition of cysteine. 

These results are summarised in Tables II and III. Inhibition (approx. 50%) 
was also observed following incubation for 3 ° min at pH 5 or in the presence of either 
o.1% Tween 20 or 0.06 M citrate. 

Distribution of APAT  hydrolase and cysteinyltyrosine hydrolase 
Table IV shows the results obtained in a typical experiment using pig thyroids; 

all assays were carried out on the same preparation. Both peptidases appear to be 
more firmly particle-bound than the acid phosphatase. 

Distribution of leucine aminopeptidase activity 
IO mM L-leucine-amide was completely hydrolysed by a thyroid homogenate 

under the conditions of the qualitative assay at pH 4.1, 5.3 and 7.5. Quantitative 
estimations of enzymic activity at pH 4.5, 5.3 and 7.5, with L-leucine-4-methoxy-fl- 
naphthylamide as substrate, were carried out to locate the peptidase precisely (Table 
V). At pH 7.5, 60% of the enzyme was recovered in the soluble fraction and a high 
percentage of the particulate activity in the N fraction which consists of unbroken 
cells and cell debris as well as nuclei. At pH 5.3, the total activity was smaller (15% 
that at pH 7.5) and the distribution essentially the same. At pH 4.5 no activity could 
be detected. 

Distribution of cathepsin A activity 
Preliminary qualitative experiments which were carried out at pH 4,1, 5.3 and 

7.5 indicated that  Z-L-GIu-L-Phe and Z-L-GIu-L-Tyr were readily hydrolysed at 
pH 4.1 and 5.3. Distribution of activity was determined subsequently at pH 5.3 
(Table VI) and was found to be similar to that  of APAT hydrolase. However it has 
not been established that the activity against the characteristic substrates for 
cathepsin A is due to an enzyme distinct from that  hydrolysing APAT. Purified 
APAT hydrolase has been found to show very low activity against these substrates 
at pH 4.1 but not at pH 5.3 (ref. 4). 

Distribution of carboxypeptidase activity 
The activity of the particulate (N + M + Mi) and soluble fractions as well as 

that of the homogenate against Z-Gly-L-Phe was assessed qualitatively at pH 4.1, 
5.3 and 7.5. There was only a slight hydrolysis of the peptide at pH 4.1 and 5.3 and, 
in contrast to the pancreatic enzyme 25, no hydrolysis at pH 7.5. On quantitative 
estimation at pH 5.3 and 6.8, no hydrolysis was detected at the higher pH and, at the 
lower pH, most of the activity was in the soluble fraction (Table VI). 

Cathepsins B and C 
The activity of the thyroid homogenate, particulate and soluble fractions against 

Biochim. Biophys. Acta, ~32 (I967) 454-471 
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T A B L E  IV 

D I S T R I B U T I O N  OF A P A T  H Y D R O L A S E  A N D  C Y S T E I N Y L T Y R O S I N E  H Y D R O L A S E  1N P I G  T H Y R O I D  

P r e p a r a t i o n :  5 ° g pig t h y r o i d s  homogen ized  in 18o ml o,2 5 M s u c r o s e - 1 %  bovine  s e rum a lbumin .  
F r ac t i ona t ed  as in MATERIALS AND METHODS. All samples  d ia lysed  o v e r n i g h t  pr ior  to  assay.  
MH d i lu t ed  before assay,  o ther  f rac t ions  assayed  undi lu ted .  

Fraction A PA "1" hydrolase Cysteinyltyrosine hydrolase Acid phosphatase* 

Units Units % total Units % total 

N 1.3o 15 o.61 8 2.63 IO 
MH 4" 15 49 2.30 29 6.03 23 
ML 0"45 5 o.2o 3 I.oo 4 
Mw 0.35 4 1.37 17 0.07 l 
Mi o . Io  f 0.08 I 0.83 3 
S 2.13 25 3.27 42 16.oo 60 

* p - N i t r o p h e n y l  p h o s p h a t e  as subs t ra te .  

% total 

T A B L E  V 

D I S T R I B U T I O N  OF L E U C I N E  A M I N O P E P T I D A S E  A C T I V I T Y  I N  P I G  T H Y R O I D  

P r e p a r a t i o n :  4 ° g p ig  t hy ro ids  homogen ized  in 80 ml  o.25 M sucrose. F r a c t i o n a t i o n  as in MATE- 
RIALS AND METHODS. Assay :  I n c u b a t i o n  wi th  L- leuc ine -4 -methoxy- f l -naph thy lamide  for 60 rain 
a t  p H  7-5, 37 °. Resu l t s  g iven  are those  ob t a ined  wi th  d ia lysed  samples ;  the  assay  was  also carr ied 
ou t  on the  und i a ly sed  f rac t ions  w i t h  iden t i ca l  resul ts .  

Fraction Leucine aminopeptidase Acid phosphatase 
activity activitv 

Mill iunits  % total Units % total 

N 183 20 4.87 14 
MH 5 ° 6 9.58 27 
ML 15 2 0.78 2 
Mw 47 5 i .o  7 3 
Mi 60 7 1.47 4 
S 538 60 17.78 5 ° 

T A B L E  VI 

D I S T R I B U T I O N  OF C A T H E P S I N  A A N D  C A R B O X Y P E P T I D A S E  A C T I V I T Y  IN P I G  T H Y R O I D  

P r e p a r a t i o n :  20 g pig t h y r o i d s  homogen ized  in 5 ° ml  s u c r o s e - 1 %  bovine  se rum a lbumin .  Cen- 
t r i fuged  90 rain, 78 ooo × g. D ia lysed  o v e r n i g h t  before assay.  

Peptide (pH) ,4 ctivity particulate Activity soluble 

MiUi- % total Milli- % total 
units units 

Z L--Glu--L-Tyr* (5.3) 43 72 17 28 
Z-L-Glu-L-Phe** (5.3) 7 ° 88 io  12 
Z - G l y - L - P h e  (5.3) 23 29 55 71 
Z - G l y - L - P h e  (6.8) o o o o 

Acid p h o s p h a t a s e  5 ° 50 

* Not  comple t e ly  soluble. 
** Also assayed  a t  p H  4.5, w i t h  s imi la r  resul ts .  

Biochim. Biophys. Aeta, 132 (1967) 454-471 
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the characteristic substrates for cathepsins B and C, Bz-L-Arg-amide and Gly-L-Phe- 
amide, respectively, was assessed qualitatively at pH 4. I, 5.3 and 7.5. The homogenate 
showed high activi ty against Gly-L-Phe-amide at pH 7.5, the act ivi ty being greater 
in the particulate fraction, but  there was only slight hydrolysis at the two lower pH 
levels. Bz-L-Arg-amide was not hydrolysed at any of these pH levels even in the 
presence of 0.05 M cysteine. 

Properties of the mitochondrial/lysosomat fraction 
The M fraction was resuspended in either 0.25 M sucrose (pH 6.8) or in the test 

medium for various physicochemical tests. Solubilization of the enzymes under the 
test conditions was determined by  recentrifuging at 14 ooo × g for 20 min and assay 
of both supernatant  (S) and precipitate (P), giving an estimate of total recovery as 
well as extent of solubilization. This was found to be important  in indicating loss or 
enhancement of act ivi ty through treatment.  Untreated M fraction was centrifuged 
and assayed at the same time. 

Freezing and thawing. Results are given in Table VII .  In contrast to the results 
obtained by other workers with liver and kidney particles, the maximum release of 

TABLE VII 

SOLUBILIZATION OF THYROID ENZYMES BY FREEZING AND THAWING 

Prepa ra t i on :  3o g pig  thy ro ids  homogen ized  in 6o ml  0.25 M sucrose.  Cent r i fuged  20 rain, 14 ooo × 
g. Prec ip i ta te  washed  wi th  60 ml  sucrose and  recentr i fuged.  Prec ip i ta te  su spended  in 6o ml  
sucrose and  sub jec ted  to f reezing and  thawing .  All samples  cent r i fuged  toge the r  20 rain, 14 ooo × g. 
Prec ip i ta tes  su spended  in t he  original vo l ume  a n d  all s amples  d ia lysed  prior  to assay.  

Treatment* % total activity released 

Acid A PAT Cysteinyl- d ¢id 
protease hydrolase tyrosine phosphatase 

hydrolase 

o io 6 28 9 
i 45 4 z 44 24 
2 52 44 52 25 
3 50 52 58 30 
6 55 54 67 4 ° 

* Figures given under Treatment refer to the number of times frozen and thawed. 

acid phosphatase was only 40% while that  of the proteolytic enzymes was usually 
higher, particularly cysteinyltyrosine hydrolase, 67% of which could be recovered in 
the soluble fraction. 

Dialysis. The M fraction was dialysed overnight at 4 ° against glass-distilled 
water. 38% acid protease, 27% APAT hydrolase and 41% acid phosphatase was 
solubilized. 

Sonication. Sonication of the M fraction suspended in o.25 M sucrose was carried 
out in a glass vessel in an ice-bath with the probe just under the surface of the sus- 
pension. Results are given in Table VI I I .  The four enzymes studied can be solubilized 
in this way, but APAT hydrolase required longer treatment.  I rain sonication con- 

Biochim. Biophys. Aaa, 132 (1967) 454-471 
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TABLE X 

E F F E C T  O F  T W E E N  2 0  O N  T H Y R O I D  P A R T I C U L A T E  E N Z Y M E S  

Preparation: As for Table VIII. No preincubation. Tween concentration on assay: As given in 
above table. 

Concentration A cid protease A P A T  Acid phosphatase 
of Tween 2o (milli-units/ml) hydrolase (milli-units/ml) 
(%) ( mi lli-units /ml ) 

o x883 4 ° 133 
o.I I65o 46 136 
i.o 667 46 14o 

s is tent ly  released little, if  any,  A P A T  hydrolase in contras t  to a release of up to 30% 
of bound  acid protease. 12 min  sonication caused some inac t iva t ion  of the enzymes 
studied, in par t icular  of acid protease and  phosphatase.  

Detergent action. (a) Tween 20 was added to the M fraction and  the suspension 
was centrifuged after s tanding  for 3 ° min  at either 4 ° or 37 °. As the results in Table I X  
indicate,  Tween 20 does not  readily solubilize the three enzymes studied, a marked 
effect being obta ined only at 37 ° and 1% Tween. The tota l  recovery of acid protease 

in the precipi tate and  superna tan t  was only 77 % tha t  of the original, suggesting in- 
ac t iva t ion  of the enzyme, whereas acid phosphatase was unaffected and  A P A T  
hydrolase was consis tent ly  act ivated by  both  Tween concentrat ions.  (b) Tween 20 
was added to the M fraction together with the substrate.  Consistent  with the results 
obta ined above, a slight act ivat ion of A P A T  hydrolase resulted whereas acid protease 
was inac t iva ted  (Table X). 

Incubation at p H  5.o and 6.8, 37 °. Results are given in Fig. 3. The enzymes under  
invest igat ion were released at approximate ly  the same rate. At  pH 6.8, the effect was 
relat ively slight whereas at pH 5.0 up to 80% of the enzymic ac t iv i ty  was soluble 
after 4 h incubat ion.  

Release was also s tudied at the pH of assay of A P A T  hydrolase and  acid 
protease. At these pH levels the effect was more marked.  At pH 4.1, 37% of A P A T  

lOC 

25 
~ 6c 
5 
~ 4c 

~ 2o 

% 3'o ~ 9b ~o 1 ~ o  
Incubotion time (rain) 

A 10(3 

8( 

60 

40 

20 
I 

q 3b o'o 6o ~£ ~ o  24o 2,1o 
Incubotion time (min) 

Fig. 3. Release of particulate enzymes at (A) pH 6.8 and (B) pH 5.0. Preparation: M fraction 
prepared as in MATERIALS AND MErI~ODS from an homogenate of 3 ° g pig thyroids in 6o ml o.25 M 
sucrose and resuspended in 6o ml of (A) o.25 M sucrose (pH 6.8) or (B) 0.25 M sucrose-I M sodium 
acetate-acetic acid (pH 5.o) and incubated at 37 ° as indicated in the figure. Suspension then cen- 
trifuged 2o min, 14 ooo X g and precipitate suspended in original volume of 0.25 M sucrose 
(pH 6.8). Supernatant and precipitate dialysed before assay. ©- -O,  acid protease; A - - A ,  
APAT hydrolase; x - - × ,  acid phosphatase; I1-- , ,  cysteinyltyrosine hydrolase. 
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Fig. 4. D i scon t i nuous  sucrose  g rad ien t  cen t r i fuga t ion .  P r epa ra t i on ;  3 ° g pig t hy ro ids  homo-  
genized in 60 ml  o.25 M sucrose.  F r a c t i o n a t i o n  as g iven  in ~ATERIALS AND METHODS. IV[ f rac t ion  
r e suspended  in 3 ° ml  lO% sucrose.  Grad ien t  d i scon t inuous :  20% to 6o0/o sucrose.  Sampl ing ,  
2,5-ml a l iquo ts  were collected for assay .  All a s sayed  w i t h o u t  dialysis.  Acid p h o s p h a t a s e  a s sayed  
af te r  f reezing and  t hawi ng  once. O - - O ,  acid pro tease ;  A - - A ,  A P A T  hydro lase ;  × . . . . .  x ,  
acid p h o s p h a t a s e ;  [Z]--E3, cys t e iny l ty ros ine  hydro lase .  

Fig. 5. C o n t i n u o u s  sucrose  g rad ien t  cen t r i fuga t ion .  P r e p a r a t i o n  as g iven  in Fig. 4. Grad i en t s :  
(A) 50% to  70% sucrose ;  (B) 20% to 60% sucrose.  Sampl ing :  i .o -ml  a l iqnots  were collected for 
assay .  Assay  as in Fig. 4. O - - O ,  acid p ro tease ;  A - - A ,  A P A T  hydro la se ;  x . . . . .  X, acid 
p h o s p h a t a s e ;  [ ~ - - [ 3 ,  cys t e iny l ty ros ine  hydro la se ;  , sucrose  concen t ra t ion .  

§ 30 
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.~. ! a 
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~ t, / ' .x....x ......... x 
N .×.....~ 
Ld 

2; 
mt Sucrose 

Fig. 6. D i s c o n t i n u o u s  g lycogen  g rad ien t  cen t r i fuga t ion .  P r epa ra t i on :  3 ° g pig  t hy ro ids  homo-  
genized in 6o ml  o.25 M sucrose.  M f rac t ion  p repa red  as in MATERIALS AND METHODS a n d  resus-  
pended  in 30 ml  o. 5 M sucrose.  Grad ien t  d i scon t inuous :  0.5 M sucrose  to  3o% g lycogen-o .5  M 
sucrose.  Sampl ing :  2.5-ml a l iquots  were collected for assay .  Assay  as in Fig. 4- O - - O ,  acid 
p ro tease ;  ~ - - A ,  A P A T  hydro lase ;  X . . . . .  X, acid p h o s p h a t a s e ;  [~--[S], cys t e iny l ty ros ine  
hydro lase .  
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hydrolase was released on standing for 30 min at 4 ° and 69% after incubating for 
16 rain at 37 °. At pH 3.5, the extent of solubulization of acid protease on standing 
at 4 ° for 30 min and after incubation for 16 min at 37 ° was similar (approx. 50%). 

Investigation of structure-linked latency. The M fraction was prepared as in 

18"61 A 

!1o. 1 
L 

.~ 11.2 ., 

e 8.9F 

5.6 

o g lb ~g 
Incubation time (rain) 

2 ' 5 - ~  
3O 

Q63 

0.45 

2 
~ 0.36 

~ 0.27 

0.18 

8" 0.09 
A Z 

B 

o 0.1; 

o . ' ~  OOE 

×/  _.~ 004 
8 

g ld ag 2b J5 ~ < °c 
Incubation time (rain) 

c 

o @ j x  
o t~ 

• ~ x 

Incubation time (min) 

Fig. 7. S t ruc tu re - l inked  la tency.  P repa ra t i on  : M f rac t ion  p repared  as in MATERIALS AND METHODS 
f rom a h o m o g e n a t e  o f  ioo g pig  thy ro ids  in ~2 vol. o.25 M s u c r o s e - i  % bovine  s e r u m  a lbumin .  
M f rac t ion  su spended  in 14 ml  o.25 M s u c r o s e - i  % bovine  s e r u m  a lbumin .  Assays  carr ied o u t  
wi th in  2 h of  p repara t ion .  Assay  procedure :  Acid pro tease  (A), I ml  haemoglob in  (pH 3.5) in- 
cuba ted  a t  37 ° wi th  (i) 0.2 ml  M f rac t ion  (ii) 0.2 ml  M fract ion,  d i lu ted  i :3. Tyros ine  equ iva l en t s  
released de t e rmined  as in genera l  a s s a y  procedure .  Acid p h o s p h a t a s e  (B), i ml  p -n i t r opheny l  
p h o s p h a t e - c i t r a t e  buffer  (pH 5.1) i ncuba t ed  a t  37 ° wi th  o.2 ml  M f rac t ion  or d i lu ted  M f rac t ion;  
zoo-/A samples  o f  t he  i ncuba t i on  del ivered in to  4 ml  o . i  M N a O H  a t  different  t ime  in te rva ls  for 
e s t ima t i on  o f  n i t rophenol .  A P A T  hydro lase  (C), o.o6 ml  A P A T  in o . i  M N a O H ,  0.54 ml  ace ta te  
buffer  (pH 4.1) and  o.2 ml  M or d i lu ted  M f rac t ion  i ncuba t ed  a t  37°; ioo-ffl s amples  t a k e n  a t  
va r ious  t ime  in te rva l s  and  reac ted  wi th  n inhydr in .  O - - Q ,  M f rac t ion;  O - - O ,  M f rac t ion  (9: io  
di luted),  o .1% Tween ;  × - - × ,  M fract ion,  d i lu ted  1:3; × . . . . .  × ,  M f rac t ion  (3:1o di luted) ,  
o.I % Tween.  

Biochirn. Biophys. Acla, 132 (1967) 454-471 
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MATERIALS AND METHODS, but was suspended in a very much smaller volume than 
normally used (o.14 vol. compared with o,8 vol,). Incubations were carried out for 
different t ime intervals as shown in Fig. 7. Comparison was made with results obtained 

0 / with a more dilute preparation (0.52 voh) and in the presence of o.~/o Tween. The 
time vs. activity curves for acid protease and phosphatase showed little, if an}', lag 
period but  addition of Tween enhanced activity, thus indicating some latency, 
especially at the higher particle concentration. The time vs. activity curves for APAT 
hydrolase indicated a lag period of 4 min or less. In addition, activity was increased 
by Tween. Demonstration of latency of particulate cysteinyltyrosine hydrolase ac- 
t ivi ty was not a t tempted  because of (a) the necessity for preincubation with Zn 21 at 
pH 5 and (b) the high zero time values due to the high extinction of the substrate 
and protein present. 

Sucrose gradient centrifugation. The M fraction was washed with o.25 M sucrose, 
centrifuged and resuspended in a volume of lO% sucrose equivalent t~ the original 
wet weight of glands used. 5 ml of this preparation was layered on to the gradient. 
Initially, discontinuous gradients were prepared as shown in Fig. 4. From these results 
it appeared that  the proteolytic enzymes under investigation were concentrated in 
identical layers whereas acid phosphatase was concentrated at lower sucrose levels. 
However, using continuous sucrose gradient centrifngation (Fig. 5) this discrepancy 
was not observed and it seems probable that  the enzymes are all located in particles 
of similar size and osmotic properties. This was further confirmed using a discontinu- 
ous glycogen gradient (Fig. 6). 

Distribution of enzymes in the rat thyroid 
Results of one experiment are shown in Table XI  together with maximum 

variation obtained in a number of others. In contrast to results obtained with pig 
thyroids, the distribution of acid protease (haemoglobin substrate) differs from that  
of acid phosphatase, the protease being located mainly in the soluble fraction while 
neutral protease occurs entirely in the particulate fraction. The pH curve obtained 

TABLE XI 

DISTRIBUTION OF ENZYMES IN THE RAT THYROID 

Preparation: 63rag rat thyroids homogenized in 4ml  o.25 M sucrose. Centrifuged 8omin,  
t i o  ooo X g. Pellet suspended in 4 ml sucrose. Number of experiments: Acid protease, 20; 
neutral protease, 16; APAT hydrolase, 20; cysteinyltyrosine hydrolase, 20; cathepsin A, i8; acid 
phosphatase, 20. 

Enzyme  % Distribution 

Particulate Soluble 

Acid protease* 28 (~- 7) 72 (~  7) 
N e u t r a l  protease* IOO (Z~2 3) O (7}2 3) 
APAT hydrolase 80 (+  13) 2o (-- 13) 
Cysteinyltyrosine hydrolase 30 (-t= io) 7 ° (q= io) 
Cathepsin A** 67 (-- 2o) 33 (+  2o) 
A c i d  phosphatase 47 (:~K I5 )  53 (JK I5 )  

* Assayed without prior dialysis. 
** Assayed with Z-L-Glu-L-Tyr as substrate. 
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with rat thyroid homogenate (haemoglobin substrate) was very similar to that with 
pig with optima at pH 3.9-4.5 and 6.4-7. 4. 

DISCUSSION 

The proteolytic "pH spectra" of homogenates obtained from pig and rat thyroid 
glands appear to be restricted to approximately one pH unit in both the acid and 
neutral range. The activity demonstrated with thyroglobulin as substrate at both 
pH optima is much lower than that with haemoglobin. However, this may merely 
indicate that the criterion of proteolytic activity utilized, namely, release of "tyrosine 
equivalents", although deliberately chosen for direct comparison, is less suitable when 
thyroglobulin is the substrate than that of release of the physiologically important 
iodoamino acids. 

The activity in the acid pH range is probably due to the well-characterized acid 
protease supplemented by peptidase action. As reported by MENZIES et al. 3, the pep- 
tidase APAT hydrolase will hydrolyse peptide fragments obtained by proteolysis of 
131I-labelled thyroglobulin by acid protease. This supplementary action could be a 
factor in the elevation of the pH optimum and in the higher percentage of particle- 
located activity when thyroglobulin is the substrate. While this paper was in prepara- 
tion, BALASUBRAMANIAM AND DEISS 26 published their results on the purification and 
properties of a lysosomal cathepsin D from beef thyroids. Their data also indicate 
no effect of-SH reagents on this enzyme from thyroid lysosomes. They imply that this 
lysosomal enzyme is latent and disruption in a high-speed homogenizer is essential for 
assay of total enzyme. However, even though the enzyme was particle-bound, we could 
detect no latency at the pH of assay and at the particle concentration normally used. 

The activity of pig thyroid homogenates determined using haemoglobin as 
substrate at pH 7.5, in contrast to that at pH 3.5, is located mainly in the soluble 
fraction whereas with thyroglobulin as substrate the activity at pH 7.5 is almost 
entirely in the particulate fraction, suggesting the presence of at least two enzymes. 
BALASUBRAMANIAM AND DEISS ~8 are of the opinion that activity of beef thyroid homo- 
genates with urea-denatured haemoglobin as substrate at pH 7.5 is artifactual and is 
due to release of nucleic acids presumably from the homogenate. However, the marked 
difference in amount of tyrosine equivalents liberated from haemoglobin and thyro- 
globulin in our work does not support this assumption with respect to pig thyroid 
homogenates. It would appear that this activity at pH 7-5 (thyroglobulin substrate) 
is distinct from that described by PASTAN AND ALMQVIST s,27 in the particulate fraction 
of rat thyroid homogenates. The latter enzyme which hydrolysed 125I-labelled thyro- 
globulin (approx. 50% reduced) showed an absolute dependence on high KC1 concen- 
tration. In our work no KCI was added. In contrast to our results with pig thyroid 
homogenates, the activity of rat thyroid homogenates (haemoglobin substrate) at 
pH 7.5 is confined to the particulate fraction. In a preliminary experiment, hydrolysis 
of 131I-labelled thyroglobulin (as measured by release of lali soluble in IO % trichloro- 
acetic acid) was detected only at pH 3.5 with no hydrolysis at pH 7-5- The latter result 
is consistent with that obtained by PASTAN AND ALMQVIST8# 7 since neither KC1 nor 
mercaptoethanol was added. 

The distribution ofpeptidase and protease activity as determined in our experi- 
ments may reflect a true picture of the distribution in the intact thyroid follicle. How- 

Biochim. Biophys. Acta, 132 (1967) 454-471 



470 P. JABLONSKI, M. T. MCQUILLAN 

ever, it is most probable that  considerable damage has been done to subcellular 
organelle~ during the preparation, particularly since thyroid tissue is difficult to homo- 
genize. The enzymic a: ' t ivity detected in the particulate fraction must therefore be 
regarded as a minimum. I t  should also be remembered that  the soluble fraction com- 
prises follicular colh)id as well as cytoplasmic soluble fraction. However, certain 
differences in the distribution of the enzymes studied have been established. Tile 
peptidases APAT hydrolase, cathepsin A and, to a slightly smaller extent, cysteinyl- 
tyrosine hydrolase are located predominantly in the particulate fraction whereas acid 
protease and phosphatase are distributed equally between the particulate and soluble 
fractions. There are several possible explanations for this difference in behaviour. Tile 
former group of enzymes may  be located either in a particle which is more stable t() 
homogenization or in the membrane which co-precipitates with the intact particle on 
centrifugation after disruption. On the other hand there may be actually a higher 
percentage of the lat ter  enzymes in the cytoplasm and/or the colloid. I)>: ROBERTIS l, 
using a micromanipulative procedure, claimed that  acid protease is present in the col- 
loid of the thyroid follicle. However, WETZEL, SPICER AND WOLLMAN l'a, as well as 
other workersl°, 11, were unable, by histochemical techniques, to detect acid phos- 
phatase in luminal colloid but only in intracellular colloid droplets. Leucine amino- 
peptidase is located essentially in the soluble fraction although at least 20% is partic- 
u l a t e - m a i n l y  in the nuclear fraction which would also contain unbroken cells. 
Carboxypeptidase also appears to be mainly in the soluble fraction. The distribution 
of proteolytic activity at neutral pH has already been discussed. 

At tempts  to demonstrate differences in the stability of the particles containing 
the enzymes were, in general, unsuccessful. Although the various procedures, e.g. 

freezing and thawing, dialysis, detergent action and incubation at acid pH, differed 
in the efficiency of solubilization, all of the enzymes studied, with the exception of 
APAT hydrolase, were affected to a similar extent. This peptidase appears to be more 
resistant, especially to sonication. I t  should be noted, however, that  these studies 
were, of necessity, carried out on the most stable particles, namely, those which had 
withstood homogenization. 

Sucrose and glycogen gradient centrifugation yielded very similar distribution 
patterns for the enzymes. However, electron micrographs indicated that  enzyme-rich 
fractions from sucrose gradient centrifugation were not homogeneous but included 
mitochondria, endoplasmic reticulum and debris as well as lysosomes. 

Structure-linked latency, which is a general property of lysosomal enzymes, 
could not be demonstrated at the particle concentration normally used although at 
higher concentrations some latency was apparent.  A complicating factor is that  the 
assay conditions for these enzymes favour autolysis of the particles. 

We cannot conclude that  the enzymes studied are definitely of lysosomal origin, 
although the very similar distribution of acid phosphatase and the properties of the 
particulate fraction would suggest this to be the case. The differential release of 
proteolytm enzymes from the lysosomes may  be an important  factor in the control of 
thyroglobulin breakdown. The initial proteolysis may occur within the thyroid lumen, 
possibly with the release of large peptides, but further breakdown most probably 
takes place within the cell. On the other hand, the entire process may  occur within the 
cell. Work in progress is directed towards the solution of this problem. The influence 
of thyroid status on the process of proteolysis is also under investigation. 
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