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A chymotryps in - l ike endopeptidase has been purif ied by ion-exchange chromatography, 
affinity chromatography, and gel f i l tration. The enzyme preparation is homogeneous in the u l t r a -
centrifuge and disc electrophoresis. The enzyme is proved to be free f rom any other proteolytic 
activities. The molecular weight of the proteinase as determined w i t h several techniques (ultra-
centrifugation, gel f i ltration and electrophoresis wi thout dodecylsulfate) is in the range between 
13000—14000; however, by dodecylsulfate gel electrophoresis a molecular weight of 23000 was 
obtained. The obtained physical constants of hornet chymotryps in are : sedimentation coefficient 
^ o . w = 1.96 x 10~ 1 3 s, diffusion coefficient Z ^ o . w = 131 [ i m 2 s _ 1 , par t ia l specific volume v 
^ 0.737 m l g _ 1 , f r ict ional rat io / / / m i n = 104 , and degree of hydrat i on = 0.1 g per g protein. 

D u r i n g our invest igat ion of the evolut ion of endo-
peptidases f rom invertebrates, Sonneborn et al. [1] 
have characterized a proteinase from the midgut of 
the l a rva of the hornet, Vespa orientalis. Th is prote­
ase is homologous w i t h m a m m a l i a n chymotryps in 
by such cr i ter ia as the complete i n h i b i t i o n by 
Phenylmethylsu lphonyl fluoride and iV* - tosy l -L -
phenylalanine chloromethane and the cleavage speci­
f ic ity. However , by gel f i ltration on Sephadex the 
Molecular weight was found to be 12800. Th i s molec­
ular weight is much lower than that of previously 
known chymotryps ins f rom vertebrates and other 
invertebrates. Therefore the question arises, whether 
J t is a true molecular weight or an artefact which 
could be result from interactions between Sephadex 
gel and the protein. 

The present paper describes a modified purif ica­
t ion method of the hornet chymotryps in and reports 
a s tudy of its size and shape. 

M A T E R I A L S A N D M E T H O D S 

Ion-exchange resins, Sephadex G-75 and Sepharose 
4B were obtained from Deutsche P h a r m a c i a and B i o -
Gel P 100 from B i o - R a d Laboratories . 

Enzymes. Bovine chymotrypsin ( E C 3.4.4.5); trypsin 
( E C 3.4.4.4); carboxypeptidase A ( E C 3.4.2.1); lactate 
dehydrogenase ( E C 1.1.1.27); malate dehydrogenase 
( E C 1.1.1.37); lysozyme ( E C 3.2.2.17). 

Cyanogen bromide and phenylbuty lamine were 
products o f F l u k a . M a t e r i a l for electrophoresis and 
the proteins used as molecular standards were pur­
chased from Serva, Heidelberg . Substrates and a l l 
the other substances were chemicals from E. Merck , 
D a r m s t a d t . 

The lyophi l ized midguts of the l a r v a were a gift 
from D r J . Ishay. 

Measurement of Enzymatic Activities 

Proteo lyt i c a c t i v i t y was estimated by the casein-
digestion method at pH 8.2 and 25 °C as described 
by Sonneborn et al. [1] and expressed in K u n i t z 
units . C h y m o t r y p s i n a c t i v i t y was determined photo­
metr ica l ly a t 405 nm w i t h g luraty l -L-phenyla lanine -
p-nitroani l ide as substrate [2]. The reaction mixture 
contained 400 fj.1 4 mM substrate in 0.2 M T r i s - H C l 
pH 8.4 and 25 [xl enzyme solution. The reaction was 
carried out at 25 °C and the l iberat ion of p -ni tro -
anil ide was monitored. The mi l l imolar absorption 
coefficient of p-nitroani l ide was assumed to be 
9.62 m M - 1 c m - 1 . 

T r y p s i n a c t i v i t y was assayed in the same manner 
using benzoyl -DL-arginine-p-nitroani l ide as substrate 
[3]. Carboxypeptidase A ac t i v i ty was measured w i t h 
h ippury l -L -pheny la lan ine as substrate according to 
the method of F o l k and Schirmer [4]. 0.1 ml of the 
enzyme solution was added to 2.9 ml of the substrate 
( 1 m M hippurylphenyla lanine dissolved i n 5 0 m M 
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T r i s - H C l • buffer pH 7.5 containing 0.2 M N a C l ) and 
the rate of hydrolys is was determined at 254 nm in a 
Zeiss P M Q I I . 

Lac ta te dehydrogenase and malate dehydro­
genase act iv i t ies were measured as described by 
Bergmeyer [5]. 

The un i t of enzyme a c t i v i t y (U) was defined 
throughout as the amount of enzmye which hydro-
lyses 1 f imol substrate per m i n . 

Preparation of Phenylbutylamine-Sepharose 4B 
The procedure used for C N B r act ivat ion o f Sepha-

rose and the covalent coupling of p h e n y l b u t y l -
amine was carried out as described by Cuatrecasas 
[6) a n d Stevens and L a n d m a n [7]. 40 ml of settled 
Sepharose 4B were suspended in 40 ml 0.1 M X a H C 0 3 

buffer, pH 9.0 and the Sepharose was act ivated 
w i t h 4 g C N B r at pH 10.5 dur ing 12 m i n . P h e n y l ­
buty lamine (4 g) dissolved in 40 ml d imethy l f o rm-
amide was added to the act ivated Sepharose. Coupl ing 
proceeded for 20 h at 6 °C and pH 9.5. The phenyl -
butylamine-Sepharose was washed extensively w i t h 
0.1 M N a H C 0 3 buffer pH 9.0 containing 3 0 % (v/v) 
d imethyl formamide to dissolve the uncoupled phe-
n y l b u t y l a m i n e . Before use the gel was pretreated 
w i t h 0.1 M acetic ac id pH 3.0 a n d then w i t h 0.02 M 
sodium phosphate buffer pH 7.8. 

Analytical Gel Filtration 

Molecular weight and Stokes' radius were deter­
mined by the gel f i l tration method using Sephadex 
G-75 or B i o - G e l P 100 [8,9]. The columns (1.5 x 100cm) 
were equi l ibrated w i t h 50 mM T r i s - H C l buffer 
pH 7.5 containing 0.2 M N a C l . E l u t i o n was perform­
ed at a flow rate of 6 m l / h and 0.8 ml fractions were 
collected. F o r ca l ibrat ion the fol lowing proteins were 
used : h u m a n serum a l b u m i n (Mr 69000), bovine 
serum a l b u m i n (67000), ova lbumin (44000), pepsin 
(35500), c h y m o t r y p s i n A (24500), t ryps in (23400), 
myog lob in (17 800), ribonuclease (13400), and cyto­
chrome c (12400). The d is t r ibut ion coefficient # a v 

was calculated from the formula 

v - V e - F° 
A a v — y _ y • 

The volume, F 0 , was estimated using dext ran 
blue 2000, a n d the t o ta l volume, Vt, was calculated as 
described by E r l a n s o n a n d Borgstrom [10]. The 
Stokes r a d i i of the s tandard proteins were taken 
from [9]. 

Sucrose Gradient Centrifugation 
M a r k e r proteins (cytochrome c, lysozyme, myo­

globin, malate dehydrogenase, lactate dehydrogenase) 
a n d hornet chymotryps in were dissolved in 0.02 M 
sod ium phosphate buffer pH 7.2. 0.1 ml (100 (xg) of 
each sample was layered on the top of a 12-ml 
l inear sucrose gradient ( 5 — 2 0 % sucrose in the same 

buffer). The gradients were centrifuged for 20 h at 
40000 r e v . / m i n in a W K F - H i t a c h i centrifuge. 0.3-ml 
fractions were collected using an Isco gradient frac-
tioner and assayed for cytochrome c and myoglobin 
by measurement of the absorption at 405 n m . The 
other proteins were identif ied by their enzymatic 
a c t i v i t y . The molecular weight was estimated accord­
ing to the method of M a r t i n and Ames [11]. 

Ultracentrifugation 
Ultracentr i fugat ion analyses were performed with 

a Spinco model E centrifuge equipped wi th schlieren 
optics. A n a l u m i n i u m double-sector cell i n a n 

A n D 
rotor at 68000 r e v . / m i n was used for sedimentation 
veloc i ty measurements. Dif fusion studies were car­
ried out in a synthetic boundary cell at 4400 rev . /min. 
A l l runs were performed at 20 °C. The protein was 
dissolved in 0.02 M sodium phosphate buffer pH 7.2. 
The apparent values were converted to s%0t„ or 
Dso .w respectively i n the usual manner [12]. 
Partial Specific Volume 

The par t ia l specific volume, v, was calculated 
from the density of a 1.1 % solution of hornet chymo­
t r y p s i n in 0.02 M sodium phosphate buffer pH 7.2. 
Dens i ty measurements were carried out at 20 °C 
w i th the d ig i ta l precision densitometer D M A - 0 2 C E , 
made b y A . Paar K G (Graz, Austr ia ) [13]. 

Electrophoresis 
Dodecylsulfate gel electrophoresis was carried 

out as described by L a e m m l i [14]. The samples 
(1 mg/ml) were denatured at 60 °C for 3 h in a solu­
t i on containing 3 % sodium dodecylsulfate and 5 % 
mercaptoethanol . F o r electrophoresis 20 JJLI of this 
solution was mixed w i th 5 (il 0.1 % bromphenol blue 
and the proteins were separated dur ing 4—5 h at a 
current of 3 mA per tube. The gels were stained with 
coomassie blue for 30 m i n and destained in 7 . 5 % 
acetic ac id . Ca l ibrat i on of the gels for molecular 
weight determinat ion was carried out according to 
Weber and Osborn [15]. 

Electrophoresis wi thout dodecylsulfate was car­
ried out at pH 4.3 w i t h the buffer system of Reis-
feld et al [16]. 

Amino-acid Analysis 
A m i n o - a c i d analysis was performed by the method 

of S p a c k m a n et al. [17] on the B i o C a l amino-acid 
analyzer model BC 200. F o r amino-ac id composition 
determinat ion approx. 1 mg of the prote in was 
hydro lyzed in 6 M HC1 for 20, 40, 80, and 160 h in 
evacuated sealed tubes at 108 °C. Cysteine was 
determined as cysteic ac id after performic acid 
ox idat i on [18]. T r y p t o p h a n was estimated after 
p-toluenesulfonic ac id hydrolysis as described by 
L i u and Chang [19]. Serine and threonine contents 
were calculated by extraxpo lat ion to zero t ime. 
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Absorption Coefficient 
Absorpt i on spectra were obtained in a B e c k m a n 

DM recording spectrometer w i t h samples dissolved in 
0.02 M sodium phosphate buffer pH 7.2. 

Protein Concentration 
General ly the protein dissolved in buffer was 

determined by a microbiuret procedure (Hagens, 
personal communication) or by the L o w r y method 
[20]. The determinat ion of the part ia l specific volume 
and the ultracentrifuge experiments, however, were 
performed w i t h lyophi l ized protein which were then 
dried in a d r y i n g pistol (60 °C, P 2 0 5 under vacuum) 
to remove a l l bound water. 

R E S U L T S 

Purification Procedure 
A l l operations were carried out at 8 °C. L y o ­

phil ized midguts (10 g) were suspended in 50 ml 
50 mM T r i s - H C l buffer pH 7.8 and st irred mechani­
cal ly for 12 h. The suspension was centrifuged at 
15000 r e v . / m i n for 60 m i n , and the supernatant 
passed through a co lumn of D E A E - S e p h a d e x A-50 
(2 x 30 cm) which had been equi l ibrated w i t h 50 mM 
T r i s - H C l buffer pH 7.8. H o r n e t chymotryps in and 
carboxypeptidase A were not absorbed to the gel and 
were therefore eluted wi thout retardat ion. A con­
siderable of the dark-colored impurit ies were removed 
at this step. The fractions (185 ml) containing chy­
motryps in and carboxypeptidase A act ivit ies were 
dialysed against M c l l v a i n e buffer [21] pH 6.5 (1:3 
diluted) for 14 h changing the buffer several times. 
The dialysed solution was appl ied to a CM-Sephadex 
C-25 co lumn (1.5x50 cm) equi l ibrated w i t h the same 

buffer. The co lumn was washed free of unabsorbed 
protein using the d i luted M c l l v a i n e buffer. Sub­
sequently the same buffer but containing 0.075 M 
N a C l was appl ied which eluted the whole carboxy­
peptidase A. The hornet chymotryps in , however, was 
eluted using a l inear N a C l gradient (0.075—0.3 M 
N a C l in the same buffer). The enzyme emerged from 
the co lumn as one peak (Fig . 1). The chymotryps in 
solution obtained was appl ied to a pheny lbuty l -
amine-Sepharose 4B co lumn (2 x 15 cm) which had 
been equi l ibrated w i t h 0.02 M sodium phosphate 
buffer pH 7.2. The co lumn was then washed w i t h 
300 ml of the same buffer containing 0.8 M N a C l 
to elute any protein not specifically absorbed. 
A p p l i c a t i o n of 0.1 M acetic ac id pH 3.0 resulted in 
the elution of the chymotryps in (F ig . 2). Since the 
hornet chymotryps in undergoes denaturat ion in acid 
solution the effluent fract ion were collected in tubes 
containing 2 ml of 0.5 M T r i s - H C l buffer pH 9.0. The 
active fractions were brought up to pH 7.8 and solid 
a m m o n i u m sulphate was added under s t i rr ing up to 
80° / 0 saturat ion. A f ter 6 h the precipitate formed 
was collected by centrifugation. The pellet was dissolv­
ed in 2 ml of 0.1 M bicarbonate buffer pH 7.8 and 
chromatographed on a co lumn of Sephadex G-75 
equil ibrated w i t h 0.1 M bicarbonate buffer pH 7.8 
(2x95 cm). A chromatographic pattern is shown in 
F i g . 3. The first inact ive protein peak contained the 
acid-denaturated part of the chymotryps in . The 
active chymotryps in emerged between fract ion 27 — 
37 w i t h a constant specific a c t i v i t y of 2.2 U m g - 1 . 
The puri f ication procedure is summarized in Table 1. 
Specific activit ies increased 20.9-fold toward g lu tary l -
L-phenyla lanme-p-ni troani l ide a n d 17.8-fold toward 
casein as substrate. 

More interesting is the comparison of the specific 
act ivit ies of bovine chymotryps in and hornet 

1 . 5 - - 1 .5 
p 

Frac t ion number 

Pig. 1. CM-Sephadex C-25 chromatography of hornet chymotrypsin. Flow rate was 42 ml/h and fractions of 10 ml were 
collected. (• •) Proteolytic activity (casein as substrate) (O O) chymotrypsin activity (glutaryl-L-phenylalanine-p-
nitroanilide as substrate); (A A) carboxypeptidase A activity (hippuryl-i/-phenylalanine as substrate); ( ) absorp­
tion at 280 nm; ( ) NaCl gradient 
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2 . 0 -

F r a c t ion n u m b e r 

Fig.2. Affinity chromatography of hornet chymotrypsin on PBA-Sepharose 4 B. Flow rate was 35 ml/h and fractions of 7.8 ml 
were collected. Curves are designated as described in Fig. 1 

F r a c t i o n n u m b e r 

Fig. 3. Chromatography of hornet chymotryp si?i on Sephadex G-75. Flow rate was 35 ml/h and fractions of 9.5 ml were 
collected. Curves are designated as in Fig. 1. (x X X x) Specific chymotrypsin activity (U. mg- 1) 

Table 1. Purification of chymotrypsin 
Activity was measured using glutaryl-L-phenylalanine-p-nitroanilide as substrate 

Step Total activity Total protein Specific activity Yield Purification 

U mg U m g " 1 /o -fold 

Crude extract 109.73 1035 0.106 100 1.0 
DEAE-Sephadex A-50 98.86 261 0.380 90 3.6 
Dialysis 98.00 257 0.381 90 3.6 
CM-Sephadex C-25 85.43 65 1.314 78 12.4 
PBA-Sepharose 4 B 60.13 35 1.668 55 15.7 
Sephadex G-75 57.12 26 2.219 51 20.9 
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chymotryps in . H o r n e t c h y m o t r y p s i n hydrolyzes 
2.2 (JLMOI g lutary l -L -pheny la lan ine per mg protein, 
while bovine chymotryps in hydrolyzes only 0.074 (xmol 
m g p r o t e i n - 1 . B o v i n e chymotryps in hydrolyzes pro­
teins more q u i c k l y t h a n hornet chymotryps in . The 
specific act iv i t ies t oward casein are 4400 kU for 
bovine c h y m o t r y p s i n and 1 6 0 0 k U for hornet chymo­
tryps in . However , the cleavage specificity o f the B-
chain of bovine insu l in is almost the same [1], 

Homogeneity of Purified Chymotrypsin 

It can be seen in F i g . 3 tha t the enzyme eluted as 
a single symmetr ic peak w i t h constant specific 
a c t iv i ty suggesting a homogeneous preparat ion. 
F i n a l l y , the preparat ion lacks t r y p t i c , carboxy-
peptidase A or B act ivit ies even when large amounts 
of enzyme were added to the test mixtures for a long 
incubation t ime. 

P h y s i c a l evidence for homogeneity was further 
provided by disc electrophoresis and sedimentation 
velocity ultracentr i fugat ion. The electrophoretic 
pattern of the enzyme is shown in F i g . 4. The sample 
moved as one band in 7.5°/ 0 and 15° / 0 gels at pH 4.3. 
A single symmetr i ca l peak was obtained by sedimen­
tat ion ve loc i ty ultracentr i fugat ion which indicates 
a monodisperse system (Fig . 5). 

Determination of Molecular Weight 
Gel Filtration. Ge l f i l t rat ion was carried out on 

Sephadex G-75 and B i o Ge l P-100. The result is 
Presented in F i g . 6 and the molecular weight was 
estimated to be 13000. U s i n g a buffer containing 
0- 5 M N a C l instead of 0.2 M for the e lut ion resulted 
in the same molecular weight. T h i s molecular weight 
is much smaller t h a n that of bovine chymotryps in 
(MT 24500). However , the e lut ion posit ion of a pro­
tein dur ing gel f i l t rat ion is better related to the Stokes 
radius t h a n to the molecular weight [22,23] and 
therefore the Stokes radius of hornet chymotryps in 
w a s determined. P l o t t i n g (—log i f a v ) l / l vs Stokes 
radi i of the s tandard proteins gives a Stokes radius of 
1- 65 n m . The Stokes ' radius was further calculated 
by the method of L a u r e n t a n d K i l l a n d e r [9] and a 
v a l u e of 1.61 nm was obtained. In addi t ion , bovine 
chymotryps in gives a Stokes radius of 2.12 n m , a 
value which agrees wel l w i t h the reported value of 
2.09 n m [9]. 

Dodecylsulfate Gel Electrophoresis. P o l y a c r y l -
amide gel electrophoresis on 12.5°/ 0 gels after denatur-
at ion of the proteinase w i t h dodecylsulfate results 
in one sharp band (F ig . 7). H o r n e t chymotryps in 
migrates between bovine chymotrypsinogen and myo­
globin in a posit ion corresponding to a molecular 
weight of 23000. Dodecylsulfate electrophoresis in 
4 M urea results in the same molecular weight. Th is 
high value could be due to a smaller dodecylsulfate 
b inding capacity in comparison to the standard 

A B 
Fig.4. Polyacrylamide-disc electrophoresis of purified hornet 
chymotrypsin. (A) 7.5°/ 0 gel; (B) 15°/ 0 gel. 80 (jig protein was 
applied to each column, running pH4.3. Direction of migra­
tion is from anode (top) to cathode (bottom). Pattern were 
obtained by staining in coomassie blue 

Fig.5. Sedimentation velocity patterns of hornet chymotrypsin 
(lOmgjml) in 0.02 M sodium phosphate buffer pH 7.2. 
Pictures were taken after 40 and 72 min maintaining 
maximum speed of 68000 rev./min. Sedimentation from left 
to right 

proteins. In this case increasing the acrylamide 
percentage in the gel would cause the apparent 
molecular weight to shift to lower values [24]. As 
s h o w n i n F i g . 8, the molecular weight does not 
decrease w i t h increasing gel concentration. The 
molecular weight of the protease remains constant. 

Electrophoresis at pH 4.3. The molecular weight 
was also determined electrophoretically according 
to the method of H e d r i c k and S m i t h [25]. The 
electrophoresis was carried out on gels of increasing 
acry lamide concentration at pH 4.3. The rate o f the 
change of the protein mob i l i t y relative to the track­
ing dye (R m) was measured. Since log Rm varies as 
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0 . 6 r 

Fig.6. Molecular weight (A) and Stokes' radius (B) of hornet 
chymotrypsin estimated by gel filtration. (O—-—O) Gel 
filtration on Sephadex G-75; (• •) gel filtration on 
Biogel P-100. Markers: 1, cytochrome c; 2, ribonuclease; 

-1 . 2 r 

- 0 . 4 1 1 ' 1 I 1 
15 20 25 30 35 

Stokes' radius (nm) 

3, myoglobin; 4, trypsin; 5, bovine chymotrypsin; 6, pepsin; 
7, ovalbumin; 8, bovine serum albumin. The molecul** 
weight and the Stokes' radius of hornet chymotrypsin arc 
indicated by the arrows 

0 0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7 0 . 8 0 . 9 

Mobi l i ty re la t ive to bromphenol blue 

A B C D Fig.8 

Fig. 7 M 

Fig 7 Dodecylsulfate gel electrophoresis of hornet chymotrypsin (A, 25 ug), ^electrophoresis of hornet chymotrypsin & 
bovine chymotrypsinogen (B, 50 fig), bovine chymotrypsinogen (C, 25 p,g), and bovine chymotrypsin (D, 50 ug) 

Fie 8 Molecular weight determination of hornet chymotrypsin dodecylsulfate disc electrophoresis with different acrylamide 
centaqes. Markers: 1, cytochrome c; 2, ribonuclease; 3, myoglobin; 5a, bovine chymotrypsinogen; 6, pepsin. The positio 
hornet chymotrypsin is indicated by the arrow. Bromophenol blue served as marker 

a funct ion of acry lamide concentration, a plot of log 
Rm vs gel concentration gives a series of points from 
which the regression l ine can be calculated. A l so a 
l inear relationship exists between the slopes of this 
l ine a n d the molecular weight, wh i ch one allows to 
estimate the molecular weight. The plot of the slopes 
f rom the regression lines of proteins of k n o w n molec­

u lar weights i s shown in F i g . 9 . The m o l e c u l e 
weight o f hornet chymotryps in obtained in t in* 
manner was found to be 12800. 

Sucrose-Density Centrifugation. The molecular 
weight o f hornet chymotryps in was determine* 1 i " 
be 14200 by sucrose density ultracentri fugation 
(Table 2). 
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- 3 . 0 

- 2 . 0 

-1 . 0 

° 5 a 

10 15 20 25 

10 • Mo lecu la r weight 

Molecular weight determination by disc electrophoresis 
without dodecylsulfate. Markers are designated as in Fig.6, 

bovine chymotrypsinogen. The molecular weight of 
hornet chymotrypsin is indicated by the arrow-

Table 2. Molecular weight as determined by sucrose density 
centrifugation 

Reference protein calculated 

5 2 0 . w Mr 

Cytochrome c 
Lysozyme 
Myoglobin 
palate dehydrogenase 
^actate dehydrogenase 

S 
2.14 
1.92 
1.63 
1.83 
1.88 

13500 
14300 
12000 
14800 
16600 

Average 1.88 14200 

Sedimentation Coefficient 
Sedimentat ion veloc i ty experiments were per­

formed at concentrations ranging from 0.5 —1.0° / 0 

solution of hornet chymotryps in in 0.02 M sodium 
Phosphate buffer pH 7.2. The sedimentation coeffi­
cient increases l inear ly w i t h increasing protein con­
centration and extrapolat ion to zero concentration 
ieads to a value of s°20w = 1.96 X 1 0 " 1 3 s (F ig . 10). 

Diffusion Coefficient 
A l l the schlieren patterns obtained in diffusion 

experiments were symmetr i ca l and the diffusion 
constants were calculated by the height-area method. 
As shown in F i g . 11 the apparent diffusion coefficients 
a r e s l ight ly concentration-dependent. B y extra ­
polat ion to infinite d i lu t i on a value of D%0w = 
131 (Am 2 • s _ 1 was obtained. The diffusion coefficient 
w a s also calculated from the Stokes ' radius using the 
Stokes -Einste in equation [26], 

o 7i r] a 

where k is the B o l t z m a n n constant, T the absolute 
temperature, and a the Stokes ' radius. Based on a 

2 . 5 5 . 0 7 . 5 
Prote in concn ( mg / ml ) 

10.0 

Fig. 10. Concentration dependence of sc
20to values of hornet 

chymotrypsin. For experimental conditions see Methods. 
s°20w = 1.96 S 

13C 

120 

1 10 

100. 

2 . 5 5 . 0 7 . 5 

P r o t e i n concn ( mg / m l ) 
1 0 . 0 

F i g . l l . Plot of diffusion constants (Dc
20iW) versus protein 

concentration. For experimental conditions see Methods. 
131 ( A m 2 • s- 1 

Stokes ' radius of 1.62 nm the diffusion coefficient 
was calculated to be 133 [xm 2 • s _ 1 . Th is value agrees 
well w i t h that from the ultracentr i fugation studies. 

The par t ia l specific volume of the protease was 
determined to be 0.737 ml g _ 1 . 

The molecular weight calculated from the Sved-
berg equation using s ° 0 w = 1.96 S, D°0vf = 131 fj.m2 

s _ 1 , and v = 0.737 ml g " 1 gives a value of 13800. 

Shape and Size 

The values for and D°0w obtained by , 0 > 1 I 1 1 1 t M 

*20,w • L / 2 0 , w 

ultracentr i fugat ion m a y be used together w i t h the 
par t ia l specific volume to calculate the hydrodynamic 
shape a n d size of hornet chymotrypt in . The fric-
t ional rat io , / / / m i n , [27] i.e. the ratio of the observed 
fr ic t ional coefficient, / , to the m i n i m a l f r i c t ional 
coefficient of the hypothet ical unhydrated partic le 
was calculated for the protease to be 1.04, a value 
t y p i c a l for globular proteins. However , the rat io of 
/ / / m i n depends on two factors; the shape and the 
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Table 3. Physical properties of hornet chymotrypsin 

Parameter Value 

Sedimentation coefficient s°2Q>w 1.96 x 10~13 s 
Diffusion coefficient Z)° 0 ( W * 131 ^xm2 s- 1 

Partial specific volume v 0.737 ml g _ 1 

Frictional ratio / / / m m 1.04 
Axial ratio (a/b) 2.1 
Stokes radius 1.62 nm 
Molecular weight: 

Gel filtration on Sephadex G-75 
or Bio-Gel P-100 13000 
Electrophoresis without dodecyl­
sulfate 12 800 
Ultracentrifugation using 
4o.*> ^So.w and v data 13800 
Sucrose density 14200 

Dodecylsulfate electrophoresis 23000 
Absorption maximum 278 nm 
Ratio of absorption (280/260 nm) 1.82 

degree of hydrat i on of the protein [27]. Assuming the 
protease is unhydrated and only the a x i a l rat io 
(aft) of an el l ipsoid (asymmetry of shape) generates 
this value of / / / m j n > we can calculate a value of a/b 
= 2.1 for both prolate and oblate ellipsoids. On the 
other side, i f the shape is spherical a n d / / / m i n indicates 
only the degree of hydrat ion , the m a x i m a l hydrat i on 
is found to be 0.1 g per g hornet chymotryps in . Th i s 
value is something lower t h a n for other globular 
proteins. 

The phys ica l properties of the hornet chymotryp ­
s in are summarized in Table 3. 

Amino-acid Analyses 

The results of the amino-ac id analyses of hornet 
c h y m o t r y p s i n are presented in Table 4. The values 
reported for val ine , leucine, and isoleucine are g iven 
by the 80-h a n d 160-h hydrolysis times, and serine 
a n d threonine have been extrapolated to zero hydro ­
lysis t ime. No methionine was found after hydro­
lysis w i t h p-toluenesulfonic acid or after performic 
ac id ox idat ion . A lso no glucosamine and galactos-
amine was detected on the amino-acid analyzer. 

The m i n i m a l molecular weight calculated from 
these data is 13984 whi ch agrees w i t h the value 
obtained by sedimentation analysis. Also l isted are 
the amino-ac id composit ion of some other chymo-
tryps ins . 

Absorption Spectrum 
H o r n e t c h y m o t r y p s i n has a t y p i c a l prote in 

absorpt ion w i t h a m a x i m u m at 278 nm and a m i n i ­
m u m at 250 n m . The rat io o f the absorbances at 
280/260 nm is 1.82. The m i l l i m o l a r absorption coeffi­
cient at 280 nm of the hornet chymotryps in was 
found to be 12.4 m M " 1 • c m " 1 by t a k i n g a molecular 
weight of 13800. 

DISCUSSION 

The chymotryps in - l ike protease from the larva of 
the hornet, Vespa orientalis, was isolated by a modi­
fied puri f icat ion method now i n v o l v i n g cation-ex­
change chromatography a n d af f inity chromatography. 
In the previous method [1] the enzyme preparation 
was contaminated w i t h carboxypeptidase A . Carb­
oxypeptidase A was now clearly separated from the 
chymotryps in - l ike enzyme by cation-exchange chro­
matography. The result ing c h y m o t r y p s i n preparation 
is proved to be free f rom any other proteolytic 
act ivit ies . Subsequently af f inity chromatography 
and gel f i l tration resulted in homogeneous hornet 
chymotryps in . 

The amino-ac id composit ion shows that hornet 
chymotryps in contains no methionine and only 
four half -cystine residues. Th i s suggests that this 
chymotryps in has only two disulfide bridges. In 
contrast bovine c h y m o t r y p s i n A contains 10 half-
cystine residues, a l l of which are present as intra-
chain disulfide bonds [28]. 

By gel f i l trat ion on Sephadex on molecular weight 
of 13000 was estimated which agrees wel l w i t h the 
reported value of Sonneborn et al. [1]. T h i s molecular 
weight is surprising, since no chymotryps in of that 
size has ever been found. General ly molecular weights 
of 17000—26000 were reported for invertebrates and 
vertebrates [28]. Th i s low molecular weight, however, 
could be only an artefact in a sense of interactions 
between Sephadex gel and the prote in as reported for 
basic proteins [33], glycoproteins [34] or amylases 
[35]. Therefore the molecular weight determination 
was carried out by several independent methods. The 
values obtained by gel electrophoresis without 
dodecylsulfate ( i / / 12800) b y ultracentri fugation 
(Mr 13800, 14200), and by gel f i l trat ion on B i o Gel 
P-100 (Mr 13000) a l l are in fair agreement wi th in 
the range of experimental error. 

In addi t ion to the observed Stokes ' radius obtain­
ed by gel f i l t rat ion on Sephadex G-75 the redetermina­
t i on of the Stokes radius on B i o Ge l P-100 leads to 
a value of 1.64 n m . The calculat ion from diffusion 
coefficient using the Stokes -Einste in equation gives a 
value of 1.63 n m . A l l these values are in agreement an 
and indicate the correctness of the molecular weight 
determinat ion on Sephadex gel. The increasing of 
the sedimentation constants w i t h increasing protein 
concentration suggests an aggregation of hornet 
chymotryps in . Other chymotryps ins are know *o 
associate to polymeric forms as the prote in concen­
t ra t i on increases [30,36]. The low degree of associa­
t i on observed for hornet chymotryps in , however, is 
probably due to the much lower ionic strength used 
for this experiment. An interesting feature is the 
anomalous behaviour of hornet chymotryps in on 
electrophoresis in dodecylsulfate. Th i s molecular 
weight determinat ion, a method widely used for 
polypeptide chains, gives a molecular weight of 

Eur. J. Biochem. 42 (1974) 



T
ab

le
 4

. A
m

in
o-

ac
id

 co
m

po
si

ti
on

 o
f h

or
ne

t c
hy

m
ot

ry
ps

in
 

A
m

in
o 

ac
id

 
A

m
ou

nt
* 

m
in

m
 

M
T 

R
es

id
ue

s 
(n

ea
re

st
 

in
te

ge
r)

 

N
ea

re
st

 
in

te
ge

r 
X

m
in

m
 

M
r 

In
te

gr
al

 
N

o
x

if
r 

of
 r

es
id

ue
 

R
es

id
ue

s 
m

ol
ec

ul
e 

ch
ym

ot
ry

ps
in

 

B
ov

in
e 

A 
P

or
ci

ne
 C

 
H

um
an

 
[2

5]
 

[4
] 

[2
9]

 

or
 c

hy
m

ot
ry

ps
in

og
en

 

F
in

 W
ha

le
 

D
og

fi
sh

 
[3

1]
 

[3
0]

 
St

re
pt

o-
m

yc
es

[3
2]

 
gA

O
O

g 
g/

13
80

0g
 

A
sp

ar
ti

c 
ac

id
 

10
.8

9 
10

47
 

13
.0

7 
(1

3)
 

13
61

1 
14

95
 

23
 

22
 

23
 

12
 

20
 

13
.7

0 
Th

re
on

in
e 

4.
60

 
21

76
 

6.
29

 
(6

) 
13

05
6 

60
6 

23
 

14
 

19
 

8 
14

 
18

.0
0 

Se
ri

ne
 

5.
80

 
15

16
 

9.
20

 
(9

) 
13

64
4 

78
3 

28
 

20
 

21
 

11
 

21
 

19
.0

0 
G

lu
ta

m
ic

 a
ci

d 
9.

37
 

13
65

 
10

.0
2 

(1
0)

 
13

65
0 

12
90

 
15

 
21

 
18

 
7 

13
 

7.
33

 
P

ro
li

ne
 

4.
18

 
22

98
 

5.
94

 
(6

) 
13

78
8 

58
2 

9 
12

 
15

 
8 

13
 

3.
59

 
G

ly
ci

ne
 

5.
36

 
10

73
 

13
.0

0 
(1

3)
 

13
94

9 
74

1 
23

 
25

 
25

 
12

 
21

 
26

.4
8 

A
la

ni
ne

 
3.

05
 

23
51

 
5.

93
 

(6
) 

14
10

6 
42

6 
22

 
12

 
24

 
11

 
22

 
18

.5
0 

H
al

f-
cy

st
in

e 
2.

81
 

36
69

 
3.

81
 

(4
) 

40
8 

10
 

7 
8 

6 
8 

2.
66

 
V

al
in

e 
8.

61
 

11
63

 
12

.0
0 

(1
2)

 
13

95
6 

11
88

 
23

 
19

 
22

 
12

 
22

 
11

.1
0 

M
et

hi
on

in
e 

0 
0 

(0
) 

2 
2 

2 
2 

4 
0.

50
 

Is
ol

eu
ci

ne
 

8.
19

 
13

92
 

10
.0

0 
(1

0)
 

13
92

0 
11

30
 

10
 

12
 

11
 

7 
10

 
7.

02
 

Le
uc

in
e 

8.
20

 
13

92
 

10
.0

5 
(1

0)
 

13
92

0 
11

30
 

19
 

18
 

18
 

10
 

10
 

8.
76

 
Ty

ro
si

ne
 

4.
83

 
34

03
 

4.
08

 
(4

) 
13

61
2 

65
2 

4 
6 

3 
2 

6 
6.

25
 

P
he

ny
la

la
ni

ne
 

3.
15

 
47

11
 

2.
85

 
(3

) 
14

13
6 

44
1 

6 
4 

7 
4 

3 
4.

48
 

H
is

ti
di

ne
 

3.
62

 
38

16
 

3.
65

 
(4

) 
15

26
4 

54
8 

2 
5 

4 
1 

4 
2.

86
 

Ly
si

ne
 

7.
55

 
17

11
 

8.
15

 
(8

) 
13

68
8 

10
24

 
14

 
7 

16
 

6 
10

 
0 

Ax
gi

ni
ne

 
5.

54
 

28
42

 
4.

80
 

(5
) 

14
21

0 
78

0 
4 

7 
8 

2 
7 

5.
82

 
T

ry
pt

op
ha

n 
2.

49
 

73
88

 
1.

87
 

(2
) 

14
77

6 
36

8 
8 

8 
5 

5 
12

 
1.

70
 8

 

T
ot

al
 

M
r 

99
.0

5 
12

5 
13

98
4 

13
61

0*
 

25
70

0 
23

80
0 

25
80

0 
; 1

70
00

 
24

50
0 

15
70

0 
a 

A
ve

ra
ge

 
of

 t
hr

ee
 

de
te

rm
in

at
io

ns
. 

b M
ol

ec
ul

ar
 

w
ei

gh
t 

co
rr

ec
te

d 
fo

r 
1 

m
ol

ec
ul

e 
of

 w
at

er
. 



428 K . - D . Jany, G. Pfleiderer, and H. P. Molitoris: Hornet Chymotrypsin 

23000 w h i c h is twice as high the other values ob­
ta ined . T h e est imation of molecular weights on 
dodecylsulfate gels based on the hypothesis that a l l 
proteins b i n d fa i r ly equal amounts of the detergent 
a n d that the complexes formed between prote in a n d 
detergent adopt the same shapes (i.e. conformations), 
such that the electrophoretic m o b i l i t y is a funct ion of 
the molecular weight and the pore size of the gel. If a 
prote in does not show such a behavior, the determina­
t i o n of the molecular weight becomes erroneous. 
K n o w n examples o f such proteins include polypep­
tides w i t h unusual charge [37,38], conformation [39] 
or w i t h unreduced disulfide bridges [40] and glyco­
proteins [41]. In the case that the prote in binds less 
detergent, the apparent molecular weight decreases 
w i t h increasing gel concentration, since the charge of 
the complex becomes less impor tant to the sieving 
effect of the gels [24]. Th i s is obviously not the case 
w i t h hornet chymotryps in , since the molecular 
weight remains constant at 23000 in the range of 
12.5—20°/ 0 acrylamide . The ambigu i ty o f this method 
in the case of hornet chymotryps in could be that this 
prote in deviates f rom the general behavior of pro­
teins in dodecylsulfate solut ion. 

D u r i n g preincubat ion of the proteins for dodecyl ­
sulfate gel electrophoresis carried out as described in 
Mater ia ls a n d Methods the proteins dissociate in to 
their polypeptide chains a n d disulfide bridges are 
reduced. B o v i n e c h y m o t r y p s i n consists of three 
polypeptide chains which are held together by 
disulfide bridges a n d therefore on dodecylsulfate 
gel electrophoresis two prote in bands are obtained 
(Fig.7). In comparison hornet chymotryps in gives only 
a single band . T h i s result suggests tha t hornet 
c h y m o t r y p s i n is a single polypeptide chain . However , 
further investigations are in progress to substan­
t iate this conclusion a n d to exp la in the anomalous 
behavior of hornet chymotryps in on dodecylsulfate 
gel electrophoresis. 

This investigation, was supported by the Deutsche For-
schungsgemeinschadt. We are indebted to Dr J. Ishay, 
Tel-Aviv University, for his gift and Dr H . - H . Kiltz for the 
amino-acid analysis. 
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