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Summary 

Homogenate preparations of  pancreatm islets have been found to degrade 
msuhn by  cleavage of  the mtercham disulfide bonds, followed by proteolysls of 
the resulting A and B chains A proteolytm system of the pancreatic islets 
sphttmg not  only ' 2 s I-labeled insuhn A cham but  also ~ 2 s I-labeled glucagon at 
pH 7.0, was shown to be achvated by glutathmne and inhibited by EDTA The 
results suggest that pancreatm islets contam both the thml-protem disulfide 
oxldoreductase (glutathmne protein-disulfide oxldoreductase,  EC 1 8 4 2) and 
the A and B chain-degrading enzyme(s) The effects of  EDTA argue agmnst the 
lmphcatmn of cathepsms m msuhn breakdown under the experimental condl- 
tmns employed 

Introduct ion 

Studms on explants of  pancreas [1] have shown that mtracellular lnsuhn 
catabohsm seems to play an important  part m regulating the msuhn content  of  
islets of  Langerhans The mechamsms and the enzymes revolved m the degrada- 
tion process have not  ye t  been elucidated. The de techon of insuhn A and B 
peptlde chmns in islets [2,3] rinsed the queshon as to whether msuhn destruc- 
tmn takes place m a step-wise manner as first reported by Varandani [4,5] for 
several other  hssue preparahons In this paper, evidence is presented that msu- 
hn degradation in homogemzed islets is catalyzed by the action of thlol-protem 
disulfide oxldoreductase and protemases sphttmg the separated msuhn chains 

* This work was presented m part at the 9th FEBS Meet,ng Budapest (Hungary), August 1974 
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Materials and Methods 

Chemicals 
Bovine msuhn chromatographmally punfmd [6] was obtained from VEB 

Berhn-Chemm (G.D R ) and crystalhzed glucagon was from Eh Lilly GmbH 
Gmssen (G F R ) Insuhn and glucagon labeled with ~ 2 s I were prepared by the 
IC1 method [ 7] and a mod:f:ed Hunter  and Greenwood procedure,  respectively 
[8] .  The radm:odmated msuhn preparat:on used contamed less than 0 75 
atoms of  mdme and the glucagon preparatmn 1 0 atoms of  mdme per molecule. 
S-sulfonated msuhn A cham was prepared by sulfltolysls of  ~ 2 s I-labeled msuhn 
[9] Glutathmne was purchased from Merck AG Darmstadt  (G F.R ) and col- 
lagenase (CLS 2 FP, 142 umts/mg) from Bmchemmal Corp Worthington Free- 
hold, N J (U S A ) All other  chemmals were of  reagent grade and were ob- 
tained commercmlly. 

Isolation of pancreatic ~slets and preparation of ttssue homogenates 
Islets of  Langerhans were :solated by collagenase d:gestmn [10] of  the pan- 

creata of  12 h-fasted W:star rats (150--200 g body  we:ght) as described [11] .  
Only islets free from contammatmn by acmar tissue were pinked up with 
modffmd Pasteur mmroplpettes under a stereo mmroscope and washed by eight 
transfers to fresh Hanks' solutmn 

Batches of  500--600 islets were homogemzed at 4°C m 120 pl distilled water 
by means of  a glass homogemzer  f: t ted with a Teflon pestle and used after 
freezing at --20°C and thawing (1×) for the detectmn of enzymatm act:wty 
The mmro-method of Lowry et al [ 12] was used for protein de termmatmn 

Assay of enzymatic actwtty 
20 pl of  homogemzed islets were incubated after 2 mm of premcubatmn with 

glucagon contmnmg tracer amounts  of  ~ 2 s I-labeled glucagon m 0 1 M potassmm 
phosphate buffer, w:th the add:t:ons descr:bed m the legend of Fig 2 Control 
expenments  contained 0 1--1 0 pg of  collagenase per mcubatmn m place of :slet 
homogenate  Collagenolytm activity was determined using 4-phenylazobenzyl- 
oxycarbonyl-L-prolyl-L-leucylglycyl-L-prolyl-D-argmme (Serva, Heidelberg, G. 
F R ) accordmg to Wunsch and He:drmh [13] a-Amylase act lwty was mea- 
sured as described by Bernfeld [14] All mcubat:ons were carned out  m closed 
plastm tubes (Netheler and Hmz, Hamburg-Eppendorf,  G.F R.) 

Results 

In order to s tudy the manner of degradation, 15 pg of msuhn contammg a 
tracer amount  of  ~ 2 s I-labeled msuhn was mcubated  m 1 mM glutathmne w~th 
46 pg of  islet protein for var:ous times and chromatographed on Sephadex 
G-75. Some representat:ve profiles of  radioactivity obtained upon incubation 
with islet homogenate  preparat:ons m 0.1 M potassmm phosphate contmnmg 
5 mM EDTA as well as m Krebs-Rmger-bmarbonate are shown m F:g. 1. In the 
EDTA-contmnmg buffer, as the radioactivity m the msuhn peak (Fractions 
20--34) disappeared, two rad:oact~ve peaks, eluted at the position of sulfonated 
A cham and at the void volume, were formed. After 180 mm of incubation 
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Fig 1 Gel c h r o m a t o g r a p h y  p a t t e r n  of  insulin (15  pg)  con ta in ing  a t racer  a m o u n t  of  125i . labele d insulin 
that  h a d  b e e n  exposed  to h o m o g e n a t e  of  isolated rat  panc rea t i c  islets (46  #g  pro te in  per  i n cu b a t i o n )  
e i ther  in 1 m M  g lu ta th lone ,  0 1 M p o t a s s i u m  p h o s p h a t e / 5  m M  E D T A  buf fe r  ( p H  7 0)  ( left)  or  1 m M  
g lu ta th ione ,  K r e b s - R m g e r  b i c a r b o n a t e  b u f f e r  (1 2 m M  K H 2 P O 4 ,  115  m M  NaC1, 4 65  m M  KC1, 2 56 m M  
CaC12, 1 2 m M  MgSO4 7H2 O, 24 raM Na HCO 3, p H  7 0)  (r ight)  at  37°C for  the  ind ica ted  t ime  per iods  
I ncub a t i ons  were  t e r m i n a t e d  by  cool ing  the  samples  in ice and  by s u b s e q u e n t  add i t ion  of  20 pl of  0 1 M 
N - e t h y l m a l e i m l d e  and  20 pl of  glacial acet ic  acid 100 #1 of  the  ent ire  m i x t u r e  (120  #1) were  apphed  to  a 
Sephadex  G-75 c o l u m n  (1 c m  × 50 cm) ,  equ i l ib ra ted  and  e lu ted  wi th  50% acet ic  acid a t  a f low ra te  of  8 5 
ml /h  1 ml f rac t ions  were  co l lec ted  and  c o u n t e d  for  r ad ioac t iv i ty  in a Packard  A u t o - G a m m a  C o u n t e r  
R a d i o a c t l w t y  in c p m ,  ~ 7 ,  % t ransmiss ion  at  280 n m ,  - -  Ver t ical  a r rows  d e n o t e  f r o m  left  to  
right,  the  insul in  p e a k  (m),  the  p e a k  of  S-su l fona ted  A cha in  and the  p e a k  of low mo lecu l a r  weight  
c o m p o n e n t s  ( I - )  consis t ing of  salt  and  N-e thy lma le lmlde ,  

almost no radioactivity appeared in the low molecular weight components,  
whereas m the case of mcubatlon m Krebs buffer, one major radioactive peak 
appeared at the position of  low molecular weight components Premcubatlon 
of  the homogenate preparations with glutathione for 5 mln instead of  the usual 
2 mm and subsequent treatment for the same time with 1 mM lodoacetate or 
lodoacetamlde produced complete inhibition of the msuhn-degradmg activity 
even in the presence of  3 mM glutathlone 

In order to estabhsh the identity of the material m the peak elutmg at the 
position of  A chain, the fractions of  this peak were pooled, lyophlhzed, mixed 
with unlabeled S-sulfonated A chain, and rechromatographed, the radioactive 
peak coinciding with the ultraviolet-absorbing peak When m separate experi- 
ments ~ 2 Si.labeled A chain was exposed to homogenate preparations of pan- 
creatm islets m Krebs-Rmger-blcarbonate containing 1 mM glutathlone, essen- 
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Fig 2 T i m e  course  of  g lucagon  d e g r a d a t i o n  by  h o m o g e n a t e  p r e p a r a t i o n s  of  ra t  panc rea t i c  islets For  each  
d e t e r m i n a t i o n  20 #l of  h o m o g e n a t e  (12  btg of  trssue p ro t e in )  were  p r e l n c u b a t e d  for  2 m m  in 200 #1 of  
1 88 m M  g lu ta th ione ,  0 1 M p o t a s s m m  p h o s p h a t e  bu f fe r ,  c o, 0 1 M p o t a s s m m  p h o s p h a t e  buf fe r ,  
• o, and  1 88 m M  g lu ta th ione ,  0 1 M p o t a s m u m  p h o s p h a t e / 5  m M  E D T A  buf fe r ,  D - - [ ]  Af t e r  
thin t ime ,  1 0 0  btl of  g lucagon  s o l u t m n  (1 25  #g)  con t a in ing  a t r ace r  a m o u n t  of  12SI-labeled g lucagon  was 
a d d e d  and  the  whole  m i x t u r e  i n c u b a t e d  for  the  t ime  given The  r eac t i on  was  t e r m i n a t e d  by  c o o h n g  the  
samples  m an ice-ba th  fo r  2 r am,  fo l lowed  by  s u b s e q u e n t  add i t ion  of  100  /~1 2% bov ine  s e r u m  a l b u m i n  
and  200  #1 of  me-cold  15% t r i ch lo roace t i c  acid 500 #1 of  the  resul t ing s u p e m a t a n t s  were  assayed for  
rad ioac t iWty  All i ncuba t ions  were  p e r f o r m e d  at  p H  7 0 a t  37°C  and  the  values  s h o w n  are t n p h c a t e  
d e t e r m i n a t i o n s  f r o m  a series of  r ep re sen ta t i ve  e x p e r i m e n t s  

tlaUy the same events regarding the degradation of  the A chain were obtmned 
as shown in Fig. 1 (right). 

In addition, experiments were carried out  in which glucagon containing 
tracer amounts  of  12 S i.labele d glucagon was incubated with pancreatm islet 
homogenate  for various times in phosphate buffer (Fig 2) Again, the degrada- 

T A B L E  I 

A C T I V I T Y  OF c~-AYMLASE IN T H E  H O M O G E N A T E  P R E P A R A T I O N S  OF I S O L A T E D  R A T  PAN- 

C R E A T I C  I S L E T S  

D e t e r m i n a t i o n  of  act iv i ty  was p e r f o r m e d  accord ing  to Bernfe ld  [14]  by  i ncuba t ion  of  10 #1 islet h o m o -  
gena te  ( abou t  10 #g p ro t e in )  wi th  200  #1 soluble s ta rch  for  5 m I n  at  20°C The r eac t ion  was i n t e r r u p t e d  
by  add i t ion  of  200  #1 3 , 5 - d m l t r o s a h c y h c  acid Af te r  bod ing  for  5 min ,  c o o h n g  and  d i lu t ion ,  the  r e d u c t i o n  

p r o d u c t  f o r m e d  was d e t e r m i n e d  p h o t o m e t r i c a l l y  

Islet preparation Amylase actlvlty 

batch No 
% * mU/#g protein ** 

1 4 4 4  
2 2 2 2  
3 <I  <I  

* Amylase actimty is expressed In percent of that of the whole pancreas 

** D-(+)-maltose was used as standard 
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tlon of  this peptlde was activated by glutathmne and inhibited m the presence 
of  EDTA, indicating that this proteolytm system m the islets of  Langerhans is 
not  capable of  degrading msuhn A chams only, but  other pept~des also The 
presence of  the chymotrypsm inhibitor Tos-PheCH2 C1 (0 5 mM) m the incuba- 
tion medmm had no effect  on the degrading activity To evaluate possible 
interference of  nonspecfflC proteolytm actlwtms from the collagenase employed 
m the isolation of  pancreatm ~slets, control  lncubatmns w~th th~s enzyme prepa- 
ration were performed Incubation of glucagon with 0 2 pg of collagenase m 
place of  homogemzed islets for 60 mm under ldentmal conditions resulted m 
0 2--0 4% increase of trlchloroacetm acid -- soluble radmactlwty In the ab- 
sence of  glutathmne, even collagenase concentratmns up to 1 pg per incubation 
did not  produce acid-soluble radmactlvlty exceeding 1% of the total acld-pre- 
clpltable hormone-bound radloactwlty 

On the other hand, a-amylase activity was determined as a marker for exo- 
cnne tissue present m the islet preparations. Table I shows that contamination 
proved to be less than 5% 

Discussion 

Our results show that homogenate  preparations of normal pancreatic Islets 
contain both the thlol-protem disulfide oxldoreductase and the proteolytm 
enzyme system capable of  degrading msuhn m the sequential order. In islet cell 
tumors, however, the A and B chain-degrading protelnases are apparently 
absent [15] ,  or m an inactive state The presence of  residual crude collagenase 
used m the Isolation of  islets as a responsible factor for nonspeof lc  proteolyt lc  
actlvltms could be ruled out  by the control incubations with collagenase and by 
extensive washings (8 times) of  the islets with Hanks' solution After 5 wash- 
mgs, no collagenolytm activity could be detected m the suspension medium 
[16] ,  as measured usmg the method described by Wunsch and Heldnch [13] 
Moreover, pancreatm islets prepared by mlcrodlssectmn only [17] displayed a 
proteolyt lc  activity comparable with the collagenase-lsolated ones Prewous 
f luonmetnc  experiments whmh were performed to detect  activity of  typmal 
exocrme enzymes, 1 e trypsm and carboxypeptldase B, showed that the proteo- 
lytlc activity of  the islets completely differed in its pH opt imum and actlvatmn 
by SH-compounds from those of  the exocrme tissue (Zuhlke, H and Sterner, 
D F ,  ref 18 and unpubhshed results) 

On the other hand, the effects of glutathmne and EDTA (Figs. 1 and 2) and 
the failure of  Tos-PheCH2 C1 to inhibit the proteolytm act lwty of islets rule out  
mterference by enzymes from the exocrlne pancreas 

The effects of  EDTA on the degradation of A chain and glucagon suggest 
that metal-dependent neutral protemases of the cytosol  or cytoplasmm orga- 
nelles rather than lysosomal cathepsms appear to be revolved m the hormone 
degradatmn under the experimental condltmns employed 
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