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Sumnary: Electron density map at 3.5 A resolution has been prepared for 
the strongly cross-linked acid protease from Endothia parasitica with phase 
angles determined by three uranyl and one platinite derivatives. The mean 
figure of merit is 0.85. The map fits the known acid protease foldings, 
and accounts for 326 residues. 

The importance and historical background for x-ray structural deter- 

mination of acid proteases have recently been presented elaborately (1,2). 

We shall not repeat here. 

In the course of our investigation of the structure of acid protease 

from Endothia parasitica, we are convinced, after careful and thorough 

scrutiny, that the strongly cross-linked protease crystal (3) is suitable 

for high resolution x-ray structural study. The following is the descrip- 

tion of our investigation. 

Experimental: The crude protease, a gift from Dr. Sardinas of Pfitzer 

Chem. Co., was purified by a modified Whitaker method (4,5). Crystals 

were grown as described by Moews and Bunn (6), except the pH was adjusted 

to 6.8 and without seeding. Largest crystals obtained had the size of 

lx3xO.5mm, and the average was 0.5xlxO.25mn. The crystals were cross- 

linked with glutaraldehyde (3). 

The heavy atom derivatives of three uranyls and one K2PtC14 (UA, UB, 

UC & Pt) were prepared as described in our previous report (3). Other 

heavy atoms that gave intensity changes were ThC14(lD'3M. 7 days) and 

K2HgBr4 (10m2M, pH=5, 24 hours). However, they were not included in the cal- 
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culation because the strength of these two derivatives extended only to 5A. 

X-ray data for the cross-linked (CL) and untreated (NT) natives and all 

the derivative crystals were collected on a Syntex Pi autodiffractometer, 

using Cu I$ radiation. @-scan was employed with the background measured be- 

fore and after each peak counts. Three reflections were chosen to monitor 

the decay of the protein crystal. The crystals were discarded when the check- 

ing reflections showed a loss of 10% of their original counts. The data were 

corrected for Lp and absorption (7) factors. Friedel pairs were collected 

for the natives (CL & NT) and all the derivatives mentioned above. Friedel 

pair differences (R(+,-)=2~/1F(+)l-]F(-)l~/~~/F(+)I+IF(-)l/) for the native 

(CL & NT) are both 0.037 (3.5A), the uranyls (UA, UB, UC) 0.055-0.060 (3.5A) 

and Pt, 0.035 (5.OA). The Friedel pairs were kept in separation for the uranyl 

derivatives. The merging R factors for the F's were between 0.035-0.045. 

UA difference Patterson was first solved with Harker section and an okfi 

projection (2 major sites). The protein phase determined by UA isamorphous 

replacement and anomalous scattering data were used to find UB, UC and Pt 

heavy atom positions and their relative origins with respect to UA as well as 

the correct enantiomorph of the protein. The coordinates, occupancy and tem- 

perature factors were first refined by least square on each uranyl derivative 

individually with empirical form factor. The coefficient FHLE(8,9,10) was 

used. After reaching convergence, difference maps (major sites substracted) 

were calculated for the uranyls to locate the minor sites. Several cycles of 

phase refinement (11,12) were carried out with UA, UB, UC and Pt. For the 

uranyls, the anomalous difference were included. The E value was estimated 

from the RMS of lack of closure of isomorphous replacement at each round of 

refinement for each derivative, and E", lack of closure of anomalous contri- 

butions. Initial mean figure of merit is 0.80, and after three rounds of 

refinement, m=0.85 (for both CL & NT). Heavy atom parameters were listed in 

our previous report (3). Statistics of refinement are listed in Table 1. All 

the calculations were carried out on a GA mini computer with programs written 

in this laboratory. 
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Table 1 Statistics of Refinement 

Resolution of RFHLE RMS(FH) 
m 

m 

Data A CL CL NT CL NT CL NT 

UA 3.5 0.48 0.078 0.091 1.78 1.72 
0.85 0.85 

UB 3.5 0.47 0.080 0.066 1.79 1.89 (m would be 0.82 if the 
anomalous dispersion 

UC 3.5 0.45 0.082 0.096 1.92 1 . 89 were incorrectly applied) 

PT 5.0 - 0.087 0.110 1.61 1.47 

RFtiLE= iIF~L~-FN call/lF~~~' RMS(Fi)/RMS(E") are between 0.7 and 0.9 for all the 

uranyls: 

Rk = CI IFPHI - IFp+FHI l/IlFpHl 

m = mean figure of merit 

Total number of reflection in calculating best Fouriers are 3875 for CL and 3754 for NT. 

Unit weight was used throughout the least squares refinements. 

Results and discussion: The electron density maps were calculated with coef- 

ficient mFexp(ia8) for both CL and NT. The grid is about 1 cm/A along the cell 

edges. In the maps, the average electron density of the main polypeptide chains 

is about 0.8 e/A3 (0.4-2.0) and side groups, about 0.4 e/A3 (0.2-1.0). Most of 

the large side groups are clearly seen. The main chain can be easily followed 

especially after the newly published results (1,2) reached us. Our maps are 

essentially in agreement with the 3A model (1) (Fig.1 CL). A break of continui- 

ty of the chain near the N-terminal is observed in both maps at the same loca- 

tion (Fig.2a-1 CL, 2a-2 NT). The ambiguity of electron density near the base 

of the active cleft where four chains met as described by the 3A model (1) is 

shown in Fig.2b (CL). The supposed active important Asp 31 and Asp 208 (in 
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Fig.1 Stereo drawing of the main polypeptide chain in Endothia parasitica 
(CL). The circles represent a-carbon positions. Numbers are tem- 
porarily assigned pending further refinement at higher resolutions. 
N and C indicate amino and carboxy-terminals. 

pepsin numbering (13); 33, and 223 in our numbering) are shown in Fig.2c. Both 

33 and 223 have large side groups protruding into the solvent trough. 

Both the N and C-terminals are very much like those of Rhizopus chinensis 

(1). The N-terminal for both CL and NT are shown in Fig.2a. The one on NT 

map (Fig.2a-2) should be interpreted as the 3A model (1). There are differences 

in FCL and FNT(R=~IIFCLI-IFNTII/CFCL =O.l) and in phase angles <~~~>=40'. The 

major features are almost identical except at the protruding parts in which 

the CL map gave more details and extended longer. All in all, the CL map could 

account for 326 residues and the NT map, about 315. The number of residues 

deduced from the CL map is in good agreement with the known amino acid compo- 

sition of this protease, 328 (14). The other acid proteases are also composed 

of similar number of residues: pig pepsin 327 (13), Rizopus chinensis 324 (1) 

and penicillopepsin 323 (15). In the 3A model, only 305 residues were 

observed (1). 
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Fig.2 

2a-1) 

2a-2) 
2b 

2c 

a-l 

Stereoviews of electron densSty maps. Initial contours at 2.5 e/A" 
level. Increment at 2.5 e/A . Solid spots indicate approximate a- 
carbon positions, a-axis is along the horizontal direction. b-axis 
is along the normal direction. Interlayer distance is approximately 
1A. 
Environment of N-terminal for CL. Eight layers (1.189-1.090). 
Residue 7 should be placed in the region of discontinuity. 
N-terminal for NT. Eight layers. 
The region where four chains (29...32, 120...125, 38...41, and 85...90) 
meet. Ten layers (1.054-0.932). 
Active groove. Solvent trough formed by chains 221...223, 33...37, and 
73...79. 33 and 223 could be the two aspartic acid. Their protruding 
side groups are clearly seen. Six layers (0.919-0.851). 
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The only disulfide bond that could be identified in the CL map is formed 

between 258 and 285 (in our numbering) similar to Cys 250 and Cys 283 (in pig 

pepsin numbering) in pepsin (13) and in penicillopepsin (2). 

The improved clarity of the protruding loops in the CL map is probably 

due to the network formed by cross-linking reaction which provides a better 

support of the protein.molecule in the crystal lattice than the original 

mother liquid (2.7 M ammonium sulfate). It is very fortunate that in spite 

of the radical change of environment for the protein molecule (from 2.7 M 

ammonium sulfate to pure water), the folding of the molecule is not observably 

affected, and the CL enzyme still retains its biological activity (3). 
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