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SUMMARY The complete amino acid sequence of the endopeptidase I I  from the 
~ o f  the hornet,Vespa o r ien ta l i s ,  has been determined. The enzyme is a 
single polypeptide chain of 216 residues. The protease is a serine endopepti- 
dase. When aligned for optimal homology to the trypsin related proteases, the 
insect endopeptidase displays 37% ident i ty  with bovine chymotrypsin. The 
structure of the hornet protease is the f i r s t  reported for a serine endo- 
peptidase from an insect. 

Mammalian and bacterial serine endopeptidases have been extensively studied 

in view of the evolution of these enzymes ( I ) .  Although serine endopeptidases 

have been isolated from many d i f ferent  invertebrate species (2,3) there is 

only scare information on the i r  covalent structure (4,5). This is probably 

due to the d i f f i c u l t i e s  of obtaining pure protein material in su f f i c ien t  

y ie lds,  especial ly from insects. In the course of our invest igat ion of the 

digestive enzymes from the hornets, Vespa or ien ta l is  and V. crabro we have 

isolated two chymotrypsin-like endopeptidases (6,7),  and the amino acid se- 

quences around the active si te serine and h is t id ine residues were determined 

of the protease I I  from V. o r ien ta l i s ,  which is designated as VOP I I  (8). The 

sequences of the active s i te peptides show homologies to the corresponding 

ones of the trypsin related endopeptidases. The present communication reports 

the complete amino acid sequence of the protease VOP I I ,  which can give a 

more detailed evaluation of the evolutionary relat ionship of th is inverte- 

brate protease to the serine endopeptidases of the vertebrates. 

MATERIALS AND METHODS 

The protease VOP I I  was isolated from the midgut of the larvae as described 
previously (6). Trypt ic digestion of the ci traconylated, (14-C)-carboxymethy- 
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lated and (3-H)-di isopropyl fluorophosphate inh ib i ted VOP I I  as well as the 
chymotryptic fragmentation of the carboxymethylated and (14-C)-Z-PheCH2Cl in- 
act ivated VOP I I  were performed as in (8). Digestion of VOP I I  with the 
Staphylococcus aureus protease V 8 (30:1, w/w) was carr ied out in 0 .1M NH4HCO 3, 
pH 7.8 at 25 °C for  4 h. Subfragmentation with these enzymes was performed at 
a peptide to enzyme ra t io  of 50:1 (w/w) in 50 mM NH4HCO ~, pH 8 at 25 °C for  
2-6 h. Thermolytic subfragments were generated at a pep~ide to enzyme ra t io  
of 100:1 (w/w) in 0 .1M N-ethylmorpholin acetate, pH 8 at 55 °C for I-4 h. 
Modif icat ion of the arginine residues with 1,2 cyclohexandione was performed 
in 0.25 M sodium borate buf fer ,  pH 9 (9). 
I n i t i a l  separation of the peptides was carr ied out by gel f i l t r a t i o n  on Se- 
phadex G-50f (200 x 3 cm) using 30% or 5% acet ic acid as eluant.  Subfragments 
were separated on columns of Sephadex G-50f and G-25f equi l ib ra ted with 50 mM 
NHAHCO ~, pH 7.8. Final pu r i f i ca t i on  of the small peptides was achieved by 
chgoma~ography on a Chromo Beads P column (Technicon) using a l inear  gradient 
of 50 mM pyridine acetate, pH 2.9 to 2 M pyr id ine acetate, pH 4.9 or by th in 
layer chromatography on cel lu lose plates CEL 300 (Macherey-Nagel) in n-butanol- 
pyr id ine-acet ic  acid- water (68-40-14-25, v /v ) .  
Amino acid analysis was carr ied out according to Spackman ( i0)  on a Biotronik 
analyzer. 
Carboxyl-Terminal residues were determined by carboxypeptidase A, B or Y d i -  
gestion. Sequences were determined by the dansyl-Edman method (11), and Glu/ 
Gln or Asp/Asn were determined by aminopeptidase M digest ion and by thin layer 
chromatography of the PTH-derivatives. 

RESULTS 

The covalent structure of the hornet protease VOP I I  is given in Fig. I ,  to-  

gether with the peptides necessary to establ ish the sequence. The structure 

10 20 
~]e-va~-6~y-G]y-Thr-Asn-A~a-~r~-Arq-6~y-Lys-Tyr-Pr~-Tyr-6]n-va]-Ser-Leu-Ara-A~a-Pr~-Lys-His-Phe-Cys~6~y-6]y- 

TA6-1 C7-7 TA6-3 TA-5 
St2~1' C7-6 th-3 - -  

30 40 50 
Ser-••e-ser-Lys-Arg-Tyr-Va•-Leu-Thr-A•a-A•a-H•S-Cys-Leu-Va•-G•y-Lys-Ser-G•u-His-G•n-Va•-Thr-Va•-G•y-Ser-Va•- 

- - 0 8 - 5  TA-2 
th-3 S t 4 - 3 - -  

60 70 80 
Leu-Leu-Asn-Lys-G•u-G•u-A•a-va•-Tyr-Asn-A•a-Lys-G•u-Leu-••e-Va•-Asn-Lys-Asn-Tyr-Asn-Ser-••e-Arg-Leu-••e-Asn- 

TA-2 
St4-4 ~ ~ St-1 

90 100 
Asp••]e-G]y-Leu-•]e•Arg-va]-Ser-Lys-Asp-•]e-Ser-Phe-Thr••]n-Leu-•a]•••n-Pr•-va]-Lys-Leu-•r•-va]-Ser-Asn-Thr- 

TA6-2 'C5-9 C8-13 TA4-2 

110 . . . .  12~ t-1 130 
Ile-Lys-Ala-G•y-Asp-Pr•-•al-•al-Leu-Thr-Gly-Trp-Gly-Arg-•le-Tyr-val-Asn-G•y-Pr•-Ile-•r•-Asn•Asn-Leu-Gln-Gln- 

TA4 -2  ~ C 8 - 2 4 ~ 1  C6-1 TA4-1 

140 150 160 
Ile-Thr-Leu•Ser-I•e-Va••Asn-G•n-Gln-Thr-Cys-Lys-Ser-Lys•His-Trp-Gly-Leu-Thr-Asp-Ser-G•n-•le-Cys-Thr•Phe-Thr- 

TA4-1 
~ - - C 7 - 1 8  c-8 St-1 C8-1 c-8 

170 180 
Lys-Arg-Gly-Glu-G]y-Ala-•ys-His-G•y-Asp-SER-Gly-Gly-Pr•-Leu-•al-Ala•Asn-G•y-val-G•n-Ile-Gly-Ile-•al-Ser-Tyr- 

TA-3 
C 5 - 1 4 - - - -  th-7 St-2 t h - 7 - -  

190 2oo 210 
G•y-His-Pr•-Cys-A•a-••e-G•y-Ser-Pr•-Asn-Va•-Phe-Thr-Arg-Va•-Tyr•Ser-Phe-Leu-Asp-Trp•••e-G•n-Lys-Asn-G•n•Leu 

TA-3 TA6-4 
~ C 8 - 2 1  S~-2 

Fig, 1 Amino acid sequence of the hornet chymotrypsin VOP II 
TA - trypsin after citraconylation, C - chymotrypsin, St - Staphylo- 
coccus aureus protease V 8, th - thermolytic subfragment 
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was constructed from three sets of overlapping peptides, generated by trypsin 

af ter  modification of the lysine residues (TA), chymotrypsin (C) and staphylo- 

coccal protease V 8 (St) The large fragments (the staphylococcal peptides 

S t - l ,  St2-I) af ter  modification of the arginine residues) were subdigested 

with these enzymes. 

The bulk of the sequence work was carried out on the arginine fragments. The 

peptides TA-2 to TA-5 were obtained by gel f i l t r a t i o n  and TA6-1 to TA6-4 were 

pur i f ied on a Chromo Beads P column. The sequences of TA-2 and TA-3 have been 

already determined (8). The staphylococcal peptides St4-3, St4-4 and St l - t9  

(Asn-75 - Lys-90) now gave the necessary overlaps within TA-2, and S t l - t 9 /  

C5-9 linked TA-2 to TA4-2. Trypt ic subfragmentation of TA4-2 yielded four 

peptides and the sequence of TA4-2 could be completed by the chymotryptic 

fragments C5-9, C8-13 and C8-24. C8-24 overlapped TA4-2 and TA4-1. Fragment 

TA4-1 is completely insoluble, and only the f i r s t  22 residues could be deter- 

mined. Digestion of TA4-1 with trypsin generated again an insoluble fragment, 

which was found to be the aminoterminal part of TA4-1 and the soluble peptides 

His-150 - Lys-164, Ser-Lys and free arginine. The alignment of these peptides 

could be made by the chymotryptic fragments and thermolytic peptides of St - } .  

C5-14 provided the overlap of TA4-1 and TA-3. 

Since VOP I I  contains no free th io l  groups (6), the 6 cysteine residues must 

be incorporated in three d isul f ide bridges. This was confirmed by the staphylo- 

coccal peptides which were obtained from VOP I I  with in tact  d isul f ide bonds. 

The thermolytic subfragment St2-1th-3 indicated, that Cys-25 and Cys-40 are in- 

volved in a d isu l f ide bond. From the chymotryptic digest of the large S t - l -  

fragment the peptide St- lc-8 was isolated. Thus the second d isu l f ide bond is 

formed by Cys-146 and Cys-159. The th i rd  d isu l f ide bond is Cys-169 - Cys-193 

as found from the peptide St-2th-7. 

DISCUSSION 

The protease VOP I I  is a single polypeptide chain of 216 amino acid residues 

with three d isul f ide bridges l inking residues 25 to 40, 146 to 159 and 169- 

193. The amino acid composition of VOP I I  (Tab. I) is in close agreement with 
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Table I Amino acid composition of VOP I I  

Amino acid Sequence 
analysis* 

Asp 21.2 21 

Thr 10.5 12 
Ser 15.2 16 

Glu 16.6 17 

Pro 9.8 11 

Gly 21.6 22 

Ala 9.8 10 

Cys/2** 6.2 6 

Met 0 0 

Val 19.9 22 

l le  16.7 19 

Leu 16.3 16 

Tyr 6.8 8 

Phe 4.9 5 

Lys 13.6 14 

His 5.9 6 

Arg 7.8 8 

Trp*** 3.1 3 

* Hydrolysis in 6 N HCl at 108 °C for 24, 72, 96 and 144 h. 
** Determined as cysteic acid 
*** Hydrolysis in 3 M mercaptoethane sulfonic acid 

the amino acid sequence. The molecular weight calculated from the sequence is 

23411. This value is in excel lent  agreement with the molecular weight of 23000 

estimated by sodium dodecylsulfate disc electrophoresis (6). However, th is  

molecular weight is approximately twice that determined by gel f i l t r a t i o n  and 

sedimentation equi l ibr ium analysis (6). At present, no sat is fac tory  explanation 

is avai lable for  such a large discrepancy. Probably VOP I I  retards on the gel 

matrix and a too low molecular weight was determined. These retardat ion ef fects 

are often observed on endopeptidases (12). Also a wrong molecular weight is 

determined by the sedimentation equi l ibr ium analysis,  i f  the par t ia l  speci f ic  

volume of VOP I I  d i f f e r s  s i g n i f i c a n t l y  from that general ly estimated for  the 

major i ty of proteins. 

VOP I I  is a serine protease and exh ib i ts  a substrate s p e c i f i c i t y  as bovine 

chymotrypsin (6). When the sequence of VOP I I  is aligned to those with bovine 

chymotrypsin, t ryps in and porcine elastase (Fig.2) a homologous re lat ionship 

4 
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20 30 40 50 60 
VOPII I V G G T N A P R G K Y P Y Q V S L R  . . . . .  A P K H F C G G S I S K R - Y V L T A A H C L V G  

CA I V N G E E A V P G S W P W Q V S L Q D K T G F - - - H F C G G S L  I N E N W V V T A A H C G V T  

E V V G G T E A Q R N S W P S Q I S L Q Y R S G S S W A H T C G G T L  I R Q N W V M T A A H  C V D R  

T I V G G Y T C G A N T V P Y Q V S L - - N S G Y - - - H F C G G S L I  N S Q W V V S A A H  C Y K S  

70 80 90 100 
VOP I I  K S E H Q V T V - - G S V -  L L N K E E AV Y - - N A E E L I V N K N Y N S I R L I - - N D I G L 

CA T S D - - - V V V A G E F D Q G S S S E K I  Q K L K I A K V F K N S K Y N S L T I  N - - N D I T L  

E E L T F R - - V V V G E H N L N Q N N G T E Q Y V G V Q K I  V V H P Y W N T D D V A A G Y D I A L  

T G I Q V R L  . . . .  G Q D N I  N V V E G N Q Q F I  S A S K S  I V H P S Y N S N T - - A N N D I M L  

110 120 130 140 150 
VOP I I  I R V S K D I S FT Q L V Q P V KL P - - - V S N T I KA G D P V V L T GW G - - R I Y V N G P I 

CA L K L S T A A S F S Q T V S A V C L P S - - A S D D F A A G T T C V T T G W G L T R - Y T N A N T  

E L R L A Q S V T L N S Y V Q L G V L P R - - A G T  I L A N N S P C Y  I T G W G L T R - - T N G Q L  

T I K L K S A A S L ~ S R V A S I S L P T S C A $  . . . .  A G T Q C L I S G W G ~ T K - S S G T S Y  

160 170 180 190 
VOP I I  p N N L Q Q I T L S I V N Q QT C K -  S KH W G-  - L T D S Q I C T F -  T K R G E GA C H G D S G 

CA P D R L Q Q A S L P L L S N T N C K K - - Y W G T K I  K D A M I  C A G - A S G V - S S C M G D S G  

E A Q T L Q Q A Y L P T V D Y A I  C S S S S Y W G S T V K N S M V C A G - G N G V R S G C Q G D S G  

T P D V L K C L K A P  I L S N S S C K - S A Y P G - Q I T S N M F C A G Y L E G G K D S C Q G D S G  

200 240 220 230 240 
VOP I I  G p L V A -  - N G -  - V Q I G I V S Y GH - - P C A I G S -  P N V F T R V Y S F L D W I Q K N Q L 

CA G P L V C K K N G A W T Q I  GI  V S W G S S - T C S - T S T P G V Y A R V T A L V N W I Q ' Q  T L A A N  

E G P L H C L V N G Q Y A V H G V T S F V S R L G C N V T R K P T V F T R V S A Y  I SW I N - N V  I A S N  

G P V V C - - S G K - - L Q G I V S W G S - - G C A Q K N K P G V Y T K V C N Y V S W I  K - Q T I A S N  

Fig. 2 Comparison of the sequence of ~e hornet ~ymot~psin (VOP II) with 
those of bovine chymotrypsin A (CA), trypsin (T) and porcine elastase 
(E). The sequences of the vertebrate proteases are tak~ from deHaen 
et al.(4). Residues are numbered according to the chymotrypsinogen 
numbering system. 

is evident to the mammalian enzymes. The degree of sequence identity is~37%. 

The catalytic essential residues His-57 - Asp-t02 - Ser-195", forming the 

charge relay system of bovine chymotrypsin are located in the corresponding re- 

gions of VOP II and as in all other serine proteases, the sequences around 

these residues are highly conserved. Also, the sequence Ser-Trp-Gly-216 and 

isoleucine-99 in the secondary substrate binding site of bovine chymotrypsin 

(13)correspond to Ser-Tyr-Gly-216 and leucine-99 in VOP I I .  In addition, the 

three disulf ide bonds of VOP II occur in homologous positions in the mammalian 

enzymes. They correspond Cys-42 - Cys-58, Cys-168 - Cys-182 and Cys-191 - 

Cys-220. The degree of sequence identity and the structural features indicate 

that the hornet protease II is closely related to the serine proteases of the 

trypsin-type. I t  is l ike ly  that this insect protease, which can be also de- 

signated as hornet chymotrypsin, and the vertebrate enzymes have evolved from 

a common ancestral serine protease. 

* The chymotrypsinogen numbering is used throughout in marking comparisons 
with the amino acid sequences of other proteases. 
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Despite these s im i l a r i t i es ,  VOP I I  shows some differences to the vertebrate 

proteases. In bovine chymotrypsin and t ryps in,  serine-189 and aspartic acid, 

respect ively,  are placed on the bottom of the primary substrate binding s i te .  

In VOP I I  and also in the crab collagenase (14), th is posit ion occupied by a 

glycine. The glycine-226 of bovine chymotrypsin and trypsin is replaced by an 

asparagine in VOP I I .  In elastase this residue is a threonine, which hinders, 

at least in part ,  the binding of "large" hydrophobic amino acid side chains. 

But in VOP I I  the spec i f i c i t y  for such amino acids is not affected by the 

asparagine-226. 

The amino-terminal Iie-16 and aspartic acid-194 form an ion pair in bovine 

chymotrypsin, and both residues are also found in the corresponding regions 

of VOP I I .  But in VOP I I ,  th is sal t  bridge seems to be not essential for the 

active conformation as the amino group of I ie-16 can be modified without any 

loss of enzymic ac t i v i t y  ( unpublished resu l ts ) .  

Three disul f ide bonds are present in VOP I I  which are conserved in all other 

serine endopeptidases. However, the vertebrate proteases, with exception of 

the group-specific protease GSP (15), have always more than three disul f ide 

bridges. Three disul f ide bonds seem to be character ist ic  for invertebrate 

proteases (4,14). DeHa~n et a l . (1)  have pointed out, that the number and lo- 

cation of the disul f ide bridges can be used for  the estimation of the evolu- 

t ionary relat ionship of proteins. Based on this c r i t e r ion ,  the point of d i -  

vergence of the progenitor of VOP I I  should be placed between the bacterial 

trypsin and the vertebrate proteases. However, since the crayfish trypsin 

has also three disul f ide bridges (4) in homologous posit ions as VOP I I ,  the 

question arises whether the chymotryptic cleavage spec i f i c i t y  has developed 

several times during the evolution. 
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