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Differences in Regulation in the Silk Glands 
of the Spider

I t  has been found th a t the production of fibroin from 
the ampullate glands of the spider, Araneus sericatus, can 
be stimulated both by cholinergic agents and by em ptying 
the gland1. However, as will be shown here, the cylindrical 
glands do not have a  cholinergic regulatory mechanism.

The basic work on the structure and function of the silk 
glands of Araneus diadematus was carried out a t the end 
of the nineteenth century2»3, by workers who carried out 
careful investigations based on gross dissection, observa­
tion of which spinneret was used, the presence or absence 
of certain types in certain families or, in the \c'ase* of the . 
egg-cocoon glands, presence only in the female. I t  was 
postulated th a t the ampullate glands produced the fibroin 
for the scaffolding of the web, the aggregate glands the 
viscid thread, and the cylindrical glands the egg-cocoon 
fibroin. By serial sectioning the spider after it had per­
formed a certain action which involved the use of silk 
and checking the state of filling of the glands, it was pos­
sible to determine with certainty which glands, are involved 
in producing fibroins for a  given purpose4. I t  has been 
demonstrated by these means th a t the scaffolding of the 
web and the safety thread come from the am pullate 
glands and th a t the aggregate glands are involved in the 
formation of the catching spiral. I f  thread is drawn from 
the spider by winding it on to a rod which is turned by a 
small motor, it is the ampullate glands alone which are 
emptied4. The cylindrical glands are normally full of 
protein (Fig* 1&), but after the completion of the egg-cocoon 
they are found to be empty (Fig. 16). Our observations on 
Araneus diadematug and Araneus sericatus have revealed 
no differences in any of the respective silk glands of these 
two species.

I t  has been shown by twó methods th a t the ra te  of 
incorporation of amino-acids into the am pullate gland is 
stimulated by cholinergic agents both in  vivo and in  
vitro1»5. The amount of incorporation of alarpne labelled 
with carbon-14 into the fibroin was, m easured by de­
termining the radioactivity of the fibroin pulled from the 
spider. Also the course of the incorporation of 14C-alanine 
into the ampullate glands was followed by means of 
autoradiographs. Both methods showed th a t physostig- 
mine and carbachol both increased the ra te  of incorpora­
tion to approximately double the norm al ra te . The 
ampullate glands can also be stim ulated by  em ptying 
out the fibroin. This stimulation, unlike the  cholinergic 
mechanism, is not blocked by atropine. Thus there  is



evidonc© for th e  existence of two, m ore or less, independen t 
m echanism s to  regulate th e  p ro tein  production  in  th e  
am pullate gland. The cylindrical g land is different from  all 
th e  o ther silk glands of th e  spider in  th a t  i t  is n o t in daily  
use. Egg cocoons are norm ally m ade only once or tw ice 
in th e  life of a  sp ider6. A utoradiographs show no s tim u la ­
tion  of th e  ac tiv ity  of th e  cylindrical gland a fte r th e  
adm inistration  of physostigm ine. This is shown in Fig. 2, 
where i t  can be seen th a t  there  has been no incorporation  
in to  the  cylindrical gland although there  is considerable 
rad ioactiv ity  in the  aggregate gland. I t  can also be seen 
from th e  photograph th a t the  epithelium  of th e  cylindrical

Fig. 1. Sections showing the cylindrical glands (C) before (a) and after (b) construction 
of the egg-cocoon. Some aggregate glands (A) are also visible. Note the full glands as 
normally found compared with the empty lumen after the construction of the cocoon 

(haematoxylin and eosin, x c. 200)



Fig 2, Autoradiographs of aggregate (a) and cylindrical (6) glands. Both photographs 
are from the same section the glands are 0 005 mm apart. The spider was fixed 8 h after 
oral administration of 14C-alanine and 1 mg/'kg physostigmine. The black dots, formed 
on the photographic emulsion covering the slide, show the location of the labelled alanine. 
Considerable activity is found in the lumen of the aggregate gland (a) (two dots are indi­
cated by arrows; showing the presence of freshly synthesized silk whereas the cylindrical 

glands (b) showT no activity (azure B, x c. 500)



gland is narrow and contains very little  DNA or RNA, as 
would be expected in an inactive gland.

Thus it  is found th a t th e  cholinergic mechanism is 
present only in those glands which are used daily and is 
absent in the  cocoon-producing glands which are used 
infrequently.

This work was supported by a grant, P R - 2732, from the 
N ational Institu tes of H ealth, U.S. Public H ealth  Service.

D a v id  B. P e a k  a l l
D epartm ent of Pharmacology,

U pstate Medical Center,
S tate University of New York,

Syracuse, New York.

1 Peakall, D. B., Comp. Biochem. P h y sio l12, 465 (1964).
2 Apstein, C., Arch. Naturg., 15, 29 (1889).
8 Warburton, C., Quart. J. Micro. Sci.t 31, 29 (1890).
4 Peakall, D. B., J. Exp. Zool.t 156, 345 (1964).
8 Peakall, D. B. (in the press/.
• Comstock, J. H., The Spider Book (Ithaca, New York, 1948).


