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A B S T R A C T  

Experiments in which glycine-3H has been introduced into excised neurointermediate lobes 
ofXenopus Iaevi$ incubated in a modified Krebs-Ringer bicarbonate medium have shown that 
~-~ 50% of the incorporated radioactivity is present in small peptides which have an electro- 
phoretic mobility characteristic of the melanocyte-stimulating (MSH) peptides shown to be 
elaborated within the tissue. Based on these results and the demonstration that a discrete ~-~ 7 
min pulse of the label can be introduced into the tissue, electron microscope radioautog- 
raphy has been employed to follow the subcellular events concerned with the synthesis, 
intracellular transport, and packaging of the labeled secretory product. Together, these 
studies indicate that the newly synthesized material arises in peptide form, rather than as 
part of a larger prohormone molecule, on the ribosomes of the rough endoplasmic reticulum 
within the parenchymal cells of the intermediate portion of the lobe. A proportion is then 
incorporated into and remains for an extended period within the intracisternal granules 
which are a feature of the rough cndoplasmic reticulum within these cells in vitro Most 
( ~  60%) of the labeled secretory product, however, is transferred to the Golgi complex 
within 30 rain and, within a further 10 rain, becomes packaged into small ( ~  200 m/l) 
electron-opaque secretory granules. It is probable that under the conditions employed these 
granules represent the final intracellular location of secretory product before it is released 

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

Although an extensive literature exists on the con- 
trol of secretory activity in the trophic hormone 
cells of the pituitary (1) the only detailed informa- 
tion available concerning the secretory cycle of 
these cells is provided by the observations of Tixier- 
Vidal and her coworkers (2, 3) on the avian pro- 
lacdn cell. The purpose of the present study is to 
extend these observations to another pituitary cell 
type and, in so doing, to investigate for the first 
time at the fine structural level the elaboration of 
a small-peptide pituitary hormone. For this work 
the melanocyte-stimulating hormone (MSH) cells 

within the neurointermediate lobe of the pituitary 
of Xenopus laevis were chosen because in vivo, their 
secretory activity can be readily stimulated and 
synchronized and because, in vitro, they have been 
shown to elaborate and secrete MSH in a con- 
trolled manner (4). A further advantage in using 
this cell type derives from the fact that within the 
excised neurointermediate lobes used in the in 
vitro system the MSH cells are the only intact, and 
thus can be expected to be the only fully functional, 
secretory elements. It  is thus possible to relate 
quantitative data obtained from tissue extracts of 

642 T~IE JOVR~AL OF C~LL BIOLOG~ • VOLIn~E 53, 197~ • pages 64~-653 



the whole lobe dwectly to subcellular events within 
the M S H  cell In  this report  the resuhs are pre- 
sented of experiments in which glycine-3H has 
been used to follow the bmsynthesis, intracellular 
transport,  and packaging of secretory product  in 
the M S H  cell Glycine was chosen because it is 
present within the heptapepUde "active center" 
of all known M S H  peptides (5). Leucine, the more 
usual choice for this kind of study, has not  been 
found to be a component  of any M S H  pepnde  
al though it is presenL in the su'ucturally related 
adrenocorticotrophic hormone (6). 

Quanti tat ive data concerning the rate of ineor- 
porauon of the label into newly synthesized secre- 
to W product  and the character  of that  product  
have been obtained b¥ submitting amd extracts of 
the tissue to gel filtration and electrophoresis, while 
the intraeellular pa thway taken by the labeled 
secretory product  has been followed by- means of 
electron microscope radmautography.  Together, 
these approaches demonstrate that  approximately 
50/% of the aH label introduced into the tissue is 
incorporated into low molecular weight material 
and that  within this material there are predomi-  
nantly three compounds,  each with the electro- 
phoretic mobihty typmal of the three M S H  
peptides present within the gland. Synthesized on 
the ribosomes of the endoplasmic reticulum, the 
iabeled secretory product  takes 30 min to reach 
the Golgi cisternae and, within a further 10 nnn, 
it is packaged into small electron-opaque secreto W 
granules. 

M l f i T H O D S  

Large (7-9 cm long, ~ 150 g weight), female 7F. laec~ 
were used after they had been kept at least 7 days on a 
black, illurmnated background This treatment en- 
sures that the cells of the pars mtermetha are max> 
really stimulated and capable of elaboranng and re- 
leasing ~iSH in vitro (4) For each experiment, 
batches of up to 15 indtvlduats were used. Each am- 
mal was decapitated without anesthesia, the pitmtarv 
removed, and the neuromtermedlate lobe dissected 
away from the pars anterior. The neurointermediate 
lobes were pooled and placed in a siliconized Erlen- 
meyer flask containing a modified Krebs-Ringer bi- 
carbonate (KRB) medium and incubated in a shaker 
water bath at 20°C. The KRB contained 77 mu* NaCI, 
154 m~a KC1, 11 m5i CaCI~, 154 m~ K~HPO~, 154 
m~a MgSO47HsO, 154 mM NaHCO~ and 600 mg/liter 
glucose together with Krebs' cycle intermedtates as 
outlined by Krebs (7) and a supplement of essential 
amino acids as in Eagle's medmm (8). The gas phase 
was 95% 0~./5% C02. 

Earher work (4) showed that an lncubauon period 
of 2 hr was reqmred for the rate of synthesis and re- 
lease of N{SH from the gland to approach a maxi- 
mum, a preincnbation pemod of this length was 
therefore used in all experiments m the present study. 

For the quantitative estlmauon of the incorporation 
of the aH label batches of 5 or 10 neurointermediate 
lobes were incubated in 1 ml KRB lacking glycine-lH 
but containing 20 ~*Ci glvcine-3H (SA, 1000 mC1/ 
mmole) To dilute the glycine-aH coneentranou in 
pulse-chase experiments and thus, after the pulse, to 
reduce effecnvely its mcorporauon to a nnnimal level 
the nssue was transferred frolrt the glycine-~tt medmm 
to KRB contaimng 2 m~ glycme-IH For the quanti- 
tative assay of radmacUwty the neurointermediate 
lobes were homogenized in a ground-glass Potter 
homogenizer in 0 5 ml 0 1 zv HCI contaimng 0 5% 
deoxveholate and left to stand for 4 hr at 5°C. Carrier 
bovine serum albumin (BSA) was added to give a 
final concentration of 1 mg/ml and, after thorough 
mixing, any debris remaimng was spun down at 1000 
g. Prehminary experiments showed that the MSH 
peptides are not precipitable in trichloracettc acid, 
and so free aH activity and incorporated ~H acuwty 
in the HC1 extracts were separated by gel filtration on 
a 40 X 1 5 cm G25 Sephadex column (Pharmama 
Fine Chemicals, Inc., Uppsala, Sweden) (Fig 1) The 
effluent from the column was monitored at 230 nm 
and the BSA peak was used to indicate the position of 
the void volume, that is, of molecules too large (< 
MW 4500, see Fig 1) to be included in the G25 get 
in  prelimmary expemments a mixture of glycine-~H 
and unlabeled HC1 extract was used to indicate the 
elnuon volume of fi ee glvcineAI-I. Also, since glycine- 
aH can be expected to form glycybaH-tRNA mole- 
cules which would, in ad&tion to larger (< 4500 
lki~,V) proteins containing all, also be excluded from 
the G25 Sephadex, the contmbution of glycyl-aH - 
tRNA to the void volume was estimated by incubat- 
ing this maternal for 1 hr at 37°C at pH 105 (9). 
Rechromatographing the hydrolyzed materml on 
G25 ind*cated the amount of glycme-SH removed 
from the glvcyl3H-tRNA and repeated analysis in 
this way demonstrated that approximately 2 0 ~  of 
the void volume actuary is due to glycyl-SH-tRNA 

0 5 ml samples from the column elute were pre- 
pared for hqmd scintillation counting by using the 
toluene-based scintillation fired described by Hall and 
Cocking" (10). They were counted m a Packard Tri- 
carb 3000 counter (Packard Instrument Co., Inc., 
Downers Grove, Ill ) with an efficiency of 20%. 

For experiments in which the labeled'material was 
submitted to starch block electrophoresis the included 
volume (52.5-65.0 ml) (see Fig. 1) of the G25 effluent 
derived from. tissue labeled for 15 rain with glycine-~H 
was lyophihzed and then reconstituted m 0 5 ml 0.1 ~ 
pyridine-acetate buffer. Electrophoresis was then 
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I~URE 1 Eluate profile from G~5 Sephadex when an HC1 exh'aet derived from 15 neurointermediate 
lobes labeled for 5 min with glycine-SH is chromatographed in e.5% acetic acid. - - -  shows the void volume 
position indicated by bovine albumin monitored at Eu0. Also in this 35-5f&5 ml position is the first peak 
containing incorporated stI. The second peak, 5f&5-65 ml, contains the small molecular weight 3tI material 
while the third, at 70-90 ml, contains free glycine-SH The arrows indicate the fraction taken for estimat- 
ing the rate of ~H incorporation (Fig. ~ a) and for electrophoresis (Fig. S e). In this column ACTH, MW 
4580 emerges in the void volume at 46 ml, and Baeitracin, MW 1450 at 65 ml. Xenopue MStI peptides 
as shown by bioassay are in the included volume between 57.5 and 67 ml. 

carried out with 0.01 ml portions of this extract at 
5°C on a starch block for 30 hr at 200 v and 14 ma in 
0.1 M pyridine acetate buffer (pH 4.9) as described by 
Thody (11) When eleetrophoresis was complete, 0 5 
cm segments were cut from the block, extracted in 2 
mI 2.5% acetic acid, lyophilized, reconstituted in 0.5 
ml 2 5% acetic acid, and assayed by liqmd scintilla- 
tion counting as above The distribution of MSH 
peptides in the gel filtration eluate and in the starch 
block electrophoresis separation was established by 
using the skin of Anohs carollnensis to bioassay for 
MSH (12). 

Electron Microscope Radloautography 

Preincubation and incubation in the glycine-3H 
and chase media were carried out as for the prepara- 
tion of HCI extracts except that the concentration of 
glycine-3H was increased to 300 mCi/ml in the pulse 
medium. After incubation the neurointermediate 
lobes were fixed in a dilute Karnovsky fluid (13) con- 
taining 2~o paraformaldehyde, 3% glutaraldehyde in 
0.067 cacodylate buffer for 3 hr. They were post- 
osmicated for 1 br, dehydrated in alcohol, and em- 
bedded in Maraglglas (Polysciences, Inc., Warrington, 
Pa ) (14). Gold sections cut with a diamond knife on a 
Huxley ultramierotome (LKB Instruments, Inc., 

RockvilIe, Md.) were mounted on collodionlzed glass 
slides and coated with Ilford L4 emuMon (Iiford 
Ltd., Ilford, England) as described by Saipeter and 
Baehmann (15). After an exposure of 1-4 wk the ra- 
dioautographs were developed in Microdol X, fixed, 
floated off the slides, and mounted on 300-mesh 
grids. For staining, the collodion was removed from 
the surface of the preparation by immersing the grids 
in amyl acetate for 30 min. Staining with lead citrate 
(16) for a further 30 rain then followed. Electron mi- 
crographs were taken in a Siemens Elmiskop I 

The distribution of silver grains over the tissue was 
assessed by counting the grains present over the endo- 
plasmie retieulum, intracisternal granules, Golgi 
cisternae, secretory granules, mitochondria, and 
nuclei. Grains were assigned to an organelle if they 
were superimposed upon it by more than 50~0. 

M A T E R I A L S  

MSH was the gift of Ferring A. B., MaimS, Sweden, 
and ox posterior pituitary powder the gift of Armour 
Laboratories, London. ACTH was obtained from 
Sigma Chemical Co., St Louis; Bacitracin from 
Mann Research Labs. Inc., New York; and glycine- 
2-8H (SA, 1000 mCi/mmole) from the Radiochemlcal 
Centre, Amersham, England. 
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R E S U L T S  

Previous fine structural studies on the pars inter- 
media of X. laevis under  conditions in which its 
secretory activity was carefully controlled have 
been made both in vivo and in vitro (4, 17). Typi-  
cally in vitro the parenchymal cells of the pars 
intermed[a derived from black background-  
adapted individuals appear as in Fig. 4. The sub- 
cellular organization is characteristic of an actively 
secreting adenohypophyseal cell with abundan t  
rough endoplasmic reticulum, a well-developed 
Golgi complex and few secretory granules. The 
most abundan t  secretory granules are found within 
the Golgi area; they are 150-250 mlz in diameter 
and have a homogeneous electron-opaque content. 
Less abundan t  are larger, 250-275 m~ granules 
with a finely fibrous content (Fig. 5). In  vivo the 
small electron-opaque granules are always found 
predominantly in the Golgi area whereas the larger 
(250-270 rrqx) granules are abundan t  only in the 
glands of animals maintained on a white, illumi- 
nated background, a condition which induces the 
storage of MSIK (17). 

Preliminary experiments evaluated the kinetics 
of the incorporation of ~H label into the ceils of 
the pars intermedia. The tissue was incubated for 
5-60 min in KRB containing 20/~Ci/ml  glycine- 
3H, homogenized, extracted with 0.1 N HCI, and 
chromatographed on G25 Sephadex. Three dis- 
t inct peaks (Fig 1) were obtained: (a) the void 
volume material, which by mild hydrolysis at pH 
10.5 could be shown to contain --, 20c,~ glycyl-SH - 
tRNA, (b) the fractionated or partially included 
material with a molecular weight of between 1000 
and 5000 (see Fig. I), and (c) the included volume 
containing free glycine-SH. By assuming that the 
activity contained within peak (b) was directly 
related to the amount  of 3H label incorporated into 
small molecular weight material, it can be shown 
that  during the first 60 rain the amount  of aI-I label 
incorporated into this raaterial increases in an 
approximately linear fashion (Fig. 2 a). 

Preliminary experiments indicated than an incu- 
bation of at least 5 rain in the glycine-%I medium 
was required to produce an acceptable EM radio- 
autograph after 4 wk exposure. Thus using a 5 
rain incubation period to introduce a pulse label 
into the tissue, experiments were carried out to find 
out if at the end of this time the intracellular pool 
of unincorporated glycine-3H could be effectively 
diluted by incubation in KRB containing 2 m u  
glycine-lH. G25 Sephadex filtration was again 
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~ I G ~  ~ (a) Rate of incorporation of ~It label with 
time into the material contained within the 5e 5-65 ml 
G~5 Sephadex peak shown in Fig. 1 Batches of five 
neurointel~nediate lobes were incubated for 5, 15, 30, 
and 60 rain, homogemzed, HC1 extracted, and chroma- 
graphed (b) Availability of free glycine-ZH within the 
tissue during a 5 rain incubation in the glycine-ZH me- 
dium ~nd a 10 rain wash with e m~ glyelne-lH. Batches 
of five nem.ointermediate lobes were used at each min- 
ute time pomt. They were blotted dry, homogenized, 
extracted with HC1, and chromatographed on G~5 
Sephadex. The free glycine-ZH obtained from the tissue 
was presen~ in the 70-90 ml free glycine-ZH peak. 

used to separate the free and incorporated ~H ma- 
terial and, as shown in Fig 2 b, it  was found that  
more than 85 % of the free glycine-3H within the 
tissue at the end of a 5 min incubat ion in glycine- 
aH IKRB is displaced by a 5 rain wash in 2 mM 
glycine-lH medium Since significant incorpora- 
tion is not  observed unti l  after the first 2 min of 
mcubatmn in the glyeine-3H medium (when it is 
half maximal), this result demonstrates that a dis- 
crete pulse of glycine-SH, ~ 7  rain in length, can 
be introduced into the pars intermedia. I t  will be 
shown below that labeled secretory product spends 
at least 10 rain in each cellular compartment  and, 
thus, within the limits of the radioautographic 
technique, a 7 min pulse allows the intracellular 
pathway followed by the secretory product to be 
identified unequivocally. 
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The observation that more than 50 % of the in- 
corporated 3H matenal  present -within the fractmn- 
ation range of G25 Sephadex is of interest since this 
is to be expected if it is incorporated into one or 
more of the M S H  peptides (see Fig 1). To  inves- 
tigate this point  further a starch block electro- 
phoretic method previously employed to separate 
M S H  peptides in the ox and other mammals (1 l, 
12) was used to separate those present in acid 
extracts of the Xenopus pars intermedia. As shown 
in Figs. 3 a and 3 b, three of the four components 
shown to be present in the ox pitmtary are present 
in the pars intermedia of Xenopus In  the ox pitui- 
tary these common components have been iden- 
tiffed as fl-glutamyl M S H ,  a -MSH,  and an as yet 
uncategorized M S H  (11). When the second peak 
(52 5-65 ml) of the G25 Sephadex eluate (derived 
from tissue labeled for 15 rain m vitro with glycine- 
3H) is electrophoresed in this system (Fig. 3 c), 
three peaks, each corresponding in electrophoretic 

mobility to an M S H  peptide shown to be present 
within the Xenopus pars intermedia, can be clearly 
identified I t  should be added than an essentially 
similar, although for illustrative purposes less satis- 
factory, profile is obtained from tissue incubated 
for only 5 rain with glycine-aH. 

Radioautographical Results 

Based on the results obtained with HCl-ex- 
tracted homogenates, electron microscope radio- 
autography was used to follow the intracellular 
pathway taken by the labeled secretory product 
Initially, this approach also served to confirm the 
wew that in the neurointermediate lobe all and 
only the parenchymal cells of the pars intermedia 
incorporated aH /abel, as neither neuronal ele- 

ments of the pars nervosa nor  any contaminating 

portions of the anterior lobe became labeled sig- 

nificantly above background levels. 

75( 

5O( 

¢0 25( 

z 
D 

_~ 75[ 
O 

OX POSTERIOR LOBE B ~) 

XENOPUS POSTERIOR LOBE @ 
Z 

50( 

25( 

G25 ELUTION VOLUME 

500( 57 5- 65m] 

o_ 

o 250( 

-~ b ~ ,i ~ ~ 1'o 1~ ~ 1 ' 6 - ~ o  ~2~'4i6 ~ 30 32 
DISTANCE FROM ORIGIN IN CM 

Fm~rm 3 Profiles (a) and (b) wele obtained by eleetrophoieslng ox posterior lobe and Xenopus posterior 
lobe extracts as described by Thody (11) and bioassaying extracted 1.0 cm segments for MSH, Piofile 
(e) was obtained by electrophoresing the 5f~ 5-65 ml G~5 Sephadex fraction derived fcom the acid extract 
of 15 neurointermediate lobes incubated for 15 rain in the glycine-ZH medium and assaying the extract 
from 0.5 cm segments by liquid scintillation counting. The amows mark the point of origin. ABCD refers 
to the MSH peptides present in the ox posterior pituitary which correspond to fl-seryl MStt, fl-glutamy] 
MSH, a-MSH, and an as yet uncategorized MStt, respectively. 

646  T h E  JouRN&/~ OF CELL BIOLOGY • VOLUME 53, 197~ 



At the end of a 5 rain pulse in the glycine-3H 
medium 67 % of the silver grains are over the rough 
endoplasmic reticulum (Table I, Fig 5) while 
almost all of the remainder are over either mito- 
chondria or nuclei. However,  since it is known that 
smalI pepttdes such as the decapeptide gramicldin 
S can be synthesized in ribosome-free systems 08 )  
it was necessary to confirm that the label observed 
over the endoplasmic reticulum in the M S H  cell 
represented peptides which were being synthesized 
or had been synthesized on the attached ribosomes 
Control experiments were therefore carried out in 
which I0 -4 ~ cycleheximide, an inhibitor of rtbo- 
somaI-tinked protein synthesis (19), was added to 
the preincubation medium 5 rain before the pulse 
and to the pulse medium. Under  these con&tions 
some labeling of the nuclei was still observed, but, 
more significantly, labeling of the endoptasmic 
reticulum was reduced to background levels In  
passing, it should be added that  this reduction in 
the amount  of label over the endoplasmm retic- 
u lum induced by cvcloheximide also excludes the 
possibility that a sigmficant number  of the grams 
over the tissue fixed in the presence of free glycine- 
~H are the result of an artifactual, nonspeclfic bind- 
mg of umncorporated label. 

A further noteworthy feature of the label found 
over the endoplasmm reticulum when rtbosomal 
mcorporatmn of ~H label is allowed to proceed 
without inhibition concerns that found over intra- 
cisternal granules. These granules are spherical, 
eiectron-opaque masses (Figs. 4 and 6) which are 
rareIy observed in vivo and which in vitro are 
found most frequently within the endoplasmic 
reticulum cisternae of the M S H  ceils that  lie im- 
mediately- adjacent to the pars nervosa. They are 
not significantly- labeled after a 5 min glycine puIse, 
but grains are observed either over them or close to 
them after the pulse has been chased for 20 mm 
The association of the label with these granules is, 
however, most impressive after longer postpulse 
intervals, when less label is associated with the 
rough endoplasmlc reticulum Thus, after a 40 
min chase (Fig 6), when most of the label is found 
in the Golgi area, almost 60% of the grains found 
over the endoplasmic reticulum are over the intra- 
clsternaI granuIes. I t  is also worth noting that even 

after a chase of 100 min, which is the longest inter- 

val studied, some labeled intracisternal granules 

have been observed. 

As shown in Table  I, silver grains predominate 

over the rough endoplasmic reticulum for up to 20 

min postpulse After a 30 min chase, however, label 
appears over the Golgt complex and an abrupt  
change in the general distribution of silver grains 
occurs. After a 20 rain chase, fewer than 20/% of 
the silver grains are over the Gotgi complex, 
whereas 45 % are over the endoplasmic ret iculum 
(Table I) After a 30 rain chase the label over tile 
endoplasmic reticulum is reduced to less than 30 c/% 
of the total, and the Golgi label has increased 
threefold. Within the Golgl complex it is usually 
possible to distinguish between silver grains lying 
over tile cisternae and those distributed over or 
close to the electron-opaque secretory granules, 
and thus it is possible to provide an indication of 
the rate of passage of secretory product  through 
the clsternae. Thus, after 30 min almost 50% of 
the label is over the cisternae whereas only 25 % is 
associated with the secretory granules (Fig. 7) 10 
rain later, the situation is reversed, much of the 
label having left the cisternae and having been 
packaged into granules After a 60 min chase the 
proportion of label over the secretory granules has 
increased and that over the cisternae further 
dtminished (Fig 8) After chases of up to 100 mm 
this distribution of grains remains essentially un- 
changed except that at this time electron-opaque 
secretory granules can also be found some distance 
away from the Golgi area (Fig 9). As has been 
menttoned earlier, in addition to the electron- 
opaque (150-250 m~) granules a number  of larger 
(250-275 m#) secretory granules with a finely 
fibrous content are present in the parenchymal 
cell At  no time in the present study has this gran- 
ule populanon become significantly labeled. 

D I S C U S S I O N  

In  prevlous studies on the pars intcrmedia of X 
laevzs it was demonstrated that in vitro this tissue 
elaborated and released melanocyte-stimulating 
hormone in readily bioassayable quantities (4, 17) 
I t  was also shown that for up to 4 hr  in vitro secre- 
tory" activity continued in a controlled and predict- 
abie fashion and that  at the end of this t ime the 
fine structural organization showed no overt evi- 
dence of deterioration. In the present study the 
linear rate of amino acid incorporation over the 
experimental permd employed supports these re- 
suits while the radioautographic evidence illus- 
trates that for the purposes of the present s tu@ the 
neurointermedtate lobe can be regarded func- 
tionally as a homogeneous population of well syn- 

chronized pars intermedia secretory cells. 
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FIGUn~ 4 Subcellular organization of the pars intermedia tissue incubated for 2 hr in KRB. Within the 
rough endoplasmie retieulum (rer) of some cells electron-opaque intraeisternal granules are present (large 
arrows). The Golgi area (G) is typically periauclear and includes secretory granules with an electron- 
opaque content. The small arrows indicate the few larger secretory granules present at this time X 4000. 
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FIGURES 5 and 6 Both radioautographs exposed 6 wk. 

I~'IG~JRE 5 Electron microscope radioautograph of tissue labeled for 5 rain with glycine-3H. Most of the 
silver grains lie over the rough endoplasmic retieulum (rer). The Golgl cisternae (G), small electron- 
opaque secretory glanules (smaU arrows), and the larger secretory granules (large arrows) are almost free 
of grains. X 17,000 

Fm~aE'::6 LabeIing of rough endoplasmic re[ieuIum intracistemal granules after a 40 rain chase. 
X 95,000. 



T A B L E  I 

Counts from Radzoautographs Showing the Gram D,strabuhon over the Cells of the Whole Pars 
Intermedaa after a 5-ram pulse of Glycine-aH 

Pulse Chase Total  grams Endoplasmm Golgt Secretory 
duration duranon counted ret*cuium clsternae granules Mitochondrla Nucleus 

% % % % % 

5 0 980 67 5 0 16 12 
5 20 900 45 13 10 22 I0 
5 30 600 27 43 26 4 5 
5 40 1600 15 2I 50 7 9 
5 60 900 15 I4 63 1 7 

Grain counts over intracisternal granules are not included because it is only possible 
to identify grains associated with them -with certainty after longer chase intervals 
(>30 rain) when most of the labeled secretory product has left the endoplasmic retieu- 
lum. 

The  finding that  after a 5 mm incubation in the 
glycine-aH medium the incorporated label is found 
predominant ly  in material contained within the 
included volume of the G25 Sephadex and the 
observation that  incorporation is sensitive to eyclo- 
heximide are good indications that the pars inter- 
media tissue synthesizes and releases small peptides 
at the ribosome and argue against the possthihty 
that the M S H  peptides known to be elaborated by 
the tissue are initially synthesized as part  of a larger 
precursor or prohormone molecule Since the ma- 
terial obtained from the second peak of the G25 
eluate can be further separated electrophoretically 
into three components which have the same mobil- 
ity as the three M S H  peptides shown to be present 
in the gland, it is reasonable to assume that all 
three of the peptides are being synthesized simul- 
taneously. 

The  evidence obtained concerning the intra- 
cellular pathway followed by newly synthesized 
secretory product  in the M S H  cell is derived solely 
by rathoautography, as at the present time there is 
little possibility of obtaining subcellular fractions 
from the neurointermediate lobe. Nevertheless, it 
is clear that this pathway is essentially the same as 
that  which was originally described and evaluated 
in detail in the acinar cells of the exocrine pancreas 
(20-27) and which more recently has also been 
outlined in the secretory ceils of a number  of endo- 
crine tissues (2, 28-30). In  the pancreas, labeled 
secretory product  reaches the Golgl area after a 
chase interval of 7-17 rain (22) whereas in those 
endocrine ceils which have been studied, as in the 
M S t t  cell, labeled material is observed in this area 
only after a chase interval of 30 min (2, 28). Since 
in the present study the Iength of time the labeled 

secretory product remains in the endoplasmic 
redculum is much longer than the length of the 
glycine-*H pulse, it seemed possible that a localized 
redlsmbution of label representing intracisternal 
transport within this intracellular compartment  
may occur In particular, after the longer (15-20 
min) chase intervals, labeling of the endoplasmic 
reticulum cisternae proximal to the Golgi area 
might be anticipated, however, no distribution of 
silver grains indicating such a relocation was ob- 
served. 

Intracisternal granules similar to those observed 
in the M S H  cell have also been observed within 
the endoplasmic reticulum cisternae of thyro- 
trophic hormone cells after thyroidectomy (31, 32) 
In  these cells conditions are similar to those in 
M S I t  cells removed from hypothalamic control (4, 
33, 34), as after thyroideetomy there is also a dra- 
matic increase in the rate of hormone release (35). 
On  the basis of a fine structural study of the thy- 
roidectomy cell, Farquhar  (32) has suggested that 
as a secondary feature of the increased secretory 
activity the removal of secretory product from the 
endoplasmic reticulum cisternae fails to keep pace 
with the production of it and, as a result, it accu- 
mulates and eventually prematurely condenses m 
the form of intracisternal granules. This interpre- 
tation of the events which accompany increased 
secretory actlvity within thyroidectomy cells also 
satisfactorily accounts for the formation of intra- 
cisternal granules within the endoplasmic retie- 
ulum of the M S H  cells in vitro and is supported 
by the finding that there is a short delay before 
these granules become Iabeled and by the obser- 
vation that  they then remain labeled for an ex- 
tended period. 
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FIGURE 7 t%adioautograph after 30 rain chase. Most silver grains are located either chreetly over the 
parallel Golgi eisternae or close to them although some may be related to secretory granules Grain counts 
made at  this time point indicate tha t  o~6~'o of the grains are related to secretory granules, 43% to the Golgi 
eisternae, and ~7% to the rough endoplasmie retieulum Exposure: 3 wk. ;< ~20,000 

The  tempora l  resolution of the E M  radioauto-  
graphs  in the present  system allows the pulse label  
to be identified wi th in  the Golgi cisternae, and  the 
evidence suggests t ha t  the t ranspor t  of secretory 
p roduc t  t h rough  these elements takes approxt-  
mate ly  10 min.  This  is not  t rue of alt Golgi compo- 
nents, however,  because some labeled mater ia l  is 
present  wi th in  elements residing ciose to the flat- 

tened cisternae after a 30 rain chase, when  it is first 
seen there, unt i l  after a 100 rain chase, the  longest 
in terval  studied The  reason for this prolonged 
label ing is not  clear, bu t  presumably  it  means tha t  
some secretory product ,  if no t  some of the newly 
formed, e lectron-opaque secretory granules them-  
selves, must  be remain ing  in the Golgi area for 
extended periods A similar prolonged Golgi label  
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~5ICTVRES 8 and 9 Both radioautographs exposed 6 wk. 

F~OURE 8 Radioautograph after a 50 rain chase. Most  of the grains are now distributed at  the releasing 
face of the  Golgi stack. Many  of them lie directly over secretory granuIes (arrows) although in such a 
complex area the possibility that  some of the label resides within the abundant  tubular and vesicular 
elements cannot be excluded. X 15,000. 

l~Gtra~ 9 Radioautograph after a 100 rain chase. Granules some distance away from the Golgi area are 
now labeled. )< 1~,000. 



has been found in the fl cells of pancreat ic  islets 
(~8). 

Two types of secretory granules, differing m size 
and  content,  have  been  consistently described in 
the M S H  cells of m am m al s  (36-39) and  other  
ver tebrates  (40, 41). T he  var ia t ion  in the nmnbers  
of the larger (250-275 m s )  granules is directly re- 
lated to the content  of M S H  in the neuromter -  
media te  lobe (17, 42), and  thus there is good reason 
to believe t ha t  they conta in  the  hormone.  The  sig- 
nificance of the smaller e lectron-opaque granules 
has remained  obscure, bu t  in view of the evidence 
obta ined  in the present  study it  is ciear t ha t  they 
also contain  M S H  peptides. T he  relat ionship be- 
tween the  two types of granules, nevertheless, still 
remains  unresoIved because a l though  m u c h  of the 
avai lable evidence suggests tha t  the smaller gran-  
nies arising in the Golgi  area are the immatu re  
form of the larger ones, the absence of labei  over 
the  la t ter  does not  allow this ma tu ra t i on  sequence 
to be demonstrated.  T he  lack of label  over  these 
granules may" be related to the  increased rate  of 
M S H  release, which  occurs when  the g land is 
removed  from its endogenous inhib i tory  controI 
(33, 34). Thus  it  is possible tha t  m vi t ro these gran-  
ules are no longer produced  or released, since they 
remain,  and  tha t  the smaller, e lectron-opaque form 
represents the final intracel luIar  location of hor-  
mone  before release. 
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