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Summary 

The metal chelator-sensitive proteinase activity from the larvae of the 
webbing clothes moth, Tineola bisselliella, was fractionated into two compo- 
nents by chromatography on DEAE-cellulose and the properties of the major 
fraction investigated. The approximate molecular weight obtained by gel filtra- 
tion was 24 000. The pH optimum of 9.4 and the high stability between pH 9.0 
and 11.5 are consistent with the alkaline conditions known to be present in the 
larval mid-gut. The enzyme also showed a second region of high stability 
around pH 2.3. The cleavage specificity against S-carboxy-methyl A and B 
chains of insulin was quite different to that of the metal chelator-sensitive 
proteinases from snake venoms and microorganisms. 10 bonds in the A-chain 
and 8 bonds in the B-chain were cleaved and the tentative rules governing the 
specificity limitations of this metal-chelator-sensitive proteinase are discussed. 

Introduction 

In a previous paper [1] the identification and partial resolution of the 
complex mixture of proteinases and peptidases present in the larvae of the 
webbing clothes moth, Tineola bisselliella, were described. About 50% of the 
proteinase activity was unaffected by diisopropylfluorophosphate (Dip-F) or 
thiol reagents but was inhibited by the metal chelators EDTA and 1 : 10 phe- 
nanthroline. This activity was tentatively termed a metallo-proteinase. Chro- 
matography of larval extracts on ion-exchange and Sephadex columns and to a 
lesser extent electrophoresis in acrylamide gels, indicated only a single peak of 
metal-chelator-sensitive proteinase activity [1]. 

* Abbreviations used are: Ac-Tyr, N-acetyl-DL-tyrosine; Ac-Tyr-OEt, N-acetyl-L-tyrosine ethyl ester; 
Bz-Axg-NapN, N-henzoyl-DL-arglnine ~-naphthylamide; Bz-Arg-NAn, N-benzoyl-DL-arginine p-rfitro- 
anilide; Dip-F, diisopropylfluorophosphate; Diol buffer, 2-amlno-2-methyl-l ,3-propandiol buffer; 
S-Cm, S-carboxymethyl. 
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In this report the further fractionation of this material into two metal- 
chelator-sensitive proteinases is described, along with observations on the pep- 
tide-bond specificity and other properties of the major metal-chelator-sensitive 
component. 

Materials and Methods 

Chemicals 
Chemicals used and their sources were: N-acetyl-DL-tyrosine (Ac-Tyr), 

N-acetyl-DL-tyrosine ethyl ester (Ac-Tyr-OEt) and N-benzoyl-DL-arginine 
p-nitroanilide (Bz-Arg-NAn), Schwarz-Mann Research Laboratories;N-benzoyl- 
DL-arginine ~-naphthylamide (Bz-Arg-NapN), Calbiochem; Dip-F, Aldrich 
Chemical Co., bovine serum albumin, Sigma Chemical Co.; fast garnet GBC, 
G.T. Gurr Ltd., England; Hammarsten casein, E. Merck, Germany; DEAE-cel- 
lulose (DE 52), Reeve Angel and Co., England. The S-carboxymethyl A- and 
B-chains of bovine insulin were gifts from Dr I.J. O'Donnell of this laboratory. 

Enzyme 
The starting material for this study was fraction B4, obtained as described 

in the previous paper [1]. This fraction contained most of the metal-chelator- 
sensitive proteinase of T. bisselliella extracts and considerable trypsin-like activ- 
ity but only small amounts of chymotrypsin-like activity and carboxypeptidase 
activity and no aminopeptidase activity. This fraction had been stored in 50% 
glycerol at --20 ° C, t h e  glycerol being removed by ultrafiltration before further 
chromatography. 

Enzyme assays, protein determination, column chromatography and ultra- 
filtration were as described in the previous paper [ 1 ]. 

Acrylamide gel electrophoresis 
Disc gel electrophoresis was carried out as described previously [1]. In 

addition micro-gels were run in conventional apparatus in 1.5 mm i.d. X 100 
mm capillary tubes (Drummond 200 pl Microcaps) containing 160 #1 running 
gel and 10 pl stacking gel. These were connected by PVC tubing to a 0.5 ml 
Eppendorf pipette tip as described by Burr et al. [2]. Initially the gels were 
removed from the capillary tubing by cracking on immersion in an acetone-dry 
ice mixture [2]. However the degree of glass fragmentation was quite variable 
and gels were more easily removed by extrusion with a close fitting wire rod 
(Drummond 100 pl Wiretrol plunger). To minimize wall effects the capillary 
tubes were pretreated with 1% dimethyl-dichlorosilane. 

The fixation and staining of protein bands and the detection of trypsin- 
like enzymes in acrylamide gels was as described previously [1]. Metal-chelator- 
sensitive proteinase activity was detected directly in acrylamide gels by a 
modification of the method of Uriel [3]. The gel was soaked for 90 min at 
37°C in a substrate solution of urea denatured cytochrome C (2% w/v) [4] and 
33 mM 2-amino-2-methyl-l,3-propandiol (Diol) buffer (pH 9.4). The gel was 
then withdrawn from the substrate solution and incubated in a capped tube for 
a further 2 h at 37°C. The proteinase activity bands were visualized by placing 
the gel in 12.5% trichloroacetic acid and appear as clear zones against an evenly 



217 

precipitated background. The gels were photographed under reflected light 
against a black background. Electrophoretic mobilities are expressed relative to 
bromphenol blue. 

Peptide bond specificities of  metal-chelator-sensitive proteinase on A and B 
chains of  insulin 

Digestion. Since fraction B4f showed residual trypsin-like activity it was 
pretreated with Dip-F before adding to the digestion mixture. The pre-treat- 
ment reaction mixture (0.20 ml) contained: Diol buffer, pH 9.5, 1.0 pmol; 
Dip-F, 3.4 pmol and B4f proteinase 110 pg. This was held at 5°C for 60 min 
and then added to a solution (2.0 ml) containing: Diol buffer, pH 9.5, 10 pmol 
and either S-Cm-A-chain insulin, 8.0 mg or S-Cm-B-chain insulin, 10.0 mg, and 
incubated for 2 h at 37 ° C. Each digestion and analysis of products was carried 
out in duplicate. 

Analysis of  peptides. The lyophilized digestion products were dissolved in 
0.4 ml 0.5% ammonia, applied as 10--30 cm strips across sheets of Whatman 
3 MM paper and subjected to high voltage electrophoresis [1] at pH 3.5 for 
A-chain digests and pH 6.5 for B-chain digests. The bands were located by 
staining 5-mm side strips with the ninhydrin/collidine reagent [5]. Peptides 
were eluted with 0.5% ammonia, dried and checked for purity by high voltage 
electrophoresis at pH 3.5 and 6.5 and chromatography in BAWP (butanol/ 
acetic acid/water/pyridine, 15 : 3 : 12 : 10) [6]. 

Where necessary further purification was effected by chromatography in 
BAWP or electrophoresis. Electrophoretic mobilities (m) are expressed as frac- 
tions of the distance between e-DNP-lysine and aspartic acid and refer to the 
position of the leading edge of the migrating spot [7]. 

Amino acid analysis. Peptides were hydrolysed in the presence of 1.0 
pmol thioglycollic acid, with 0.5 ml of twice distilled 6 M HC1 for 24 h at 
110°C in sealed and evacuated tubes. Amino acid analyses were carried out on 
a Beckman 120C amino acid analyzer. 

Results 

Further purification of metal-chelator-sensitive proteinase 
As shown in Fig. 1, fraction B4 was separated into two peaks of metal- 

chelator-sensitive proteinase activity (f and g) which were free of chymotryp- 
sin-like and carboxypeptidase activity but contaminated with residual trypsin- 
like activity. Examination by acrylamide gel electrophoresis showed that frac- 
tion B4f consisted of a major protein band, Rm 0.55 and three minor bands, 
while the minor metal-chelator-sensitive proteinase, fraction B4g, consisted of a 
single protein band, Rra 0.52 (Fig. 2). The non-identity of the major protein 
bands of these two fractions was verified by acrylamide gel electrophoresis in 
micro gel rods (1.5 mm X 80 mm) and by running adjacent samples in acryl- 
amide gel slabs (70 turn X 70 mm X 3 turn). The specific activities of fractions 
B4f and B4g were 212.7 [PU]278/rag and 265 [PU]27s/rag, respectively 
which represent an approximate 3-fold purification over fraction B4 and a 
115--143-fold purification over the original 20 000 X g supernatant [1]. 

Although fraction B4f is not homogeneous acrylamide gels show that the 
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Fig. 1. Chromatography o f  f ract ion B4 on ]')EAF,-cellulose column (0.9 cm × 15 cm). Flow rate was 8.'7 
m]/h, f ract ion volumes were 2.9 ml. Sample (6.0 ml), was pumped on fo l lowed by 45 ml  of  starting buf fer  
(0.01 M T~s/C1, pH "7.3). At  tube 18 a l inear gradient was established f rom 0.01 M Tns/C] pH "7.3 (200 
mi) to 0.2 M NaC] in the same buf fe r  (200 rid). A t  tube 144, a second l inear gradient was estab]ished f rom 
0.2 M NaC1 (100 m]) to 0.3 M NaC1 (100 m]) both in 0.01 M Tris/C1 pH "7.3. Every second tube was 
a s s a y e d  f o r  me taL lo -p ro t ea se  ac t i v i t y ,  t r y p s i n - l i k e  a c t i v i t y ,  c h y m o t r y p s i n - l i k e  ac t i v i t y  a n d  c a r b o x y p e p -  
t idase  a c t i v i t y  a n d  the  r e su l t s  e x p r e s s e d  as a p e r c e n t a g e  o f  t h e  m a x i m u m  ac t iv i t y  p e r  t u b e  o b t a i n e d  d u r i n g  
the  f r a c t i o n a t i o n .  These  m a x i m u m  va lues  w e r e :  m e t a l l o - p r o t e a s e ,  30 .7  [ p u ] 2 7 8 ;  t r yps in - l i ke  ac t iv i ty ,  
1 . 0 4  ~ tmol /90  ra in .  C h y m o t r y p s i n - l i k e  a c t i v i t y  was  n o t  q u a n t i t a t e d  b u t  was  m o n i t o r e d  b y  the  h igh  vo l t age  
e l c c t r o p h o r e s i s  s p o t  tes~. No  c a r b o x y p e p t i d a s e  a c t i v i t y  w a s  r e c o v e r e d  f r o m  t h e  c o l u m n .  T u b e  c o n t e n t s  
we re  p o o l e d  t o  give f r a c t i o n s  B4a ,  B4b ,  B4c ,  B4d ,  B4e,  B4f ,  B4g  a n d  B 4 h  as s h o w n  a n d  c 0 n c e n i x a t e d  b y  
u l t r a f i l t r a t i o n .  

B 4 t  

Fig. 2. P r o t e i n  b a n d s  in  f r a c t i o n s  B 4 f  a n d  B4g  f o l l o w i n g  e l e c t r o p h o r e s i s  in  d i s c o n t i n u o u s  a c r y l a m i d e  gels. 
The  r t m n i n g  gel  c o n t a i n e d  7 .5% a c r y l a m i d e .  M i g r a t i o n  is t o w a r d s  the  a n o d e ,  a n d  is e x p r e s s e d  re la t ive  to  
t h e  m o b i l i t y  o f  b r o m p h e n o l  b lue .  D e n s i t o m e t e r  t r a c e s  o f  t h e  s c a n n e d  gels are  a lso  s h o w n .  
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Fig. 3. Di rec t  d e t e c t i o n  of  f r ac t ion  B4f me ta l l o -p ro t e ina se  ac t iv i ty  in a c r y l a m i d e  gels a f t e r  i m p r e g n a t i o n  
wi th  d e n a t u r e d  c y t o c h r o m e  C. E lec t rophores i s  was  in 7.5% gels and  d e t e c t i o n  of  p ro t e inase  ac t iv i ty  was  
as desc r ibed  in the  m e t h o d s .  A r e f e r ence  gel s ta ined  fo r  p r o t e i n  is also s h o w n ,  gel 2. Migra t ion  is t o w a r d s  
the  anode .  

Dip-F-insensitive, metal-chelator-sensitive proteinase activity coincides with the 
major protein band at Rm 0.55 (Fig. 3). 

Properties of the major metal-chelator-sensitive proteinase (fraction B4f) 
Molecular weight• The metal-chelator-sensitive proteinase in B4f eluted 

from a Sephadex G-200 column, calibrated with bovine serum albumin, oval- 
bumin, carbonic anhydrase, myoglobin and cytochrome c [8], at a position 
corresponding to a molecular weight of 24 000. 

Casein digestion. The standard curve of enzyme concentration against the 
degree of casein digestion, as measured by the absorbance at 278 nm, [PU] 278, 
or colorimetrically with the Folin phenol reagent, [PU] F is shown in Fig. 4. 
One [PU] 2 ~ 8 is equivalent to 0.343 [PU] F and 4.7 pg of fraction B4f. The 
two protease units [PU] 27s and [PU]  F are not equivalent because of the 
unequal relative contributions of tyrosine and tryptophan to ultraviolet absorp- 
tion and colour formation [9]. 

pH optimum. The effect of pH on the hydrolysis of casein by the metal 
chelator-sensitive proteinase in fraction B4f is shown in Fig. 5. The pH opti- 
mum was pH 9.4, which is very close to that (9.3) reported by Duspiva [10] 
for the total proteinase activity of extracts of mid-gut epithelia. 

Stability. The effect of pH on the stability of the metal chelator-sensitive 
proteinase in fraction B4f is shown in Fig. 6. Two regions of maximum stability 
were obtained. One was at pH 9.0--11.0 with maximum stability at pH 10.3. 
The other was over a much narrower range at acid pH with maximum stability 
at pH 2.3. Kafatos et al. [11] similarly reported two pH regions of maximum 
stability for the serine-proteinase coocoonase but found that at the acid pH 
maxima, coocoonase was remarkably stable to high temperatures. As shown in 
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Fig. 4. S t a n d a r d  cu rve  of  e n z y m e  c o n c e n t r a t i o n  against  d iges t ion  p r o d u c t s  [40]  as m e a s u r e d  by  the  
e x t i n c t i o n  of  278  n m ,  [ P U ]  2 7 8  A or  wi th  the  FoHn p h e n o l  reagen t ,  [PU]  F o. The  init ial  s lope of  the  
s t a n d a r d  curve  is equal  to  the  p r o d u c t i o n  of  1 # e q u i v  of  t y r o s i n e / 3 0  m i n / p r o t e i n a s e  un i t  a t  p H  9.5 and  
37°C.  One [PU]  278 is equ iva l en t  to  0 .343  [PU]  F a n d  4 .7 / Jg  of  f rac t ion  B4f. 
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Fig. 5. E f fec t  o f  p H  on the  meta l -che la to r - sens i t ive  p ro t e inase  (B4f)  ac t iv i ty  expressed  as [PU]  27~,  z~ or  
[PU]  F o. Buffers  used  were  0 .05  M N a 2 H P O  4 p H  6.3 a n d  7.2;  0 .05  M Diol b u f f e r  p H  7 .6 - -10 .05 .  
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Fig.  6. p H  s t ab i l i t y  o f  t he  m e t a l - c h e l a t o r - s e n s i t i v e  p r o t e i n a s e  B4f .  E n z y m e  w a s  he ld  a t  t he  p H  i n d i c a t e d  
f o r  2 4  h a t  4 ° C ,  t h e n  case in  w a s  a d d e d  a n d  the  e n z y m e  a s s a y e d  f o r  r e s i d u a l  a c t i v i t y  a t  p H  9 .5  a n d  3 7 ° C .  
The  b u f f e r s  u s e d  a t  0 . 0 5  M were :  HCI,  ©; g l y c i n e / H C l ,  e ;  HCI/KCI, •; s o d i u m  a c e t a t e ,  4 ;  s o d i u m  p h o s -  
p h a t e ,  D; Dio l  b u f f e r ,  m; K O H ;  e .  
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Fig.  7. T e m p e r a t u r e  s t a b i l i t y  o f  m e t a l - c h e l a t o r - s e n s i t i v e  p r o t e l n a s e  a t  p H  2 . 4  a n d  10 .3 .  E n z y m e  w a s  
p r e - i n c u b a t e d  a t  a p p r o p r i a t e  t e m p e r a t u r e  f o r  3 0  m i n ,  t h e n  c o o l e d  t o  3 7 ° C  a n d  a s s a y e d  f o r  r e s i d u a l  
p r o t e i n a s e  a c t i v i t y  a t  p H  9 .5  [ 1 ] .  
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Fig. 7, the Tineola enzyme, did no t  show increased stability to elevated temper- 
atures at pH 2.4, and was actually more sensitive to increasing temperature at 
pH 2.4 than at pH 10.3. 

Inhibition o f  fraction B4f  metal-chelator-sensitive proteinase by EDTA and 
metal ions 

As shown in Table I, EDTA completely inhibits the proteinase in fraction 
B4f and this inhibition is due to the chelating properties of  EDTA. When a 
complex of  the metal chelator and calcium is formed prior to exposure of the 
enzyme, negligible inhibition of  protease activity occurs. The inhibition of  
EDTA can be partially reversed by the addition of  Ca 2÷, Zn 2+ and to a lesser 
extent  Mg 2÷ bu t  no t  by Cu 2÷ or Cr 3÷. These metal ions themselves either did 
not  inhibit (Ca 2÷, Mg 2÷) or only partially inhibited (Cu 2÷, Zn 2÷, Cr 2÷) protein- 
ase activity (Table II). 

Specificity of metal-chelator-sensitive proteinase in the cleavage o f  insulin 
chains 

The peptides obtained when S-Cm-A-chain insulin was digested with frac- 
tion B4f metal chelator-sensitive proteinase are shown in Fig. 8. The details on 
the amino acid composit ions,  yields, electrophoretic mobilities and isolation 
procedures for these peptides are given in a supplement*. 

The yields for isoleucine and to a lesser extent  valine in peptides 3, 8c, 9a, 
11 and 13 following 24 h hydrolysis were low as reported by Harfenist [12] .  
From its amino acid composi t ion,  peptide 2 could be either LeUl 3-Tyrl 4- 
Glnl s or Tyrl 4 -Glnl s -Leu~ 6- N-terminal analysis of peptide 2 by the Dansyl 
method [13] showed leucine was the N-terminal residue and that  peptide 2 is 
LeUl 3-Tyrl 4 -Glnl s • Thus peptide 4 is assumed to be Leul 6, not  Leu~ 3. The 

T A B L E  I 

E D T A  I N H I B I T I O N  OF B4f  P R O T E I N A S E  A N D  ITS R E V E R S A L  BY M E T A L  IONS 

The e n z y m e  was i ncuba t e d  a t  p H  9.4 in 0.3 m l  r eac t i on  m i x t u r e  con ta in ing  0.5 p m o l  E D T A  or  cal- 
c i u m - - E D T A  c o m p l e x  for  15  rain a t  30°C  (Firs t  t r e a t m e n t ) .  1 .0  # tool  me t a l  ion  was t h e n  a d d e d  a n d  t h e  

i n c u b a t i o n  c o n t i n u e d  for  a fu r the r  15.0 m i n  (Second  t r e a t m e n t ) .  The  residual  p ro te inase  ac t iv i ty  was  
d e t e r m i n e d  at  37°C and pH 9.4 fo l lowing the  add i t ion  of  0.1 ml  of  2% (w /v )  casein,  as desc r ibed  pre- 
viously [ 1 ] .  

First  Second  Real t ive  
t r e a t m e n t  t r e a t m e n t  act iv i ty  

(%) 

- -  - -  100 
C a - E D T A  c o m p l e x  - -  90  
E D T A  - -  0 
E D T A  CaC12 55 
E D T A  ZnCl 2 50 
E D T A  MgCI 2 20 
E D T A  CuCI2 1 
E D T A  CrCI3 0 

* S u p p l e m e n t a r y  d a t a  t o  this  art icle,  giving deta i ls  o f  t h e  insulin S-Cm-B cha in  pep t ide s  are  d e p o s i t e d  
with ,  a n d  c a n  b e  o b t a i n e d  f r o m :  E l s e v i e r  S c i e n t i f i c  Publ ishing Co.,  BBA D a t a  D e p o s i t i o n ,  P.O. 
Box 1527 ,  A m s t e r d a m ,  T h e  N e t h e r l a n d s .  R e f e r e n c e  s h o u l d  b e  m a d e  t o  No.  B B A / D D / 0 2 1 / 6 7 4 3 1 /  
384  ( 1 9 7 5 )  215 .  
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T A B L E  II 

E F F E C T  O F  M E T A L  I O N S  O N  B 4 f  M E T A L L O - P R O T E I N A S E  A C T I V I T Y  

The  e n z y m e  w a s  p r e - i n c u b a t e d  w i t h  0 . 0 0 1 7  M m e t a l  i o n  f o r  3 0  r a i n  a t  p H  9 .4  a n d  30°C ,  t h e n  c a s e i n  w a s  
a d d e d  a n d  t h e  r e s i d u a l  a c t i v i t y  d e t e r m i n e d  a t  37°C  as  d e s c r i b e d  p r e v i o u s l y  [ 1 ] .  

A d d i t i o n s  Re la t ive  
activity 
(%) 

N o n e  1 0 0  
CaC12 1 0 3  
MgC12 1 1 4  
CuC12 86 .7  
ZnC12 76 .5  
CrC13 74 .4  
NiCI 2 49 .1  
CoC13 4 5 . 6  
M n S O  4 3 7 . 9  
HgC12 0 

NH2SCMSCM SCM NH z NH 2 SCM NH 

I I I I I | I I 
Oty.lieu. Val.Glu.Glu ~,la,Ser.VaLC y s.Ser, keu.Tyr.Gtu.Leu.Gtu. Asp.T yr. C y s.Asp., ,  

t z 3 4 1 8  8 9 00 . IZ ,3 14 ~S 16 17 m 19 IzO I z l  
i I ! 

3 14 __ ~ 6b ~ 9b 

II .L " 6 a  

t3 

Fig.  8.  Si tes  o f  c leavage  o f  S - C m - A - c h a l n  i n su l i n  b y  t h e  m e t a l - c h e l a t o r - s e n s i t i v e  p r o t e i n a s e  ( f r a c t i o n  B4f )  
f r o m  T. bisselliella. D e d u c t i o n s  w e r e  m a d e  f r o m  t h e  d a t a  in  t h e  s u p p l e m e n t .  

NH 2 NH 2 SCM SCM 

I I I I 
Phe.VaL Asp.Gtu.His. Leu. Cys.G|y.Ser His.Leu.Vat. Gtu. Ala Leu.Tyr. Leu.Va|. Cys.Gly. Glu.Ar g.Gly.Phe.Phe.Tyr. Thr.Pro.Lys.Ata. 

2 3 14 15 6 17 I 8 I 9 iO ,i ,2 ,3 i4 l i 5  16 l ,  18 ,9 ZO I 2t 22 Z3 24 25 261 2, 28 29 30 
5c I J , , , )L J~ 5. L ' 

. ,  

Fig.  9 .  Si tes  o f  c leavage  o f  S C M - B - c h a i n  i n s u l i n  b y  t h e  m e t a l  che l a to r - s ens i t i ve  p r o t e i n a s e  ( f r a c t i o n  B4f )  
f r o m  T. bissellieZla. D e d u c t i o n s  w e r e  m a d e  f r o m  t h e  d a t a  in  t h e  s u p p l e m e n t .  
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minor peptide 13 confirms that  cleavage has occurred at the Glnl s-Leu~ 6 
bond. 

The peptides obtained when S-Cm-B-chain insulin was digested with the 
metal-chelator-sensitive proteinase (fraction B4f) are shown in Fig. 9. The data 
characterising these peptides are given in the supplement. 

Peptide 9 (SCMcys) could have come from position 7 or 19 and peptide 
5c (glycine) could have come from position 8, 20 or possibly 23. Since no 
peptides were obtained to suggest cleavage at the Vall ~ -Cys~ 9, Cys~ 9 -Gly20, 
Arg22 -Gly23, o r  Gly~ 3-Phe: 4 bonds, these peptides 9 and 5c are assumed to 
represent the residues Cyst and Glys,  respectively although it is possible they 
also represent Gly20 and to a lesser extent  Cys~ 9. 

Discussion 

The present results demonstrate  that the metal-chelator-sensitive protein- 
ase activity of T. bisselliella can be fractionated into two components  by ion- 
exchange chromatography and the non-identi ty of the two fractions has been 
confirmed by acrylamide gel electrophoresis in micro-gel rods, gel rods and gel 
slabs. Several of  the properties of the major component  (B4f) have been investi- 
gated. 

Its inhibition by EDTA is dependent  on the chelating properties of  the 
inhibitor since the calcium" EDTA complex had no effect  on activity. This 
inhibition by EDTA can be partially reversed by the addition of a slight excess 
of free calcium or zinc ions. 

The molecular weight of approximately 24 000 is much less than of  
35 000--40 000 reported for the metal chelator-sensitive proteinases of micro- 
bial origin, but  similar to that  (20 000--26 000) found for the serine protein- 
ases of microbial and higher animal origins (see ref. 14 for review) and a metal- 
chelator-sensitive proteinase from snake venom [ 15 ]. 

The pH opt ima of 9.4 and the high stability of this enzyme between pH 
9.0 and 11.5 are consistent with the observations on the alkalinity of the larval 
mid-gut, where most digestion occurs [16--18].  

The specificity of the metal-chelator-sensitive proteinase from Tineola is 
quite different  to that  of  the metal-chelator-sensitive proteinases from micro- 
organisms [19--22] and several snake venoms [15,23--25].  These enzymes 
primarily at tacked the bonds Hiss -Leu6, His, 0 -Leul 1, Alal 4 -Leu, s, Tyr~ 6 - 
Leul 7, Leul 7 -Vall s, Gly23 -Phe24, Phe24 -Phe2 s and Phe2 s -Tyr26, of  insulin 
B-chain with additional cleavages for some of these enzymes. Of all these 
bonds, only the Ala, 4-Leu~ s bond was cleaved by the Tineola metal-chelator- 
sensitive proteinase. With regard to the other  B-chain bonds cleaved by the 
Tineola enzyme,  Asn3 -Gln4, Cyst -Glys, G!y20 -Glu~ 1 and Tyr26 -Thr27 are 
each cleaved by several but  not  all of  the metal-chelator-sensitive proteinases 
from Serratia marcescens  [26] ,  Proteus  mirabilis [27] and Aspergi l lus  ochra- 
ceus  [28].  The Gln4-Hiss bond is no t  cleaved by the metallo-proteinases from 
any of the microorganisms and the Leu6-Cyst bond is only cleaved by that  
from A. ochraceus.  Six of the eight bonds of SCM-B-chain cleaved by the 
Tineola metal-chelator-sensitive proteinase were also cleaved by a Dip-F-insen- 
sitive, thiol reagent-insensitive protease from the crayfish Orconec tes  virilis 
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[29 ] .  This latter enzyme however had a very broad specificity and cleaved 21 
of  the 29 bonds in insulin B-chain. 

The rules governing the specificity of the Tineola metal-chelator-sensitive 
proteinase are not  obvious. The residues donating the carboxyl or amino groups 
to the susceptible bonds have no common features and range from small resi- 
dues such as glycine, alanine and serine, to large bulky residues such as leucine, 
tyrosine, glutamine and asparagine, or large charged residues such as glutamic 
acid or carboxymethyl cysteine. However, it is well established for some 
proteinases that residues other than those involved in the cleaved peptide 
bonds, are important determinants of proteinase specificity. Thus subtilisin 
cleavage has been shown to be influenced by the three amino acid residues on 
both sides of  the hydrolysed bond [30] and papain [31] and other thiol 
proteinases [32] are thought to have seven substrate binding sub-sites. For 
thiol proteinases, the dominant feature of  their specificity was the requirement 
for a bulky side chain on the amino acid adjacent (on the amino terminal side) 
to the residue contributing the carbonyl group to the susceptible bond [31--  
33] .  

Consideration of the eight successive residues P4 • P3 • P2 • P~ - P'~ • P~ • 
P~ P~ around the P, - P', bonds in A and B chains of  insulin that were 
hydrolysed by the Tineola metal-chelator-sensitive proteinase (Table III) indi- 
cates that residues P3 and P2 may have greatest influence on the cleavage 
specificity. In all bonds hydrolysed both positions P3 and P2 are occupied by 
residues with bulky side chains. In 14 out of  the 18 cases, P3 was occupied by 
the bulky hydrophobic residues leucine, isoleucine, valine or phenylalanine (10 
times) or histidine, glutamine and asparagine (4 times) the histidine being un- 
charged at the pH (9.4) of  the Tineola enzyme. In 11 out of the 18 cases P2 

T A B L E  I I I  

R E S I D U E S  A D J A C E N T  T O  B O N D S  C L E A V E D  B Y  M E T A L L O P R O T E A S E  

I n s u l i n  R e s i d u e s  P 4  - -  P 3  - -  P 2  - -  P I  ~ P~I - -  P 2  - -  P 3  - -  P 4  

c h a i n  

A 1 6 - - 2 1  L e u  - -  G I u  - -  

A 3 - - 1 0  V a l  - -  G l u  - -  

A 5 - - 1 2  G i n  - -  C y s  - -  

A 2 - -  9 I l e  - - V a l - -  

B 1 1 - - 1 8  L e u  - -  V a l  - -  

B 1 7 - - 2 4  L e u  - -  V a l  - -  

A 9 - - 1 6  S e t  - -  V a l  - -  

B I - -  8 P h e  - - V a l - -  

A 1 3 - - 2 0  L e u  - -  T y r  - -  

B 5 - - 1 2  H i s  - -  L e u - -  

A 1 2 - - 1 9  S e t  - -  L e u - -  

A 1 - -  8 G l y - - I l e  - -  

B 2 3 - - 3 0  G l y  - -  P h e  - -  

B I - -  7 P h e -  

A 4 - - 1 1  G l u  - -  G i n -  

B 3 - - 1 0  A s n -  G L n  - -  

A 1 7 - - 2 1  

B 4 - - 1 1  

A s h  - -  T y r  - -  C y s  - -  A s n  

G i n  - -  C y s  - -  C y s  - -  A l a  - -  S e t  - -  V a l  

C y s - -  A l a  - -  S e z  - -  V a l  - -  C y s  - -  S e r  

G l u - -  G i n  - -  C y s  - -  C y s  - -  A l a  - -  S e t  

G i n  - -  i A l a  - -  L e u  - -  T y r  - -  L e u  - -  V a l  

C y s  - -  G l y  - -  G l u  - -  A r g  - -  G l y  - -  P h e  

C y s  - -  S e t  - -  L e u - -  T y r  - -  G l n  - -  L e u  

A s n - -  G i n  - -  H i s  - -  L e u  - -  C y s  - -  G I y  

G i n  - -  L e u - -  G i n  - -  A s h - -  T y r  - -  C y s  

C y s  - -  G l y  - -  S e t  - -  H i s  - -  L e u - -  V a l  

T y r  - -  G i n  - -  L e u - -  G l u  - -  A s h - -  T y r  

V a l  - -  G l u  - -  G l n  - -  C y s  - -  C y s  - -  A l a  

P h e  - -  T y z  - -  T h r  - -  P r o  - -  L y s  - -  A l a  

V a l  - -  A s h  - -  G i n  - -  H i s  - -  L e u  - -  C y s  

C y s  - -  C y s  - -  A l a  - -  S e t  - -  V a l  - -  C y s  

H i s  - -  L e u - -  C y s  - -  G I y  - -  S e z  - -  H i s  

G l u  - -  A s h  - -  T y r  - -  C y s  - -  A s h  

G i n  - -  H i s  - -  L e u - -  C y s  - -  G I y  - -  S e t  - -  H i s  - -  L e u  
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was occupied by a residue with a side chain carbonyl group (carboxymethyl- 
cysteine, 5 times; glutamic acid, glutamine and asparagine, each 2 times). The 
ability to form hydrogen bonds may be an important requirement for the 
residue in position P2. Hydrogen bonding has been implicated in the orienta- 
tion of susceptible peptide bonds in chymotrypsin and subtilisin catalyzed 
cleavages [ 34].  

Although there appear to be no common characteristics among the resi- 
dues found in positions P1 and P'l of hydrolysed bonds, some residues, par- 
ticularly valine and phenylalanine, are absent from these positions. None of the 
peptide bonds involving valine (10 bonds), phenylalanine (4 bonds) and iso- 
leucine, proline, lysine and arginine (2 bonds each) were cleaved. Valine cannot 
be tolerated in position P1 of bonds hydrolysed by papain [31] and presum- 
ably ficin, bromelain [35,36] and the Chinese gooseberry proteinase [32] and 
the inability of most proteolytic enzymes to hydrolyse bonds involving proline 
is well established. 

In summary, peptide bond hydrolysis by the Tineola metal-chelator-sen- 
sitive proteinase is favoured if position P3 is occupied by an amino acid residue 
with a bulky, preferably hydrophobic side chain, position P2 is occupied by a 
residue with a bulky side chain capable of participating in hydrogen bonds and 
if positions P1 and P~ are not  occupied by valine or phenylalanine, and possibly 
isoleucine, proline, lysine or arginine. The validity of these tentative rules and 
the possible requirements or limitations for residues in the other positions P4, 
and P~ - P~ will be verified by using model peptide substrates and other pro- 
teins of known sequence. The minor metal-chelator-sensitive proteinase in frac- 
tion B4g of T. bisselliella has almost identical cleavage specificity to that re- 
ported here for the B4f enzyme (Ward, C.W., unpublished). 

From the limited number of investigations to date, it appears that inver- 
tebrates in general lack a pepsin-like enzyme, and the specificities of their 
proteinases would be expected to compensate for such a lack [37,38]. The 
metal-chelator-sensitive proteinases of T. bisselliella, though having a specificity 
quite different to that  of pepsin-like enzymes [39],  very effectively comple- 
ment  the expected limited specificities of the trypsin-like and chymotrypsin- 
like enzymes present in these larvae. 
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