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Summary. It was found that polypeptide chaina of porcine pepsin
molecules and mold acid proteases consisik of four to-
pologically equivalent structural units. Each pair of
units forms domain, The symmetrical packing of two units
within each domain is the important structural feature
of acid proteases. Although the primary structures of
the four structural units are in general not homologous
there are close similarities of the sequences of some
topologically equivalent elements.These data are consi-
dered as the development of the idea on gene duplica-
tions and the subsequent fusion during evolution of
acid proteases.

In the last year data on the three-~dimensional structure of
four acid proteases were published (1-4). While investigating the
structural properties of the porcine pepsin molecule and comparing
it to the molecules of mold acid proteases we have found some
features which are common for all members of this class of enzymes
and by our consideration represent an important structural
property. The purpose of this publication is the description of
this property.

The conformation of a pepsin chain (4,5) is presented in
Fig.1. It is very close to those of other acid proteases (6,7) -
all elements of the secondary structure of pepsin - ‘P -gtrands
and helices are arranged in the same order within a molecule as
for mold acid proteases. The overall dimensions and the shape of
a molecule consisting of two domains separated by a large cleft
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Fig. 1 Stereo~drawing of the conformation of pepsin chain (5).

are also close to those of other enzymes ,which belong to the
class of acid proteases.

To describe the structural properties of each domain we
tried at first to follow the sequence of the prominent loops
along the chain.Two types of loops are presented in acid pro-
teases: 9 ~hairpins with the arms formed from extended segments
which are close enough to each other to form hydrogen bonds,
and wide loops with the arms which are far enough to incorpo-
rate an additional extended chain segment between them with the
formation of so called "psi shaped" structure (8) very specific
of acid proteases.

The first prominent loop of the N~terminal domain is the
P ~hairpin which has one arm containing residues with numbers
14-18 (labelled in (8) as b} gtrand) and the other (cI) begin-

ning at residue 24. This cq strand is also the arm of the wide

* We use here the notation of strands and segments proposed in (8)
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loop containing the bend at 28-32 segment (c2) and the second
arm (d-strand) with residue numbers 37-42. The next structural
element is a small piece of a helix 58-62 (7), then the next f-
hairpin follows,containing er and £ strands with residue num-
bers 70-83.

Following along the chain one can see that this sequence of
the structural elements P -~hairpin, wide loop, belix, p -hair-
pin repeats in the N-terminal domain of acid protesses once more:
the‘ﬁ ~hairpin 88-96 including fI and f2 strands, then after
small insertion the wide loop with the bend at 108-112 segment
and arms 104-107 (gI) and 117-122 (hI), the helix 138-143 and
the jb ~hairpin 152-165 containing i and J strands.

The same sequence of the structural elements repeats also
two times in C terminal domain, - the g ~hairpin 194-206 contaln-
ing 1 and m strands,the wide loop with the bend at 213-217 seg-
mnent or o, and arms 202-207*,220~224 or n strand,helix 225-235
and the p ~hegirpin 237-248 containing nﬂand n, strands;the next
structural unit is beginning at 275 residue and has the first
=hairpin at the segment with residues 275—284,then the wide loop
286-303 follows with the strands o and p, helix 304~308 and the
P«-hairpin with the bend at 316-317 residues containing the strands
r and q. The mubtual arrangement of hairpins,wide loops and heli-
ces 1is the same in different structural units.Root mean square
deviations of coordinates for topologically equivalent A =carbons
are the following: for the first and the second structural units
- 2.488, for the second and the third units - 2.204, for the se-
cond and the fourth ; 2.072 (Pig. 2).

The inspection of these data suggests that the polypeptide
chain of acid proteaseg containg a small structural unit of about

*There is a small insertion in the primary structure of pepsain
- cystine loop 206-210, which was not taken into account.
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Fig. 2 BSuperposition of the second and the third structural
units of pepsin.

70 amino acid residues.The unit includes four elements: A~ the
first P‘-hairpin, B - wide loop, C - helix and D - the second
P-4hairpin. The repeating of the unit leads to the formation of
the N-terminal domsin, followed by the connecting region between
domains (165~195), and then this structural unit repeats two times
once more providing the formation of the C~terminal lobe. This
consideration permits to describe the structure of acid protea-
ses in very simple terms. The first unit contains elements Aﬂ,Bq
Cq,Dq , the second - A2, B2, 02, D2 and so on. The connecting re-
gions between elements can be denoted as for example AIBI,BICI,
CIDI'. Then 225-235 helix is 03 element, active aspartic acid
215 is in B3 loop, active aspartic acid 32 belongs to BI loop,

DI is the "flap" above active site region containing Tyr-75, D4
is C~-terminal hairpin and so on.

*
The structural similarity of units does not concern some regions
connecting structural elements,and the length of helices.
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Fig. 3 Supersecondary structure of the ¥ and C terminal domains
of acid proteases.
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One of the most interesting structural features of acid pro-
teases is the symmetrical arrangement of different units in each
domain (Fig.3). Two wide B-loops penetrate into each other for-
ming two ''psi-shaped" regions,containing +two opposite pairs
of parallel strands,followed by helices. This kind of arrange-
ment of ? ~strands is the specific feature of acid proteases, the
examples of the supersecondary structure of this type for P -
proteins are not yet known ( 9). We call this type of P -strands
arrangement "pepsin fold". One can see that every structural unit
has only antiparallel ﬁ -structure,however, the packing of units
in each domain provides the formation of the extensive ﬁ =sheet
with the antiparallel and parallel strands described in previous
publication (7).

The resemblance of the N and C~terminal domain conformations
of acid proteases and its relationship to the internal homolo-
gy of pepsin primary structure was the subject of publication by
J.Tang et.al. (8). The resemblance of the three~dimensional
structure of the N and C terminal domains is obviously the conse-~
quence of the presence of topologically equivalent structural
units in each domain.

In spite of the large number of repeating sequences in pep-
sin (10) , the alignment of the primary structures of the N and
C terminal domains of pepsin and penicillopepsin performed in (8)
shows lack of similarity except the two active site loops (B1 and
B3 by our notation). The alignement of amino acid sequences of the
four structural units includes some additional homologous elements
of pepsin primary structure (Table 1). For example, the repeating
segments containing some tryptophams are in equivalent positions,
all A hairpins have one or two glycines at turns and their sequen-~

ces look very much similar,especially,those of A.,I and A2 hairpins.
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This similarity ,however, concerns only several regions and in ge-
neral the homology is not obvious.

Neverthless the idea on gene duplication and subsequent fu-
gion proposed for the explamation of structural similarity of the
domains of acid proteases may be equally applicable for the expla-
nation of the structural resemblance of the four structural units
of these enzymes. The symmetrical packing of the units in each do=-
main seems to be an important feature of acid proteasea.

We are grateful to Mr.Gdanov for the preparing of stereo-

drawings and calculations.
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