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ABSTRACT 

Secretory granules from anterior pituitary glands of young adult male castrate rats were 
isolated by differential centrifugation, microfiltration, and discontinuous density gradient 
centrifugation. The granules wcre obtained as pellets, sectioned, and studicd with the elec- 
tron microscope. A major part of the gonadotropin and a substantial amount of the TSH 
were associated with the isolated granules. Negligiblc amounts of growth hormone and 
prolactin were present as contaminants. Succinic dehydrogenasc, glucosc-6-phosphatase, 
acid protease, and acid and alkaline phosphatascs were not found in the granules. Alkaline 
proteasc was the only enzyme found to be associated with the granules, and it is suggested, 
in the light of these results, that the alkaline protease may be involved in the release of 
the hormones. 

I N T R O D U C T I O N  

Electron microscope studies of anterior pituitary 
glands from rats by Farquhar and co-workers 
(1-5) have shown that the two representative 
cell types, acidophils and basophils, contain 
secretory granules of a specific maximum diam- 
eter. Certain of the acidophilic cells contain 
350-m# and others 600-m# secretory granules 
reported to be associated, respectively, with 
growth and lactogenic hormones, while the two 
basophilic cell types have granules 140 m# 
(thyrotropin) and 200 m/.t (gonadotropins) in 
diameter (6). 

The separation of pituitary cytoplasmic par- 
ticulates into various fractions and the determina- 
tion of the hormones associated with them have 
been the objective of several workers employing 
differential centrifugation procedures similar to 
those used by Hogeboom et al. (7) for the prepa- 
ration of liver particulates. These pituitary 
studies (8-20) were done with glands from dif- 

ferent species, using different homogenizing 
media, and different times and speeds of centrif- 
ugation. The results of these studies are of in- 
terest in that they provided information con- 
cerning the hormonal activities of the fractions. 
The degree of purity of these fractions was not 
established and, as a consequence, generalizations 
cannot be made as to the specific particulates 
with which the hormonal activities are associated. 
In a recent study, however, Hartley et al. (6, 21), 
using differential centrifugation, microfiltration, 
and isopycnic gradient centrifugation succeeded 
in isolating highly purified granules, 200 m# 
in diameter, from anterior pituitary glands of 
castrate rats. A substantial amount of the original 
homogenate's gonadotropic hormone activity was 
associated with these granules. 

The present report is concerned with the ex- 
tension of this work, in that a shorter procedure 
was developed for obtaining the granules, young 
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a d u l t  m a l e  ra ts  i n s t ead  o f  d i sca rd  b reede r s  were  

u sed  af ter  c a s t r a t i on  as the  source  of  the  p i t u i t a r y  

g l ands ,  a n d  the  h o r m o n a l  a n d  e n z y m a t i c  ac-  

t ivit ies of  t he  g r a n u l e  a n d  o t he r  p a r t i c u l a t e  frac-  

t ions  were  s tud ied .  

M A T E R I A L S  A N D  M E T H O D S  

Preparation of Homogenates 1 

A h o m o g c n a t e  conta in ing  50 m g  of fresh tissue 
per  ml  of  0.25 M sucrose and  7.3 per  cent  polyvinyl-  
pyrrol idonc (PVP) was prepared ,  as described 
previously,  f rom anter ior  p i tu i ta ry  g lands  of male  
castrate  rats  (21). 

Differential Centrifugation and 
M icrofiltration 

T h e  homogena tes  were f ract ionated in the  mul t i -  
speed head  of a refrigerated In te rna t iona l  Centr i fuge 
(IC) a t  4°C by a modif icat ion of the  me t hod  repor ted 
by M c S h a n  atld M eye r  (10). T h e  whole homogena t e  
(WH) was centr i fuged at  275 g for 10 minutes .  T h e  
pellet (NF) con ta in ing  nuclei,  red blood cells, and  
whole and  broken cells was saved for assay. T h e  
result ing supe rna t an t  ($1) was filtered t h rough  a 
series of Mill ipore filters hav ing  pore d iameters  of  
5.0, 1.2, 0.8 and  0.65 b~. 

T h e  filter wi th  5.0 ~ pores was placed in a "Swinny  
hypodermic  adap te r , "  washed  with 0.88 M sucrose, 
and  fastened to a 5.0 ml  Luer -Lok syringe conta in-  
ing the  St. Fil trat ion was accomplished by pu t t ing  
l ight  pressure on the  p lunger  of the  syringe and  
filtering into a centr ifuge tube. This  procedure  was 
repeated bu t  each t ime  wi th  a filter of  decreasing 
pore diameter .  T he  used filters were dissolved in a 
small  a m o u n t  of  acetone, di luted with 0.9 per cent  
sod ium chloride, and  assayed. 

The  filtered $1 (FS1) was centr i fuged at 4,400 g 
for l0 minutes .  T h e  supe rna t an t  ($2) was decanted  
and  the  large granule  (LG) pellet obta ined  was 
fixed for electron microscopy or resuspcnded in the  
homogen iz ing  m e d i u m  for biological and  enzyme  
assays. 

T h e  $2 was filtered th rough  dry Mill ipore filters 
with pore diameters  of 0.45 and  0.3 ,u. T h e  filtrate 
(FS¢) was centr i fuged in the  swinging bucket  rotor 
(SW-39L) in the  Spinco Model  L Ul t racentr i fuge  
at 100,000 g for 60 minutes .  T h e  pellet (FS2SP) was 

1 T h e  young  adul t  male  rats  used as the  source of 
p i tu i ta ry  tissue were suppl ied by the  Endocr ine  
Laboratories ,  Madison,  Wisconsin,  and  by  the  De- 
p a r t m e n t  of Biochemistry of the  Univers i ty  of Wis-  
consin. W e  thank  the  E n z y m e  Inst i tute,  Madison,  
Wisconsin,  and  Merck  & Co., R a h w a y ,  New Jersey,  
for providing the  coenzyme Q2. 

fixed for electron microscopic observat ion or re- 
suspended  and  assayed. 

Discontinuous Gradient Centrifugation 

T h e  choice of a d iscont inuous gradient  was m a d e  
on the  basis of results ob ta ined  by H y m e r  (22) in 
which  a grad ien t  of this k ind  was used to p repare  
acidophilic granules  f rom anter ior  p i tu i ta ry  g lands  
of n o r m a l  male  rats. T h e  gradient  used  in this work 
consisted of 2.5 ml  of 0.44 M sucrose conta in ing  17.5 
per cent  Diodrast  (the d ie thano lamine  salt of  3 ,5 -  
di iodo-4-pyridone-N-acet ic  acid) and  5 X 10 -4 M 
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diametera of 5.0, 1.2, 0. B, and 0.65 ~; and 
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1.0 ml layered over At. 

FIGURE I 

lllllJ 
. . . . . . . . . . . . . . . .  22,00060 rain. g 

. j "  

- - S 2 A  
~ S 2 B  

~ - -  $2C 
" ~ -  S2D 

~ S 2 E I  

- -S2E2  

Procedure  for the  fract ionat ion of homogena tes  f rom 
anter ior  p i tu i tary  glands  of castra te  rats. Des ignat ion  
of fractions: W H - - W h o l e  homogena t e  (50 m g  F T  
per  ml) ;  N F - - N u c l e a r  fract ion;  L G - - L a r g e  granule ;  
S I - - S u p e r n a t a n t  275 g; S 2 - - S u p e r n a t a n t  4,400 g; 
A 1 ~ . 4 4  ~ Sucrose; A2--1.31 M Sucrose (both A1 
and  A2 conta ined  17.5 per  cent  Diodras t  (Diodon) 
and  5 X 10 -4 M Versene)  ; S2A-S2E2 represent  layers 
ob ta ined  on the  d iscont inuous  g rad ien t  by eentr i fuga-  
tion. 

Versene which  was layered over 0.5 ml  of  1.31 M 
sucrose conta in ing  the  same a m o u n t s  of Diodras t  and  
Versene. These  solutions were ad jus ted  to p H  7.4. 
(In Fig. 1 the  t rade  n a m e  Diodon is used in place of 
Diodrast .)  

O n e  ml  of the  above filtered $2 (FS2) was layered 
on this gradient  and  centr i fuged at  22,000 g for 60 
minutes  in the  SW-39L rotor. T h e  layers (Fig. 1) 
S2A th rough  $2E2 were removed  f rom the gradient ,  
assayed, or di luted wi th  0.88 M sucrose and  centri-  
fuged at  100,000 g for 1 hour  to give a pellet (SP) 
and  a supe rna t an t  (SS). T h e  pellets were fixed for 
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electron microscopy or used  for assays along wi th  
the  supe rna t an t  solutions. 

Biological Assays 

GONADOTROPIN : T h e  gonadot ropic  ho rmone  
activity of each fraction was de te rmined  in 21-day- 
old n o r m a l  female rats of  the  H o l t z m a n  strain. T h e  
basis of  the  assay is the  increase in the  weight  of  the  
ovaries (10). 

Hypophysec tomized  male  and  female rats were 
also used for the  gonadot ropic  assay of certain of  the  
fractions. These  rats were ob ta ined  at  25 days of age, 
hypophysec tomized  at  27 days of age, and  0.5 ml  
injections of the  sal ine-di luted fractions were m a d e  
twice daily for 4.5 days beg inn ing  on the  af ternoon 
of day  29. T h e  an imals  were killed on the  m o r n i n g  
after the  last injection and  the ovaries, testes, ven-  
tral  prostates, seminal  vesicles, and  adrenals  were 
removed  and  weighed.  T h e  an imals  were checked 
for completeness  of hypophysec tomy  by visual ex- 
amina t ion  of the  sella turcica. 

OTHER HORMONES: T h e  t ibiae f rom the  above 
hypophysec tomized  rats were removed,  fixed, 
s tained,  and  used for the  es t imat ion of the  g rowth  
ho rmone  content  of the  fractions, essentially accord- 
ing to the  m e t h o d  of Greenspan  et al. (23). Because 
the  control  wid th  of 217 # is h igher  t h a n  tha t  re- 
por ted in the  l i terature,  possibly reflecting a change  
in procedure,  the  da ta  are also expressed as per cent  
increase above tha t  of  the  control. T h e  me thod  in- 
volving in t radermal  injections over the  crop glands 
of pigeons reported by Lyons  and  Page (24), as 
modif ied by Bre i tenbach and  Meyer  (25), was used 
to assay the  prolact in con ten t  of the  fractions. The  
degree of g land  s t imula t ion  was es t imated on a 
ra t ing  scale of negat ive  to four plus. T h e  m e t h o d  of 
M c K e n z i e  (26), as modif ied by Schuetz et al. (27), 
was used for de te rmin ing  the  thyrot ropin  (TSH)  
activity of  the  ra t  pi tui tary fractions. T h e  basis of 
this m e t hod  is the  de te rmina t ion  of the  per cent  
increase of blood I TM in no rma l  rats  after an  intra-  
venous injection of the  u n k n o w n  fraction. 

Biochemical Determinations 
PROTEIN: T h e  protein content  of  the  fractions 

was de te rmined  by the  biuret  m e t h o d  of Gornal l  
et al. (28), us ing beef s e rum a l b u m e n  as a s tandard ,  
modif ied by the  inclusion of 0.03 per  cent  sod ium 
desoxycholate.  T h e  volumes of the  reagents  were 
reduced  so tha t  0.025 ml  of fractions could  be ana -  
lyzed in a total  vo lume of 1.0 ml. T h e  results are 
expressed as m g  of protein per  ml  of fractions di luted 
to their  original  volumes.  

PROTEASE: T h e  m e t h o d  of de te rmin ing  the  
protease activity of  the  fractions was a modif icat ion 
to a micro  scale of  the  m e t h o d  originally reported 
by Anson  (29), as modif ied by Meyer  and  Clifton 

(30). T h e  incuba t ion  m e d i u m  consisted of 0.72 
per  cent  dena tu red  hemoglobin  buffered at  p H  
3.8 in 0.074 M citrate and  at  p H  8.3 in 0.015 M glycyl- 
glycine. T h e  substra te  (0.5 rnl) was placed in a 1.0 
ml  Misco glass centr ifuge tube  with 0.05 ml  of the  
pi tu i tary  fraction and  incuba ted  in a Dubnof f  shaker  
for 60 minu tes  at  38°C. T h e  react ion was s topped 
by the  addi t ion of 0.15 ml  of 9.9 M perchloric acid 
(31). T h e  coagula ted  protein was removed  by centrif-  
uga t ion  and  the  optical densi ty of the  supe rna t an t  
fraction was de te rmined  at 278 In# in a Beckman  
D U  spect rophotometer .  T h e  control  values were 
obta ined  by add ing  the  acid to the  subst ra te  before 
its incubat ion  wi th  the  p i tu i ta ry  fraction. T h e  results 
are expressed as #g  of tyrosine l iberated per  m i n u t e  
per ml  of the  fraction less the  control  value. Because 
of the  variabil i ty in these and  the  other  enzyme  
assays the  de te rmina t ions  were m a d e  in qu in tup le t  
and  repeated  3 to 5 t imes to obta in  the  final m e a n  
value. 

P H O S P H A T A S E  : T h e  m e t h o d  of analysis for 
inorganic  phosphorus  wi th  sod ium beta-glycero-  
phospha te  as the  substrate ,  repor ted by Dryer  et al. 
(32), was used for the  de te rmina t ion  of the  acid 
(pH 4.6) and  the  alkaline (pH 9.3) phosphatases  of  
the  p i tu i ta ry  fractions. T h e  m e t h o d  was modif ied 
by decreasing the  a m o u n t  of each reagent  so tha t  
incubat ion  could be carr ied out  in 1.0 ml  Misco 
glass centr ifuge tubes  wh ich  were shaken for 30 
minu tes  at  38°C. T h e  results in these and  the  glu- 
cose-6-phosphatase  assays are expressed in /zg of  
phospha te  l iberated per  m inu t e  per  ml  of p i tu i ta ry  
fraction. 

GLUCOSE-6-P HOSPHATASE : T h e  procedure  of 
Swanson (33) was used to de termine  glucose-6- 
phospha tase  activity. T h e  fractions,  0.025 ml ,  were 
incuba ted  in Misco glass centr ifuge tubes  for 30 
minutes  at  38°C in 0.025 ml  of 0.1 M glucose-6- 
phospha te  and  0.075 ml  of 0.1 M malic  acid buffer  
of p H  6.5. T h e  react ion was s topped by the  addi t ion 
of 0.5 ml  of 15 per  cent  tr ichloroacetic acid, and  the  
increase in the  inorganic  phospha te  was de termined.  

S U C C I N I C  D E H Y D R O G E N A S E  : T h e  micro indophe-  
nol m e t h o d  of Ziegler (34) was used to de te rmine  
the  succinic dehydrogenase  activity of the  pi tu i tary  
fractions. T h e  results are expressed as #moles  of  
succinate  oxidized per  m inu t e  per ml  of  p i tu i ta ry  
fraction. 

Elec t ron  M i c r o s c o p e  Procedures  

T h e  pellets obta ined  dur ing  the  fract ionat ion 
were fixed overnight  in the  homogen iz ing  m e d i u m  
conta in ing  1 per cent  o s m i u m  tetroxide (35). In tac t  
p i tu i ta ry  tissue was fixed for 2 hours  at  0°C in 
Palade fixative at  p H  7.4. T h e  pellets and  intact  
tissue were dehydra t ed  in a series of  me thy l  alcohol 
solutions of increasing concent ra t ions  and  e m b e d d e d  
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in either methacrylate (6) or Araldite (36). Thin 
sections were prepared on the Porter-Blum ultra- 
microtome, placed on carbon or formvar films and 
studied in the Philips EM-?5B electron microscope. 
The sections in Araldite were stained with potassium 
permanganate (37) prior to examination in the 
microscope. 

Distribution Frequency of Sectioned 

Secretory Granules 

The presence of two distinct populations of secre- 
tory granules was determined by measuring the 
diameters of the sectioned granules in randomly 
selected areas. The measurements were made from 
electron micrographs of similar magnification and 
enlargement. The data were plotted as the per cent 
distribution of the diameters of the granules in the 
isolated pellet, and in intact thyrotropes and an 
intact gonadotrope. 

T A B L E  I 

Gonadotropic Hormone Activity of Pituitary Glands 
from Young Adult and Old Breeder Castrate Rats 

Ovarian weights 
WH 

Young adult rats Old breeder rats 

(mg FT*) (mg) (mg) 

1.0 31 4- 2.7:~ (3)§ 19 4- 0.2 (3) 
3.0 85 4- 7.2 (3) 44 4- 6.8 (3) 
5.0 166 4- 27.8 (3) 73 4- 2.0 (3) 

10.0 240 =tz 23.5 (3) 211 -4- 19.1 (3) 

* Indicates fresh tissue in this and subsequent tables. 
~: Standard error of mean. 
§ Figures in parentheses in this and subsequent 
tables indicate number of animals used or deter- 
minations made. 

R E S U L T S  A N D  D I S C U S S I O N  

Gonadotropic Hormone Activity of Young 

Adult and Old Breeder Castrate Rats 

The results of preliminary studies using the 
fractionation procedures of Hartley et al. (6, 21) 
and young adult castrate male rats indicated that 
large amounts of the gonadotropic hormone were 
solubilized, and that considerable amounts were 
scdimentcd with the particulates of the LG frac- 
tion. In  this respect the results differed from those 
reported by Hartley et al. (6, 21) using old breeder 
castrate animals. Because of this difference the 
pituitary glands from the two kinds of animals 

were assayed for gonadotropic hormone activity. 
The  results (Table I) indicate that the glands from 
the young castrate rats at the lower dose levels 
were almost twice as active as those from the 
old breeder castrate males. This difference may 
account for the patterns obtained with the glands 
from the two groups of animals during fractiona- 
tion. In view of this, the method was modified to 
obtain a highly purified granule fraction using 
pituitaries from the young adult castrate animals. 

Development of a Method for 

Fractionation of Pituitary Homogenates 

The procedures illustrated in Fig. 1 were de- 
veloped and used consistently for the preparation 
of a highly purified sample of secretory granules 
from the pituitary glands of young adult cas- 
trate male rats. The distinguishing features ot 
this method as compared to previous methods 
(6, 10, 21) are microfiltration of the S1 and Se 
fractions prior to centrifugation and the use of 
the discontinuous gradient. 

The filtration of the $1 with Millipore filters 
of decreasing pore diameters removed cellular 
particulates not sedimented with the nuclear 
fraction (NF). The removal of these particulates 
permitted the centrifugation of the filtered Sl, 
to give the large granule (LG) and the $2 frac- 
tions, to be carried out in 10 minutes rather than 
the 20 minutes used in earlier studies (6, 10, 21). 
The amount  of gonadotropin remaining on the 
filters was negligible (Table II)  and that in the 
LG fraction was found now to be less than with 
the previous procedures. 

I t  was observed in the early stages of this work 
that filtering the $2E1 layer from the discon- 
tinuous gradient with filters having pores 0.45 
and 0.3 # in diameter resulted in the removal of a 
major part  of the activity. This retention of 
activity on the filters may be due to the diffusion 
of Diodrast into the particulates and their con- 
comitant swelling. For this reason the supernatant 
fraction ($2) was filtered before it was placed on 
the discontinuous gradient which contained 
Diodrast. When this procedure was used, the 
amount  of gonadotropic activity retained on the 
filters was negligible as shown by the assay data 
in Table  II.  

The  discontinuous gradient made with two 
different concentrations of sucrose, each con- 
taining Diodrast and Versene, has consistently 
formed the layers S:A through S~E~ (Fig. 1) when 
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FIGURE 
An electron micrograph of a thin section from the anterior pituitary gland of a young adult male 
rat castrated for l0 weeks. The basophilic gonadotrope present in this section shows mainly secretory 
granules less than 200 m~ in diameter, and a high degree of vesiculation. )< 7,500. 

1 ml of the FS2 (filtered $2) was placed on it and 
centrifuged at 22,000 g for 60 minutes. 

Electron Microscopy of Intact Cells 
and Fractions 

The pituitary basophilic cell shown in Fig. 2 
is from a young male rat castrated for l0 weeks. 
The gonadotropic hormone produced by this 
cell type is associated with 200-mtt (maximum 
diameter) secretory granules (2, 21). Vesiculation 
occurs to some degree within this cell and, with 
lengthened periods of castration, "signet-ring" 
cells are often formed (2). 

The filtered $2 pellet (FS2SP) obtained by fil- 
tering the $2 through Millipore filters with pore 
diameters of 0.45 and 0.3 # and centrifuging at 
100,000 g for 60 minutes contains secretory 
granules, mitochondria, and vesicular elements 
(Fig. 3). The majority of the granules (Fig. 4) 
were less than 200 m/~ in diameter. 

The particulates in the layers $2C through 
S~E2 were recovered as pellets by high-speed 
centrifugation and studied with the electron 
microscope. The section of the $2C pellet (Fig. 5) 
shows mainly small vesicles and a few secretory 
granules. Numerous granules, the largest having a 
diameter of 170 m/~, along with membranous 
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FIGURES 3 AND 4 

Electron micrographs of sections from different lcvels of the filtered $2 pellet showing acidophilic 
(a) and basophilic (b) secretory granules, mitochondria (m), and vesicles (Fig. 3). Fig. 4 is an area 
in the pellet containing predominantly secretory granules. The acidophilic granules, of which the 
largest (a) has a diameter of 280 m~t, are easily distinguished from the more numcrous basophilic gran- 
ules. Fig. 3, X 16,000. Fig. 4, X 18,000. 

elements are present in the S2D pellet (Fig. 6). 
Secretory granules and composite units tenta- 
tively identified as broken and swollen mitochon- 
dria are shown in the section of the S2E~ pellet 
(Fig. 7). The majority of these granules are prob- 
ably from acidophils. 

The pellet (S2ExSP, Figs. 8 and 9) consists of 
secretory granules with some fine contaminating 
membranous material. The  percentage dis- 
tributions of the diameters of sectioned secretory 
granules from the isolated pellet, the intact 
thyrotropes and gonadotrope are shown in Fig. 
I0. The diameters of the T S H  granules are uni- 
modally distributed over a range of 40 to 160 
m# with a maximum at 80 m~. The diameters 
of gonadotropin granules also appear to be uni- 

modally distributed, having a range of 40 to 180 
m/z with a maximum at 120 m#. The  diameters 
of the granules in the pellet (S~ExSP) are bi- 
modally distributed with maxima at 80 and 120 
m# and a range of 40 to 190 m#. These results, 
which indicate that two distinct populations of 
secretory granules are present in the isolated 
fraction, agree with the assays for T S H  and 
gonadotropin discussed in the next section. 

Hormonal Activities of the Pituitary 
Fractions 

G O N A D O T R O P I N S  (FSH A N D L H ) :  Gona-  
dotropic hormone assays in normal female rats 
indicated that small amounts of activity were 
associated with the nuclear and LG fractions, and 
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a negligible amount with the filters (Table II). 
The major portion of the gonadotropin of the 
whole homogenate (WH), about 70 per cent, 
was found in the filtered $2. The gonadotropic 
activity was distributed among the layers S2A 
through S~Ea after centrifugation of the filtered 
$2 on the discontinuous gradient, but the greater 
part of it was found in the S2E1 layer. The frac- 
tions S ~  through SaD and the $2E2 contained 
little activity. The hormone in the S~A layer 
represents that solubilized during fractionation 
as well as that in a soluble form in the intact 
gland. 

The gonadotropic activity of the above frac- 
tions was also determined in hypophysectomized 
male and female rats. The major part of the ac- 
tivity was found in the S2E1SP when assayed in 
the female (Table II). The assays carried out in 
the male, however, gave variable results. The 
increase in the weights of the testes, an indicator 
of FSH, showed activity not only in the SaE1SP 
but also in the LG, S~A, and SaD fractions. The 
increase in weight of the ventral prostate (VP) 
and the seminal vesicles (SV) indicated the pres- 
ence of luteinizing hormone in the NF, LG, 
S~A, S2D, and the $2E1 fractions. It is likely that 
the LH activity found in these fractions reflects 

contamination with particulates from pituitary 
glands of animals with a high level of LH. 

G R O W T H  H O R M O N E  (GH) :  The fractions 
shown in Table I I I  were assayed for growth 
hormone by the increase in the width of the epi- 
physeal plate. The active SaE1SP contained a 

small amount of growth hormone as did some of 
the other fractions, especially the S2A. The 
presence of large amounts of this hormone in the 
soluble fractions reported previously by Ziegler 
and Melchior (13) and by Reid and Segaloff 
(15) may be due to the hormone's being in the 
soluble form in the intact gland and/or to its 
solubilization during fractionation. 

L A C T O G E N I C  H O R M O N E :  Lactogenichor- 
mone activity was found to be low in the S2EISP 
(Table III)  whereas in the S2E2SP it was sub- 
stantial in amount. 

T H Y R O T R O P I G  H O R M O N E  ( T S H ) :  The 
TSH activity, in milliunits, was determined in the 
WH, S2D and the SaE1SP (Table III). The 
S~ExSP contained approximately one-third and 
the S2D about one-fifth of the TSH activity 
found in the WH. Brown et al. (19) have reported 
that TSH is associated with the mitochondria. 
This observation is not supported since the active 
S2EISP containing TSH has been assayed for 
the presence of succinic dehydrogenase and none 
was found. In view of this, it is more likely that 
TSH is associated with the secretory granules, 
an opinion which is supported by the observation 
that thyroidectomy in the rat causes hyperplasia 
of pituitary basophils containing secretory gran- 
ules 140 m/z in diameter (3). 

Biochemical Properties of the Pituitary 

Fractions 

i, R o T ~ I N. The values for the protein con- 
tent of the various fractions (Table IV) agree 

FIGURE 5 

An electron micrograph of a section from the $2C pellet obtained by removing the $2C 
layer from the sucrose-Diodrast-versene discontinuous gradient and centrifuging it at 
100,000 g for 60 minutes. This layer contains mainly membranes, tentatively identified 
as microsomes, and a few small granules. X 12,000. 

FIGURE 6 

An electron micrograph of a section from the pellet obtained from the S2D layer. Baso- 
philic secretory granules, the largest having a diameter of 170 m#, and membranous 
material are found in this fraction. )< 18,000. 

FIGURE 7 

A section of the pellet (S2E2SP) from the S2E~ layer showing secretory granules, the 
largest an acidophil having a diameter of 460 m#, and particulates suggestive of mito- 
ehondria. X 18,000. 
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FIGURE 10 

The diameter distribution of secretory granule sections 
from randomly selected areas of a thyrotrope, gonado- 
trope, and the isolated secretory granule pellet S~EISP. 
The distribution curve for the sectioned gonadotrope 
granules lies within the stippled area with granules of 
122 m/~ in diameter being most frequently observed. 

with results reported by other workers (11, 13). 
The  protein value obtained for the active granule 
fraction (S~E1SP), although small, is a maximum 

one since this pellet contains Diodrast which 
reacts with the biuret reagent. 

G L U C O S E - 6 - P H O S P H A T A S E :  The activity 
of glucose-6-phosphatase, known to be associated 

exclusively with microsomal material (38), was 
determined on certain of the fractions (Table 
IV). The  presence of a small amount  of this 

enzyme in the active S2E1SP indicated slight 
contamination of this fraction with microsomal 
material. 

S U C C I N I C  D E H Y D R O G E N A S E :  The  

S~ExSP was free of enzyme activity (Table IV), 

indicating the purity of this fraction with respect to 
mitochondrial  contamination since Hogeboom et al. 

(7) showed that succinic dehydrogenase is asso- 
ciated with the mitochondria. The  effectiveness 
of microfiltration with Millipore filters as com- 

pared to differential centrifugation for the re- 
moval of mitochondria from fraction $1 was 
demonstrated in this study. 

P H O S P ~ A T A S E :  The sum of the acid and 
alkaline phosphatase activities found in the pitui- 
tary fractions (Table V) was essentially the same 
as that found in the starting homogenate (WH). 
Alkaline phosphatase was not found in the S2E1SP 
but there was present a slight amount  of acid 
phosphatase. The  latter might have been caused 
by contamination with lysosome-like material 
since acid phosphatase has been shown by de 
Duve et al. (39) to be associated with this cyto- 
plasmic particulate. Kuff  and Dalton (40) also 
found this enzyme in the Golgi complex of the 
rat epididymes. Sobel (41) has shown by histo- 
chemical methods that there is an increase in 
acid phosphatase in stimulated rat pituitary 
thyrotropes. He concluded that this, too, ap- 
peared to be located in the Golgi complex. I t  is 
more likely, therefore, that the enzyme activity 
found in S2EtSP is not that of lysosomal con- 
tamination but rather that of the Golgi complex. 

P R O T E A S  E S : The protease activities of the 
fractions were determined at pH 3.8 and 8.3 
(Table V). The activity of the soluble S ~  could 
not be assayed because of the presence of substan- 
tial amounts of Diodrast which absorbs at 278 
m#. Luck (42) found that Diodrast inhibits 
liver transferase, but it did not influence the 
activity of the enzymes reported in this study. 
Acid protease was present in all the fractions 
except the S~E1SP. This lack of activity substan- 
tiates the opinion that the S2E1SP is not con- 
taminated with lysosomes since de Duve et al. 
(39) found an acid pH-dependent  protease with 
these cytoplasmic particulates. 

Alkaline protease was present in the S~EISP 
and is the only enzyme found in this fraction in 
appreciable amounts (Table V). This suggests 
that the alkaline protease is either associated with 
the secretory granules or is adsorbed on them 
during their preparation. If  the former is the 
case, this protease may play a role in hormone 

FIGURES 8 AND 9 

Electron micrographs of sections through the pellet (S2EISP) obtained from the discon- 
tinuous gradient. Present in this fraction arc small secretory granules representing two 
distinct granule populations (TSH and gonadotropin) and some fine membranous 
contamination. Fig. 8, X 8,000. Fig. 9, X 30,000. 
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T A B L E  I I I  
Growth, Lactogenic, and Thyrotropic Hormone Activities of Rat Pituitary Fractions 

Fraction 

Hormone 

Growth 
Epiphyseal plate 

Lactogenic 
Dose % above Crop gland rating 

mg eq FT ~ control 0 to 4 
Thyrotropic 

milliunits 

Control  Saline 217 4- 10 (41) 
WH 2.5 385 -4- 9 (33) 77 

5.0 420 4- 12 (25) 93 
10.0 381 -4- 11 (21) 76 1.3 (3) 
20.0 398 -4- 11 (33) 83 1.8 (4) 

NF 20.0 314 4- 11 (15) 45 
LG 20.0 311 4- 14 (24) 43 
S2A 20,0 346 4- 12 (22) 59 0.2 (3) 
$2C 20.0 0.7 (3) 
S2D 2.5 
S2EISP 2.5 

20.0 284 4- 8 (34) 31 0.3 (3) 
S2EISS 20.0 270 4- 13 (21) 24 
S2E2SP 20.0 310 4- 15 (14) 43 1.5 (2) 
S~E2SS 20.0 346 (3) 59 

0.2 
23 -4- 2,0 

4.5 4- 0.5 
7.2 -4- 1.5 

T A B L E  IV 
Protein Content and Glucose-6-Phosphatase and Succinic Dehydrogenase Activities of Rat Pituitary Fractions 

Succinic dehydrogenase 
P r o t e i n  Glucose-6-phosphatase /zmole succlnate 

Fraction mg/mI #g P/min/ml oxidlzed/mln/ml 

WH 8,5 -4- 0.3 (6) 2.4 -4- 0.1 (3) 0.25 4- .01 (6) 
NF 3,7 -4- 0.2 (7) 0.2 -4- 0.2 (3) 0.02 (4) 
s l  5 .5  (1) 0 .20 (2) 
FS, 5.0 (1) 0.14 (2) 
LG 0,5 -4- 0.2 (6) 0.01 (3) 
$2 4.8 (1) 0.12 (2) 
FS2 3.9 -4- 0.5 (5) 0.12 (5) 
S2A 2.3 4- 0.3 (4) 0.07 (3) 
S2EtSP 0.2 4- 0.1 (3) 0.0 (4) 

0 .2  -4- 0 .1  (3) 

1.1 -4- o.1 (3) 
0.1 -4- 0.1 (3) 
0.1 ± 0 .0  (3) 

release or secretion in a m a n n e r  analogous to 
tha t  reported by Li tonjua  (48) for thyroid hor-  
mones. He has recently confirmed the existence 
of a protease bound  int imately to thyroglobin 
which can  autolytically degrade this molecule to 
release smaller peptide fragments.  These may  
then  be acted on by peptidases to l iberate the 
thyroid hormones.  

The  presence of proteases in pi tui tary tissue 
was first reported by Adams and  Smith  in 1951 
(43). Later,  Meyer  and  Clifton (30) found tha t  

alkaline protease activity increased 30 per  cent  

in  the pituitaries of rats t reated with diethylstil- 

bestrol which causes protein synthesis and  hyper-  
secretion of prolactin.  T h e  acid protease activity 
did not  increase. Recent ly  LaBella and  Brown 
(18) and  Brown et al. (19), using hog and  cow 
pi tui tary glands, found tha t  alkaline protease 
was confined principal ly to the microsomal  and  
superna tan t  fractions. These fractions also con- 
tained significant amounts  of FSH activity. 

G E N E R A L  C O N C L U S I O N S  

T h e  position of the secretory granules in thc 
general  p lan  of synthesis, storage, and  secretion 
of the pi tui tary hormones  was proposed by Far -  
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quhar  and Wellings, and by Farquhar  (4, 44, 45). 
The purpose of this investigation was to isolate 
those secretory granules with which gonado- 
tropic hormone has been shown to be associated 
(2, 6, 21) and to study their biological and bio- 
chemical properties. 

In previous isolations old breeder castrate rats 
were used as the source of pituitary tissue (6, 9, 
10, 21). This study indicates that pituitaries from 
young adult males contain a higher level of 
gonadotropin following castration than do those 
of old breeder castrates. The preparation of the 
S~ fraction from the pituitaries of the young 
males is shorter but does not differ markedly 
from the method used previously (6, 9, 10, 21). 

homogenate. Only negligible amounts of the 
other pituitary hormones were present. The  
electron micrographs and the results of the en- 
zyme studies, particularly the absence of glucose- 
6-phosphatase, succinic dehydrogenase, and the 
phosphatases, support the conclusion that the 
active pellet of granules is of a high degree of 
purity. 

The method for obtaining these granules is 
simple and takes a relatively short time. The  
critical part  of the procedure is the length of 
time and speed of centrifugation necessary to 
obtain the proper separation of the particulates 
into the pattern shown in Fig. 1. 

The presence of alkaline protease with the 

T A B L E  V 

Phosphatase and Protease Activities of Rat Pituitary Fractions 

Phosphatase 
#g P/min/ml* 

Fraction pH 4.6 pH 9.3 

Protease 
/zg T/min/ml 

pH 3.8 pH 8.3 

WH 8.7 -4- 0.4 (5) 4.7 4- 0.8 (3) 
NF 2.2 4- 0.3 (5) 2.8 -4- 0.9 (4) 
LG 1.9 4- 0.3 (5) 0.0 (3) 
FS2 3.8 4- 0.2 (5) 1.4 4- 0.5 (3) 
S2A 1.4 (1) 0.6 4- 0.3 (4) 
S~E~SP 0.3 4- 0.1 (4) 0.0 (3) 

16.6 4- 1.6 (4) 7.4 4- 1.5 (6) 
7.7 4- 2.8 (3) 3.8 4- 0.2 (6) 
1.9 ± 0.7 (4) 0.7 4- 0.2 (6) 
6.6 4- 2.4 (4) 3.6 -4- 0.9 (5) 

0.0 (3) 1.6 4- 0.3 (6) 

* #g /min /ml  is based on a ml of the fraction resuspended to its original volume. 

Microfiltration, however, was used more ex- 
tensively than in the earlier studies (6, 21, 46), 
and this aids in the purification of the granules as 
indicated by the enzyme and protein results. 

The procedure consisted of layering the filtered 

$2 (FS~) fraction on a discontinuous gradient 
and centrifuging to obtain the $2E1 layer. When 
this layer was centrifuged at 100,000 g a secre- 

tory granule fraction S2E1SP was obtained which 
contained predominantly gonadotropin and 
about one-third of the T S H  activity of the original 

secretory granules suggests that it may be in- 
volved in the release or secretion of the hormones 
associated with these granules. This has also 
been suggested earlier by Adams and Smith (43), 
Meyer  and Clifton (30) and Ellis (47). 

This investigation was supported by research grant 
G9895 from the National Science Foundation and 
by the Research Committee of the Graduate School 
from funds supplied by the Wisconsin Alumni 
Research Foundation. 
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