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Summary. It was found that polypeptide chains of porcine pepsin 
molecules and mold acid proteases consisA 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 proteaaes. 

In the last year data on the three-dimensional structure of 

four acid pro-teases were published (I-4). While investigatingthe 

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 proper*. 

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 seoondary structure of pepsin - p -strands 

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: p -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 

(3 -hairpin which has one arm containing residues with numbers 

14-18 (labelled in (8) as b; strand) and the other (c,) begin- 

ning at residue 24. This CT strand is also the arm of the tide 

* We use here the notation of strands and segments proposed in (8) 
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loop containing the bend at 28-32 segment (c,) and the second 

arm (d-strand) with residue numbers 37-42. The next structural 

element is a small piece of a helix 58-62 (71, then the next ~3~ 

hairpin fcllcws,ccntaining e1 and f strands with residue num- 

bers 70433. 

Following along the chain one can see that this sequence of 

the structural elements J3 -hairpin, wide loop, helix,p-hair- 

pin repeats in the R-terminal domain of acid proteases once more: 

the/3-hairpin 88-96 including fI and f2 strands, then after 

small insertion the wide loop with the bend at 10&112 segment 

and ~U-IIW 104-107 (g,) and IIT-122 (hII, the helix 138-143 aSd 

the JJ -hairpin ? 52-165 containing i and j strands. 

The same sequence of the structural elements repeats also 

two times in C terminal dcmain,,,the)3-hairpin 194-206 ccntain- 

ing 1 and m strands,the wide loop with the bend at 213-217 seg- 

ment or a2 and arms 202-207*,220-224 or n atrand,helix 225-235 

and the p -hairpin 237-248 containing n.,snd n2 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 c and p, helix 304-308 and the 

B 
-hairpin with the bend at 316-317 residues containing the strands 

r and q. The mutual arrangement of hairpins,wide loops and heli- 

ces is the same in different structural units.Rcct mean square 

deviations of coordinates for tcpclcgically equivalent 4-carbons 

sre the following: for the first and the second structural units 

- 2.4&, for the second and the third units - 2.2Oi, for the se- 

ccnd and the fourth - 2.07i (Fig. 2). 

The inspection of these data suggests that the pclypeptide 

chain of acid proteases contains a small structural unit of about 

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

70 amino acid reaidues.The unit includes four elements: A- the 

first p-hairpin, B - wide loop, C - helix and D - the second 

p-hairpin. The repeating of the unit leads to the formation of 

the M-terminal domain, followed by the connecting region between 

domains (16+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 A,,,B,, 

C, P, 9 the second - +s B2, C2, D2 and so on. The connecting re- 

gions between elements can be denoted as for example AIBI,BICI, 
* 

CIDI * Then 225-235 helix is C3 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 Qr-75, D4 

is C-terminal hairpin and so on. 

l The structural similarity of units does not concern some regions 
connecting structural elements,and the length of helices. 
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One of the most interesting structural features of acid pro- 

teases is the symmetrical errengement 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 strends,followed by helices. This kind of arrange- 

ment of B -strands is the specific feature of acid proteases, the 

examples of the supersecondary structure of this type for 
B- 

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~ -structure,however, the packing of units 

in each domain provides the formation of the extensive p -sheet 

with the antiparallel and perallel 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 (lo) , 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 (B,, 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 I). For example, the repeating 

segments containing some tryptophans are in equivalent positions, 

all A hairpins have one or two glycines at turns and their sequen- 

ces look very much similer,especially,those of A,, and A2 hairpins. 

37 



Ta
bl

e 
1 

Am
in

o 
ac

id
s 

se
qu

en
ce

s 
of

 
fo

ur
 

st
ru

ct
ur

al
 

un
ite

 
of

 
po

rc
in

e 
pe

ps
in

 
an

d 
pe

ni
cil

lo
pe

ps
in

* 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
11

 
12

 
13

 
14

 
15

 
15

 
15

 
I6

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
* 

* 
* 

* 
* 

* 
* 

* 
24

 
25

 
26

 
27

 

IG
DE

PL
 

El
 

H
YL

D
TE

Y 

VA
TH

TP
 

T 
A

 
F1

- 
D

 
E 

B 
Y

 

**
**

**
 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* 
*'8

, 
68

 
89

 
90

 
* 

91
 

92
 

93
 

Q
 EG

YW
 

cl
 

I 
!I 

Q
G

FW
 

s 
F 

m
 86

 
87

 
88

 
89

 
90

 
91

 
92

 
* 

93
 

94
 

95
 

YR
TV

Q
VH

 
BI

: 

T~
~~

~V
~ 

HV
I 

94
 

95
 

96
 

97
 

98
 

9g
20

0 
*0

1 
* 

' 

L/
ijS

U
~Y

~ 
/g

 

Vf
ijm

YM
A(

?i
J 

S 

**
**

**
 

* 
* 

* 
* 

* 
* 

* 
*2

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

81
 

82
 

SA
Y@

LQ
@

D
D

S-
 

@
HY

G
PS

@
B@

S1
 

-A
 

36
 9

7 
98

 
99

'0
0 

01
 

02
 

03
 

DT
BQ

IF
G

L 

AH
D

Q
AV

Q
A 

* 
* 

* 
* 

* 
* 

* 
* 

33
 8

4 
85

 
86

 
* 

* 
* 

* 

C
 

T 
S 

G
 

C
 

LB
G

 

A
 

Q
 

D
 

F 
- 

T 
T 

L 

14
 0

5 
06

 
07

 

s 
tm

lE
 

A
 

B-
d-

 
1 

* 
02

 
03

 
04

 

au
 

E 
TI

 

Em
 

G
 

17
 8

8 
89

 
90

 

F@
G

I 

Ip
Jp

J 



* 
* 

* 
* 

* 
* 

**
**

**
 

05
 

06
 

07
 

08
 

09
 

10
 

AC
SG

G
C

 

D
G

F-
-- 

**
**

**
 

T
ab

le
 

1 
(c

on
tin

ue
d)

 

!8
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

* 
* 

37
 

38
 

39
 

40
 

41
 

42
 

Tv
O

B@
BB

s~
 

Np
lJp

lP
S 

N
Ll

iB
fla

aS
A 

D
[4

TB
VB

S 

)8
 

09
 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

* 
* 

17
 

18
 

19
 

20
 

21
 

22
 

PG
Sa

LY
YA

P 
"""

m
J~

 
nA

Q
@

Q
PD

nn
 

ND
G

BL
G

 

I1
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

* 
* 

20
 

21
 

22
 

23
 

24
 

25
 

G
A&

Jv
l!lO

B~
a 

LD
T

G
P

T
 

g~
~b

@
flfl

m
~ 

Lu
L@

IB
D

 

1 4 

I2
 

3 
44

 
45

 
46

 
47

 
48

 
49

 
50

 
51

 
52

 
53

 
54

 
* 

VY
C

SD
LA

C
aD

H
X 

TE
LP

AS
Q

Q
SG

AS
 

!3
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

34
 

LA
 

YP
 

pJ
 

~J
G

AT
- 

I 
S 

A
 

LA
FS

SI
BT

VQ
PQ

S 

**
**

**
**

**
**

* 

* 
* 

* 
* 

91
 

92
 

93
 

94
 

95
 

96
 

97
 

98
 

99
 

30
0 

30
1 

02
 

03
 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 

* 



Ta
bl

e 
1 

(c
on

tin
ue

d/
) 

55
 

56
 

57
 

58
 

59
 

60
 

61
 

62
 

63
 

64
 

* 
* 

65
 

66
 

67
 

68
 

59
 

70
 

71
 

72
 

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

80
 

81
 

82
 

83
 

Q
FE

PD
DS

ST
F 

E
 

A
 

T 
S 

Q
EL

SI
TY

G
TG

SY
-T

G
I 

VY
N

PS
A/

?j
G

&-
 

EL
 

S 
G

 
Q

TW
Q

I~
YG

DG
SS

~S
~N

 

35
 

36
 

37
 

38
 

39
 

40
 

41
 

42
 

43
 

44
 

45
 

46
 

47
 

48
 

49
 

50
 

51
 

52
 

53
 

54
 

55
 

56
 

* 
57

 
58

 
59

 
60

 
61

 
* 

62
 

63
 

64
 

PV
FD

M
LW

D
Q

G
LV

SQ
D

L 
FB

D
YL

S 
SN

 
D

D
 

S 
0 G

 
S 

V
 

PT
TF

@
D&

aS
SL

AQ
PL

 
Fz

m
AL

K 
HQ

 
Q

 
P(

qV
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

* 
* 

*2
35

 
36

 
37

 
38

 
38

 
39

 
40

 
41

 
42

 
4 

* 
4 

4 
4 

4 
4 

43
 

44
 

45
 

46
 

sA
IA

IN
I@

 
D

 
I 

G
A 

-@
EN

S 
DO

EM
 

SV
VS

Q
YY

@
@

 
V

 
S 

G
 

A
 

Q
 

Q
 

D@
N 

lzl
@

@
 

y 

* 
* 

* 
* 

* 
* 

* 
4 

*3
11

 
12

 
73

 
14

 
15

 
16

 
4 

4 
4 

4 
4 

4 
17

 
18

 
19

 
20

 

YT
@

FD
R

 
AM

 
N 

K 

@
V~

FD
~ 

D
i+

 
Q

 

34
 

85
 

03
 

n VP
 

55
 

66
 

cl
 VL

 

YD
 

!7
 

48
 

a v 
I 

n VP
 

?l
 

22
 

Em
 

L 
G

 



Ta
bl

e 
1 

(c
on

tin
ue

d)
 

P 

67
 

68
 

69
 7

0 
71

 7
2 

73
 

74
 

75
 

76
 

77
 

78
 

79
 8

0 
81

 
82

 
83

 
84

 
84

 

UG
G

ID
~~

YY
'P

G
SL

B~
~P

~-
 

FG
FI

D
SS

KY
TG

SL
TY

Ta
VD

 

49
 5

0 
* 

* 
* 

51
 

52
 

53
 

54
 

55
 

56
 

57
 5

8 
59

 6
0 

61
 

62
 

63
 6

4 
65

 6
6 

67
 6

8 
6g

 7
0 

71
 

72
 

s 
c 

~/
~I

D
SL

PD
IV

FT
ID

G
VQ

 
Y

P
LS

P
 

T 
C

 
~B

VT
BL

PV
SI

SH
Y-

TA
T 

V
P

 
G

 
S

 
L 

23
 

24
 

25
 

26
 

27
 

E
l 

A
 

PV
 

A
 

F 
A

 
P 

Q
 

A
 

* 
A

s 
th

e 
th

re
e-

di
m

en
si

on
al

 
st

ru
ct

ur
es

 
of

 
pe

ps
in

 
an

d 
pe

ni
ci

llo
pe

ps
in

 
ar

e 
ho

m
ol

og
ou

s,
 

th
e 

se
- 

qu
en

ce
 

of
 

pe
ni

ci
llo

pe
ps

in
 

is
 

us
ed

 
fo

r 
st

at
is

tic
. 

!l!
he

 
se

qu
en

ce
s 

ar
e 

al
ig

ne
d 

in
 

ac
co

rd
an

ce
 

w
ith

 
(7

). 
E

xc
ep

tio
ns

 
ar

e 
th

e 
di

sp
la

m
m

en
ts

 
of

 
so

m
e 

re
si

du
e 

po
si

tio
ns

 
in

 
th

e 
re

gi
on

s 
of

 
de

- 
le

tio
ns

. 
- 

de
le

tio
ns

 
in

 
th

e 
st

ru
ct

ur
e 

of
 

po
rc

in
e 

pe
ps

in
 

an
d 

pe
ni

ci
llo

pe
ps

in
 

in
 

ac
co

rd
an

ce
 

w
ith

 
(7

). 
+ 

id
en

tif
y 

th
e 

po
si

tio
ns

 
w

he
re

 
th

er
e 

ar
e 

no
t 

to
po

lo
gi

ca
lly

 
eq

ui
va

le
nt

 
re

si
du

es
. 



Vol. 87, No. 1, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

This similarity ,however, concerns only several regions and in ge- 

neral the homology is not obvious. 

Neverthlens the idea on gene duplication and subsequent fu- 

sion proposed for the explanation of structural similarity of the 

domains of acid proteases may be equally applicable fop the expla- 

nation of the structural resemblance of the four structural units 

of these enmymea. The symmetrical packing of the units in each do- 

main seems to be an important feature of acid proteasen. 

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

drawings and calculations. 
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