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Abstract 

The first crystal structure of an active autolysate form 
of porcine ~-trypsin (APT), a two-chain molecule ob- 
tained from the limited autolysis of porcine /3-trypsin 
at position Lys145-Ser146, has been determined. APT 
crystallizes in space group P212121 with one protein 
molecule in the asymmetric unit. The structure was 
solved by molecular replacement followed by refinement 
using X-PLOR to an R factor of 0.200 and a n  Rfree of 
0.285 for 8.0-1.8 * data with r.m.s, deviations from 
ideal values of 0.01/~ and 1.7 ° for bond lengths and 
bond angles, respectively. Comparison with inactive 
autolysate porcine e-trypsin (EPT) and porcine f3-trypsin 
in complex with bittergourd trypsin inhibitor (MCT) 
revealed a small but systematic directional chain shift 
around the active-site residues from APT to EPT to 
MCT. 

I. Introduction 

Serine proteinases are of considerable importance in 
catalyzing many biological processes. Their roles span 
from basic functions in digestion to key regulatory 
mechanisms such as peptide hormone release, coag- 
ulation and complement activation (Reich, Riffkin & 
Shaw, 1975; Ribbons & Brew, 1976). The active centre 
of porcine trypsin, a serine proteinase, is a charge- 
transfer catalytic triad composed of His57, Ser195 
and Aspl02. Guo, Guan & Zhang (1985) isolated 
three autolysates of porcine f3-trypsin, a double-chain 
b-trypsin which is cleaved at position Arg117-Val118, a 
three-chain -)'-trypsin with breaks at Lys 159-Ala160 and 
Arg117-Val 118, and a three-chain or-trypsin cleaved 
at Lys159-Ala160 and Lys145-Ser146. These three 
autolysates still had trypsin activity against benzoyl- 
L-arginine ethyl ester (BAEE). Huang, Wang, Li, Liu 
& Tang (1994) reported the only crystal structure of 
a trypsin autolysate named porcine e-trypsin (EPT) 
which is inactive and has breaks at Lys60-Ser61 and 
Lys145-Ser146. APT, reported in this paper, is a double- 
chain porcine trypsin with a break at Lys145-Ser146 
and has trypsin activity against benzoyl arginine 
p-nitroanilide (BAPNA) (Erlanger, Kokowsky & Cohen, 
1961). 

Most crystal structures of trypsin are those of inhib- 
ited enzymes because during the course of crystalliza- 
tion, uninhibited enzymes undergo autolysis and then 
cause the crystallization to fail. Therefore, it is inter- 
esting to compare the structure of the active autolysate 
reported here with those of the inactivated autolysate 
EPT and porcine f3-trypsin complexed with bittergourd 
inhibitor (MCT) (Huang, Liu & Tang, 1994). 

2. Experimental 

2.1. Crystallization and data collection 

APT was obtained from limited autolysis of porcine 
/3-trypsin purchased from Sigma Chemical Company, St 
Louis, MO, USA (Schroeder & Shaw, 1969). The activ- 
ity of the enzyme was assayed by the standard method 
(Erlanger et al., 1961) after incubation at an elevated 
temperature for a designated period of time with BAPNA 
as substrate. The crystals were grown at 293 K by vapour 
diffusion using the hanging-drop technique. The drop 
contained 15 mg ml -~ of protein and 20 mM CaC12 in 
0.05 M sodium acetate buffer pH 6.7. The precipitant and 
reservoir solutions were 0.04M and 1.5 M ammonium 
sulfate in the same buffer. The precipitant and the protein 
solutions were mixed in the ratio of 1:1 in the hanging 
drop. Needle-shaped crystals were obtained after one 
week. The size of the crystal used for data collection was 
0.1 z 0.3 x 1.6 mm and it diffracted up to a resolution 
of 1.8/~. The cell constants are a=  77.70, b= 53.82, 
c= 47.08/~. The space group is P212121 with Z = 4  and 
V= 1.97 x 105/~3. The diffraction data were collected 
on a MAR Research X-ray imaging system, processed 
and scaled using MarXDS. Data-collection statistics are 
given in Table 1. 

2.2. Structure solution and refinement 

The crystal structure was solved by the molecular 
replacement method (Huber, 1985; Rossman & Blow, 
1962) using X-PLOR. Since the APT crystals were 
isomorphous with those of EPT, the search model con- 
sisted of the coordinates of porcine /?-trypsin in MCT 
placed in the EPT unit cell. EPT itself was not used 
as a model in order to eliminate bias in the positions 

© 1997 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Cr3'stallographica Section D 
ISSN 0907-4449 © 1997 



312 ACTIVE AUTOLYSATE FORM OF PORCINE a-TRYPSIN 

Table 1. Data collection statistics 

The values of R and Jfree for the refined structure are also indicated. 

No. of No. of unique 
Resolution reflections reflections Percentage 
range (,~) measured F >_ hr(Fo) completion Rmerg e (%) R value Rfree 

8.0-6.0 924 295 92.8 4.8 0.26 0.32 
6.0-4.0 3852 1223 95.5 5.1 0.14 0.24 
4.0-3.5 2599 833 96.7 7.6 0.14 0.22 
3.5-2.8 7617 2401 96.5 10.3 0.19 0.31 
2.8-2.5 6282 1921 95 18.6 0.24 0.27 
2.5-2.25 7970 2459 94.5 23.9 0.26 0.30 
2.25-2.0 12181 3769 93 35.1 0.26 0.30 
2.0-1.8 15077 4585 91.3 66.1 0.27 0.31 

Total 56502 17486 95 8 0.20 0.28 

of the chain breaks. A consistent solution at Euler- 
Jan angles 01 = 0.0, 0~_ = 0.0, 03 = 0.0 ° and translation 
6X=0.0, 6Y=0.0, 6Z=0.0 appeared in five different 
resolution ranges. The initial R factor for data in the 
resolution range 8.0-2.5 ]~ with 2cy cut-off in F was 
0.426. Rigid-body refinement and positional refinement 
using X-PLOR resulted in a model with an R factor 
of 0.282 and Rfree of 0.372. Subsequently a cycle of 
simulated-annealing refinement (Brtinger, Kuriyan & 
Karplus, 1987; Bdinger, Krukowski. & Erickson, 1990) 
reduced the R factor to 0.222. The structure was further 
refined using 8.0-2.0/~ data and the model was corrected 
using (2Fo- Fc) and (Fo- Fc) maps employing TURBO 
FRODO (Jones, 1978). The autolysis site was confirmed 
using omit maps. A total of 111 solvent molecules were 
added at stereochemically reasonable positions with the 
help of (2F,,-F,.) and (Fo-Fc) maps. Even though 
the Rmer e fo r  the reflections in the resolution range 
2.0-1.8 ~ was high they were also included in refine- 
ment calculations as this is known to improve the elec- 
tron density (Dodson, Kleywegt & Wilson, 1996). All 
reflections with F_> or(F) were used in the final cycles. 
The refinement terminated at R= 0.200, Rfree = 0.285. 
The final refinement characteristics are given in Table 
2. The structure solution, fitting and refinement were 
performed on a Silicon Graphics Crimson/Elan system. 
The final refined coordinates have been deposited with 
the Brookhaven Protein Data Bank* 

3. Results and discussion 

3.1. Overall structure 

The overall structural features of APT are very similar 
to those of EPT and the trypsin molecule in MCT and 
trypsin complexed with the inhibitor 2-amino methyl 
cyclohexane (TNG) (Kurinov & Harrison, 1994). The 
main-chain atoms of APT superposes on those of the 
other three structures with r.m.s, deviations of 0.27, 0.47 

* Atomic coordinates and structure factors have been deposited with 
the Protein Data Bank, Brookhaven National Laboratory (Reference: 
I AKS, R1AKSSF). Free copies may be obtained through The Manag- 
ing Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CHI 2HU, England (Reference: V J0006). 

Table 2. Final refinement parameters 

Resolution range (A) 8.0-1.8 
No. of unique reflections used for refinement 17486 
No. of protein atoms 2032 
Calcium 1 
Water O atoms 111 
R value 0.200 
Free R 0.285 

R.m.s. deviations from ideal geometry 
Bond length (A) 0.01 
Bond angle (°) 1.7 
Torsion angle (°) 26.9 
Improper angle (o) 1.5 
Estimated mean coordinate error (Luzzati, 1952) 0.2 

and 0.46/~, respectively. The Ramachandran plot for the 
structure is given in Fig. 1. While most of the amino- 
acid residues are in the allowed regions (Ramachandran, 
Ramakrishnan & Sasisekaran, 1963), a few of them have 
qo-~/~ angles outside the allowed regions as is also the 
case with other known homologous trypsin structures. 
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Fig. 1. Ramachandran plot for the main-chain torsion angles. Glycine 
residues are shown as squares. This figure and Figs. 2 and 3 were 
prepared using TURBO FRODO (Jones, 1978). 
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Fig. 2. Stereoview of the 
2 F o - F c  map around the 
autolysis site Lys145-Ser146 
of APT. 

# / 

The comparison indicates that these homologous struc- 
tures differ from one another in minor details but their 
overall conformation is the same. However, systematic 
chain shifts, though small, are observed at a few places 
between APT, EPT and MCT. 

The final 2F,-/7, ,  and F o -  Fc electron-density maps 
show a break after Lys145. The density could be seen 
again from Serl50. The region Ser146-Ser150 was 
included in the model in the final stages and they gained 
weak electron density (Fig. 2). A similar situation was 
observed in the case of EPT which has one break 
at Lys145-Ser146 in addition to that at Lys60-Ser61. 
However in APT which is active, the Lys60-Ser61 is 
not lysed as seen from the electron density (Fig. 3). 
The autolytic site is marked by an abnormally high 
temperature factor as can be seen from Fig. 4 which 
illustrates the variations of B along the polypeptide 
chain. The calcium-binding site is quite important for 
the integrity of the trypsin structure and the calcium ion 
is bound almost in the same manner in APT, EPT and 
MCT. 

3.2. Active site 

APT is 80% as active as porcine (:/-trypsin. The 
hydrogen-bond geometry around the active centre is 
similar to that in EPT, MCT and TNG. There seems 
to be a directional relative shift of residues (Fig. 5) 
in regions L1 (residues 32--44), L2 (residues 54-60), 
L3 (residues 64-103), L4 (residues 151-157) and L5 
(residues 191-197) around the active site of APT when 

Fig. 3. Stereoview of the 
2F, - F,  map around 
Lys60-Ser61. 

compared with EPT and MCT. On the whole these 
residues are father away from the centre of the active 
site in APT than in EPT. Those in MCT are closest to 
the centre. This pattern of shift can also be discerned 
from Fig. 6 which illustrates the atomic positions in the 
three structures in a sphere of 8/~ radius around the 
centre of the active site. It can also be seen from this 

.< 
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Fig. 4. Temperature factors averaged for the side-chain (dotted) and 
main-chain (thick line). This figure and Figs. 5 and 6 were prepared 
using lnsightII (Biosym Inc., 1993). 
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Fig. 5. Superposition of the C ~ 
traces of APT (yellow line), EPT 
(green line) and MCT (red line). 
Active-site residues are shown in 
ball-and-stick representation. See 
text for details. 

figure that autolysis at Lys 145-Ser146 does not affect the 
conformation of the active center. Another interesting 
observation pertains to the temperature factor of Leu99 
which is at the entrance of the active site. The value is 
high in APT (18/~2) as in other inhibited active trypsin 
forms ("~16/~2) while it is very low (2/~2) in EPT. Thus, 
the flexibility of residue Leu99, the intact Lys60-Ser61 
bond and the systematic shift referred to above may be 
responsible for the activity of this autolysate. 
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Fig. 6. Comparison of atoms within 
a sphere of 8 A around the active 
site of APT (yellow line), EPT 
(green line) and MCT (red line). 
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