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SUMMARY: An electron density map for the pepsin-like enzyme from Rhizopus 
chinensis has been calculated at 5.52 resolution. The molecular boundary 
has been defined and certain secondary structural details have been inferred. 
The molecule is bilobal and has a large cleft in which several inhibitors 
have been observed to bind. 

The acid protease from Rhizopus chinensis is a proteolytic enzyme, 

molecular weight 35,000, first isolated by Fukumoto et al. (1). The 

enzyme is active in the pH range 2-5, and has catalytic properties similar 

to pepsin, rennin and cathepsin D (2). It has a single polypeptide chain 

of about 330 amino acids, but only limited sequence information is avail- 

able (3,4). In this report, we present a low-resolution (5.5X) structure 

of the enzyme as determined by x-ray diffraction methods. Preliminary 

low resolution x-ray analysis has also been carried out on pepsin (5) and 

on two fungal acid-proteases from penicillium janthinellum (6) and Endothia 

parasitica (7). 

Conditions for obtaining the crystals of the Rhizopus enzyme have been 

described earlier (8). The crystals are orthorhombic, with a unit cell 

of a = 60.3X, b = 60.7X, c = 107.1X, spacegroup P212121 and one molecule 

per asymmetric unit. The solvent content is about 56% (8). Heavy-atom 

derivatives were prepared by soaking the crystals in appropriate reagents 
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and the data pertinent to these are given in Table 1. All intensity data 

were collected on a Picker FACS-I computer-controlled diffractometer. The 

major site of attachment in each derivative was located in difference- 

Patterson syntheses and were checked by cross difference Fourier calcula- 

tions. Additional sites were picked up subsequently from difference- 

syntheses. The occupancies and positional parameters of the heavy atoms 

were refined by alternate cycles of phasing and least-squares refinement 

(10). The results of the refinement are in Table 1. The mean figure of 

merit for 1317 reflections is 0.92. 

A three-dimensional electron density map at 5.52 resolution was 

computed with the "centroid" phases (11) from the above derivatives. 

The molecular boundary could be clearly defined and revealed the enzyme 

to have the appearance of an elongated and somewhat flattened ellipsoid 

with approximate dimensions of 31 x 40 x 60 8, Fig. la and lb. These 

dimensions resemble those reported for other acid proteases (6,7). The 

molecules pack length-wise, in a "head-to-tail" fashion roughly along the 

c axis. - It is only at the ends where two molecules are in contact that 

there is any question at all about the position of the molecular boundary. 

In the middle of the ellipsoid, running roughly parallel to the 402 

axis of the ellipsoid is a deep groove (Figure la). It is in this groove 

that difference electron density maps have revealed the presence of the 

binding sites for two inhibitors of the enzyme, 1,2-epoxy-3(p-nitrophenoxy) 

propane (12) which has been shown to react with an active site aspartyl 

residue (Asp 32) in pepsin (13); and pepstatin (14) which is a strong 

competitive inhibitor of the enzyme (15). The epoxide was a gift from 

Dr. Jordan Tang. The pepstatin was received from Dr. Tang and also from 

Dr. H. Umezawa. It is also interesting to note that many of the heavy 

atom derivatives have one site located in this cleft (actually a matter 

of inconvenience from the point of view of the 'phase problem'). 

The molecule is divided into two lobes by the cleft and one of these 
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Figure la. Binding site cleft for epoxide and pepstatin molecules (arrow). 
The "B-barrel" structure is the left-half of the figure. 

X 

Figure lb. Arrow indicates possible a-helical segment. 
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exhibits a striking distribution of electron density in the form of a 

hollow cylinder (Fig. la, left) running nearly parallel to the b axis of 

the crystal. The cylinder is located near x = 0.6a, z = 0.8~ and has a 

length of about 30x. It is elliptical in cross section with axes of 

15s and 10x. Very similar features have been observed in the serine 

proteases (16,17), in the enzyme superoxide dismutase (18), in triose 

phosphate isomerase (22), in human plasma prealbumin (23) and in the 

immunoglobulins (19,20,21) where they have been shown at high resolution 

to be due to a structural arrangement known as a "B-barrel". The walls 

of the barrels consist of a number (6 to 8) of extended chains generally 

running anti-parallel to one another and forming a pleated sheet structure. 

Amino acid residues on the inside of the barrel constitute a predominantly 

hydrophobic core and do not in general show up as significant electron 

density at 5.5w resolution. 

The other lobe of the molecule is much less well defined. It contains 

one rod of high electron density also running roughly parallel to the y  axis 

and located near x = 0.73, y  = 1.20 to 1.40, z = 1.02. It is approximately 

122 long and could presumably represent a short piece of a-helix (Fig. lb). 

The structure is currently being extended to higher resolution. The 

availability of inhibitors together with the large amount of free space 

around the binding site suggests that this enzyme may be particularly 

favorable for further study, 
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