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incorpora t ion  of g lucose -H 3 into goblet  cel ls  of the l a rge  intest ine of adult m ice  was studied 
by  e l e c t r o n - m i c r o s c o p i c  autoradiography.  Glucose or i ts  convers ion  produc t  is ini t ia l ly 
incorpora ted  into s t r u c t u r e s  of the Golgi complex,  and 15-30 rain l a t e r  it is  found in the 
s e c r e t o r y  granules .  Glucose-H ~ is incorpora ted  only into those goblet  ce l l s  which a re  in 
the s tage of synthes is  of secre t ion .  

The hypothesis  of Hirch on the in t r ace l lu la r  conveyor ,  and D. N. Nasonov ' s  views regard ing  the ro le  
of the Golgi complex  in s e c r e t i o n  fo rmat ion  were  conf i rmed  by e l e c t r o n - m i c r o s c o p i c  au torad iography  [6, 10]. 
It has  now been shown that not only the "packing" of the final s e c r e t o r y  product  but also m a n y  impor tan t  
p r o c e s s e s  of ca rbohydra t e  synthes is  take p lace  in the Golgi complex:  addition of the po lysacchar ide  mo ie ty  
of the g lycoprote ins  s ec r e t ed  by  the  cell  [1, 5]. 

Neutra  and Leblond [11, 12] showed that  g lucose -H 3 is ini t ial ly incorpora ted  into l ame l l ae  of the Golgi 
complex in the goblet  ce l l s  of the rabbi t  l a rge  intestine,  f rom which it p a s s e s  into the vacuoles  and mucigen  
granules .  The Golgi complex  in the goblet cell  is thus the si te of g lycoprote in  synthes is .  These  w o r k e r s  
concluded that  the synthes is ,  migra t ion,  and l ibera t ion  of g lycoprote ins  continue un in te r rup ted ly  throughout 
the life of the cell .  However ,  a n e l e c t r o n - m [ c r o s c o p i c  study of the goblet ce l l s  of the intest ine in dogs and 
r a t s  showed that  as s ec re t i on  accumula te s  in the goblet  cel l  the number  of m e m b r a n o u s  s t r u c t u r e s  of the 
Golgi complex  and of the g ranu la r  endoplasmic  re t i cu lum d e c r e a s e s ,  and as the cell  becomes  overf i l led  with 
s e c r e t i o n  they a re  d isp laced  into the s t em of the goblet. This suggested that p r o c e s s e s  of synthes is  can 
hard ly  take place  in the cell  when dis tended with sec re t ion  [2-4, 9]. 

The object  of the p r e s en t  invest igat ion was to s tudy synthes is  of the sec re t ion  of the  goblet cell  by  
using incorporation" of labeled  g lucose -H 3, de tec ted  by  e l e c t r o n - m i c r o s c o p i c  antoradiography.  

E X P E R I M E N T A L  M E T H O D  

To s tudy syn thes i s  of sec re t ion  by the goblet cel ls  adult ma le  albino m i c e  weighing 20-22 g were  used. 
After  fas t ing  for  24 h the an imals  we re  given an in t raper i toneaI  injection of g lucose -H ~ (specific act iv i ty  
700 # Ci/g) in a dose  of 0.5 p C i /g  body weight. The animals  we re  sac r i f i ced  5, 15, and 30 rain and 1-2 h 
a f te r  the injection of glucose.  P i ece s  of mucous  m e m b r a n e  of the l a rge  in tes t ine  were  fixed with g lu ta ra lde-  
hyde and postf ixed with osmic  acid, and then embedded in Epon-812. Sections cut to a th ickness  of 800 
were  coated with type PR-2$ emuls ion  by  the "loop" method [8]. The emulsion,  l iquified at 40~ was di -  
luted with distilled wa te r  (1:1); a tanning agent (0.4~0 solution of ch rome  alum) was added at the r a t e  of 2-3 
ml  to 100 ml  emulsion,  a f t e r  which a p l a s t i c i z e r  (a solution of ethyl alcohol with g lycero l  in the ra t io  of 1:1) 
was added at the r a t e  of 2 ml  pe r  100 ml  emuls ion.  
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Fig. 1 Fig. 2 

Fig. 1. Incorpora t ion  of g lucose -H 3 or its convers ion  product  into s t r u c t u r e s  of the Golgi complex and 
s e c r e t o r y  granules  15 min a f t e r  injection of the label-  N) nucleus;  M) mi tochondr ia ;  SG) s e c r e t o r y  g r an -  
ules;  GC) Golgi complex;  GR) granular  endoplasmic  re t iculum.  37,500x. 

Fig. 2. Incorpora t ion  of g lucose -H 3 or its convers ion  product  into goblet cell  30 rain a f te r  injection of 
label .  Legend and magnif ica t ion as in Fig. I .  

After  the emuls ion  had been cooled on ice (1-2 rain) Japanese  copper  gr ids  with the sect ions,  p laced on 
g lass  s l ides ,  were  coated with emuls ion by means  of a copper  wi re  loop. Development  was c a r r i e d  out af ter  
exposure  for  45 days by  the method of Pe r f i lov  et al. [7]. The sect ions  were  stained with uranyl  aceta te  and 
lead c i t r a te  and examined in the IEM-7 e lec t ron  mic roscope .  

E X P E R I M E N T A L  R E S U L T S  

Elec t ron  m i c r o s c o p y  of the goblet cel ls  of the mouse  intestine showed that  the i r  u l t r a s t r u c t u r e  d i f fers  
only a l i t t le  f rom that  in dogs and ra t s .  The goblet  ce l l s  of the mouse  l a rge  intest ine a re  at var ious  s tages  
of sec re t ion  format ion.  The pr inc ipa l  dis t inguishing fea ture  of the goblet cell  at the height of sec re t ion  f o r -  
ma t ion  is  the p r e s e n c e  of a wel l -developed Golgi complex, which s i t s  l ike a cup above the nucleus;  l a t e r a l l y  
to the l ame l l ae  of the Gotgi complex the outlines of the granular  endoplasmic  re t i cu lum can be  seen.  In the 
goblet cell  distended with sec re t ion  all the in t race l lu la r  s t r uc tu r e s  a re  d isp laced  into the s t em of the goblet 
where,  because  of the high e lec t ron  density,  they are  difficult to distinguish. 

Granules  of reduced  s l i ve r  were  found 5 rain af ter  inject ion of g lucose -H 3 in the goblet  ce l l s  in a stage 
of intensive s ec re t i on  format ion,  above the l ame l l ae  of the Golgi complex,  indicating that  glucose or its con-  
vers ion  products  a re  connectedwith the s t r u c t u r e s  of the Golgi complex.  In ce l l s  overf i l led with secre t ion ,  
no incorpora t ion  of the label could be seen. The l a r g e s t  number  of s i lve r  g ra ins  above the s t r u c t u r e s  of the 
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Golgi complex,  both above i ts  l ame l l ae  and its vacuoles ,  was observed  15 min af ter  inject ion of the isotope,  
when single g ra ins  of s i l ve r  also were  obse rved  above the mucigen granules  lying close to the s t ruc tu r e s  
of the Golgi complex - the p lace  where  they are  f o rmed  (Fig. 1). 

Most of the label  30 min a f te r  injection of g lucose -H 3 was located above the s e c r e t o r y  granules  in the 
immedia te  p rox imi ty  of the s t r u c t u r e s  above the mucigen granules ,  in the apical  pa r t  of the s e c r e t i o n - d i s -  
tended cell  (Fig. 2). 

The label  was un i formly  d is t r ibuted  above the s e c r e t o r y  granules  1-2 h a f t e r  injection of g lueose -H ~, 
but  many  t r a cks  continued to be found above the s t r u c t u r e s  of the Golgi complex.  

The r e su l t s  thus indicate that g lucose -H 3 or  i ts  convers ion  products ,  whenincorpora ted  into the s t r u c -  
tu res  of the Golgi complex,  a re  gradual ly  found in the synthes ized s e c r e t o r y  granules ,  and they leave  the 
zone of the Golgi complex.  

These  r e su l t s  d i f fer  somewhat  f rom those obtained by  Neut ra  and Leblond, using e l e c t r o n - m i c r o s c o p i c  
au toradiography of the l a rge  intest ine of young r a t s  (weighing 10 g), in which all the s e c r e t o r y  granules  we re  
labeled  40 rain a f t e r  inject ion of g lucose -H  a, and only so l i t a ry  gra ins  of s i l ve r  were  observed  above the Golgi 
complex.  The p r e s e n t  r e su l t s  sugges t  that in adult m ice  the incorpora t ion  of g lucose-H 3 into the Golgi com-  
plex takes  place in the ea r ly  s tage of s ec re t ion  fo rma t ion  or at the height of the s e c r e t o r y  cycle.  In the 
c o u r s e  of sec re t ion  the number  of m e m b r a n o u s  s t r u c t u r e s  of the Golgi complex is reduced,  and this is ac -  
companied by a d e c r e a s e  in the number  of s i l ve r  gra ins  above its s t ruc tu res .  

When the cel ls  a r e  distended with s ec re t i on  and the membranous  s t r u c t u r e s  of the Golgi complex are  
d isp laced  into the s t e m  of the goblet, no incorpora t ion  of g lucose-H a or  of i ts  convers ion  p roduc t s  t akes  place  
into them. This sugges ts  that synthes is  of the secre t ion  by  the goblet cell  takes  p lace  in cycles .  Synthetic 
p r o c e s s e s  a re  hal ted in the cell  when overf i l led  with sec re t ion  and are  r e s u m e d  when the cell  is emptied.  

LITERATURE CITED 

i. I.A. Alov, Uspekhi Sovr. Biol., 65, No. I, 144 (1968). 
2. I.M. Baibekov, Effect of Resection of the Jejunum on the Ultrastructure and Proliferation of the Epi- 

thelium of the Large Intestine. Author's Abstract of Candidate's Dissertation, Tashkent (1972). 
3. K.A. Zufarov, E. K. Shishova, and I. M. Baibekov, Tsitologiya, No. ii, 1490 (1968). 
4. K.A. Zufarov, P. I. Tashkhodzhaev, E. K. Shishova, et al., Electron Microscopy of Organs and Tis- 

sues. Atlas [in Russian], Tashkent (1971). 
5. V . V .  Kazan 'ev ,  in: L A. Alov (Editor),  Cytology, Genera l  Genet ics ,  Human Genetics  [in Russian],  

Moscow (1971), p. 54. 
6. D .N.  Nasonov,  Some P r o b l e m s  in Morphology and Phys io logy  of Cells.  Selected Works [in Russian],  

M o s c o w - L e n i n g r a d  (1963), p. 130. 
7. N .A .  Per f i lov ,  N. R. Novikova, V. I. Zakharov,  et  al., Tsi tologiya,  No. 5, 624 (1967). 
8. L. Caro,  Cell Biol.,  41, 918 (1969). 
9. J . A .  F r eeman ,  Anat. Rec. ,  154, 121 (1966). 

10. G . C .  Hirch,  Z. Ze l l forsch ,  ~ 290 (1932)o 
11. M. Neu t ra  and C. P. Leblond, J.  Cell. Biol. ,  30, 119 (1966). 
12. M. Neut ra  and C. P.  Leblond, J .  Cell. BioL, 30, 137 ~1966). 

473 


