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/3-endorphin was incubated with rat brain homogenate, and the amino 
acids released were measured by amino acid analysis. Phe, Leu, Tyr, and 
Lys were liberated in thegeatest amount indicating that the cleavage 
of Leu77-Phe78 and some Lys-X peptide bonds with endopeptidases followed 
by the removal of the terminal residues by exopeptidases are the main 
routes of fi-endorphin degradation in the brain. Bacitracin considerably 
reduced the amino acid release from @-endorphin incubated with rat 
brain homogenate, and its action is suggested to be due to the inhibitioi 
of brain amino- and carboxypeptidases. Bacitracin also potentiated and 
prolonged the in vivo analgesic activity of p-endorphin. 

It has been previously suggested that the outstanding in vivo bio- 
+ 

logical activity of /3-endorphin /LPH61-'l I /1,2/ as compared to those 

of its shorter NH 2-terminal fragments may be due, at least partly, to 

the relatively higher metabolic stability of the fi-endorphin molecule 

121. More recent comparative studies on the degradation of Met-enkephali: 

/LPH61-65/, /3 -endorphin and other /?I-LPH fragments of intermediate size 

by aminopeptidase M 13-51 and different brain extracts /5,6/ have clear11 

shown that indeed a correlation exists between the susceptibility of 

these peptides to enzymic destruction and their in vivo analgesic potent 

Enzyme resistance also appears to be a common feature of some newly 

developed enkephalin analogs with enhanced biological activity /7-g/. 

In addition, an antibiotic protease inhibitor, bacitracin /lo/ has been 

found to potentiate the effect of enkephalins in vitro Ill/. 

XTo whom correspondance should be addressed. 
+Abbreviations : LPH, lipotropic hormone, all the position numbers used 

refer to the p-LPH sequence; EI-enzyme, endorphin inactivating enzyme. 
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In view of the above data it has been of particular interest to 

study the effect of bacitracin on the biodegradation of (3-endorphin 

and on its in vivo analgesic properties as well. 

MATERIALS AND METHODS 

Porcine /3-endorphin was prepared as described previously 1121. 
Highly purified bacitracin A was obtained from Dr. A. K6tai IL. EijtvZjs 
University, Budapest/. For studies on the biodegradation of p-en- 
dorphin in brain homogenate Marks' approach was used /ref. 13 and 
refs therein/. Freshly removed rat brains were homogenized in 10 vol. 
of cold 1% saline /w/v/, and then exhaustively dialysed against 
distilled water at O-4 oC. The protein content of the dialysed homogenate 
was 7.5 mglml as determined by Palladin's method 1141. In a routine 
experiment the incubation of fJ-endorphin 10.8 mg; 250 nmol/ was carried 
out in a mixture consisting of 0.9 ml of homogenate and 0.1 ml of 0.1 M 
Tris-HCl buffer of pH 7.5 for 60-120 min at 37OC. Incubations were 
carried out in the absence or presence of 5 x 10e4 M bacitracin in 
triplicate with controls not containing exogenous f3-endorphin. Aliquots 
of 0.2 ml /containing 50 nmol substrate/ were taken at the indicated 
times, and the reaction was terminated by adding an equal volume of 
acetone and 10 ~1 of 1 M acetic acid to the samples. The mixtures were 
then centrifuged at 2000 g, and the supernatants were evaporated for 
amino acid analysis. Amino acid analysis was carried out in a JEOL 
/JLC-5AH/ automatic analyzer. The analgesic effect of the substances 
was tested in rats using the conventional tail-flick test as described 
previously 121. 

RESULTS AND DISCUSSION 

Incubation of /3-endorphin with rat brain homogenate led to a time- 

dependent liberation of all the constituent amino acids /Table I/. At 

120 min, the amount of the released amino acids ranged from 47% /Phe/ 

to 22% la sum of Ser, Gln and Asnl. The proportions of amino acids 

liberated generally agree with those reported by Marks et al. 1611 

except for that of Met which was relatively low in our case /Table I/. 

The preferential release of Leu and Phe from p-endorphin indicates a 

selective and rapid cleavage at an internal site, presumably at the 

Leu77-Phe7a peptide bond by an endopeptidase /designated as EI-enzyme 

by us: 3,15,16/ and the subsequent removal of the newly formed terminal 

residues ILeu and Phel by exopeptidases. The location of Phe64 within 

a relatively enzyme-resistant sequence portion of the molecule /see 

255 



Ta
bl

e 
I 

Re
le

as
e 

of
 

Am
in

o 
Ac

id
s+

 
fro

m
 

/3
-e

nd
or

ph
in

 
/L

PH
 61

-9
1 

/ 
on

 
its

 
In

cu
ba

tio
n 

wi
th

 
Ra

t 
Br

ai
n 

H
om

og
en

at
e 

in
 

th
e 

Ab
se

nc
e 

or
 

Pr
es

en
ce

 
of

 
Ba

ci
tra

ci
n 

at
 

60
 

an
d 

12
0 

m
in

 

Am
in

o 
ac

id
 

§ 
60

 
m

in
 

12
0 

m
in

 

Ly
s 

16
9,

79
,8

4,
88

,8
9/

 
HI

S 
18

71
 

Th
r 

/6
6,

72
,7

61
 

Se
r 

/6
7,

70
/ 

G
ln

 
/7

1,
79

1 
As

n 
ia

o,
 

as
i 

G
lu

 
/6

S/
 

Pr
o 

17
31

 
G

ly
 

/6
2,

63
,9

0/
 

Al
a 

18
1,

86
/ 

Va
l 

17
5,

83
1 

M
et

 
+ 

M
eS

O
 1

65
1 

C
on

tro
l 

+B
ac

itr
ac

in
 

In
hi

bi
tio

n 
by

 
C

on
tro

l 
+B

ac
itr

ac
in

 
In

hi
bi

tio
n 

by
 

ba
ci

tra
ci

n 
/%

I 
ba

ci
tra

ci
n 

/%
I 

21
 

13
 

38
 

la
 

11
 

39
 

16
 

7 
56

 

14
 

a 
43

 
22

 
14

 
36

 

16
 

12
 

19
 

12
 

11
 

5 
la

 
10

 
15

 
6 

+ 
+ 

25
 

37
 

54
 

44
 

60
 

37
 

21
 

32
 

la
 

33
 

17
 

31
 

26
 

16
 

25
 

15
 

39
 

24
 

13
 

46
 

29
 

la
 

38
 

32
 

15
 

53
 

24
 

16
 

33
 

43
 

44
 

48
 

Ile
 

18
21

 
14

 
5 

64
 

32
 

13
 

59
 

Le
u 

/7
4,

77
/ 

28
 

13
 

53
 

46
 

la
 

61
 

Ty
r 

16
11

 
29

 
22

 
24

 
44

 
30

 
32

 
Ph

e 
/6

4,
78

/ 
24

 
17

 
29

 
47

 
28

 
40

 

+E
xp

re
ss

ed
 

in
 

nm
ol

 
%

 b
as

ed
 

on
 

th
e 

to
ta

l 
am

ou
nt

 
of

 
th

e 
co

rre
sp

on
di

ng
 

am
in

o 
ac

id
 

in
 

th
e 

/3
-e

nd
or

ph
in

 
st

ru
ct

ur
e.

 
5 Po

si
tio

n 
nu

m
be

rs
 

re
la

te
d 

to
 

P-
LP

H 
se

qu
en

ce
 

ar
e 

in
di

ca
te

d 
in

 
pa

re
nt

he
se

s:
 

Se
r, 

G
ln

, 
an

d 
As

n 
we

re
 

no
t 

se
pa

ra
te

d 
by

 
th

e 
an

al
yz

er
; 

th
e 

su
m

 
of

 
M

et
 

an
d 

its
 

ar
tif

ac
t, 

M
eS

O
 is

 
gi

ve
n.

 



Vol. 79, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

the low values for Gly 62,63 and Met65 in Table I/ also suggests Phe 78 

to contribute primarily to the high proportion of Phe released. The 

relatively high yield of Lys in the incubation mixture points to the 

presence of trypsin-like enzyme/s/ as well in the brain homogenate. 

The preferential release of Tyr and the delayed appearance of Gly in 

the digest suggest that Tyr 61 is split by aminopeptidase action as 

proposed previously 16,171. Considering the resistance of /3-endorphin 

to aminopeptidase M action 13-51 however, it is reasonable to speculate 

that Tyr is released from smaller fragment/s/ rather than from /J--en- 

dorphin itself. The closely similar proportions of Leu, Phe and Tyr 

liberated also indicate that the cleavage of Leu 77 -Phe78 peptide bond 

may be the rate-limiting step of this complex degradation process. 

From the above data and the known structure-activity relationships 

in /J-endorphin 121, the major routes of inactivation in the brain may 

be ascertained as /a/ cleavage of the Leu 77 -Phe78 peptide bond by 

EI-enzyme /3,15,16/, lb/ cleavage of some further internal peptide 

bonds by trypsin-like enzyme/s/ and /cl removal of Tyr 61 from the newly 

formed fragments by aminopeptidaselsl. 

As may be seen in Table I, bacitracin considerably reduced the 

release of all the amino acids from /3-endorphin, though to a different 

extent. In view of our failure to inhibit EI-enzyme, trypsin and some 

trypsin-like enzyme/s/ of a pituitary homogenate by bacitracin lun- 

published data/, the effect of this antibiotic on the biodegradation 

of /3-endorphin may be due to the inhibition of exo-, rather than 

endopeptidases. The decreased Tyr release in the presence of bacitracin 

can be regarded as a direct evidence for the inhibition of brain 

aminopeptidaselsl. In accord with the above suggestion for the release 

mechanism of Phe /i.e. Phe originates primarily from Phe 78 by amino- 

peptidase action following the cleavage of the Leu 77 -Phe78 peptide 

bond/ the appearance of Phe is inhibited by bacitracin to a similar 
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Figure 1. Time-response curves for the analgesic effect of 
/j-endorphin 10.4 nmol/rat/, morphine 15 nmol/rat/ and bacitracin 

130 ug/rat/ administered intracerebroventricularly to rats. On the 
ordinate the reaction time, on the abscissa the time elapsed after 
administration is plotted. 

A : /3 -endorphin, 
Number of animals is 8 for each group. 

A : /3-endorphin + bacitracin for A; 
: morphine, H: morphine + bacitracin for B; 0: saline, 
: bacitracin for C, respectively. x: P (0.05, xx: P <O,Ol. 

extent to that of Tyr 61 /Table I/. Since the release of Leu /ascribed 

mainly to the liberation of Leu 77 by sequential actions of H-enzyme 

and carboxypeptidasejsf on /j-endorphinj is much more reduced by the 

antibiotic than that of Tyr and Phe /Table I/, bacitracin may be 

assumed to be a stronger inhibitor for brain carboxypeptidaselsl than 

for aminopeptidaselsl. Based on the similarly strong inhibition of the 

Ile and Val release one may even suspect that these residues are also 

liberated mostly by carboxypeptidase action. However, further studies 

on the inhibitory action of bacitracin on purified enzymes are required 

to clarify this point. 

258 



Vol. 79, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

In the light of the above results it has been of interest to examine 

whether or not bacitracin Ian inhibitor of brain exopeptidasesl alters 

the in vivo analgesic effect of p-endorphin. When a mixture of 

/J-endorphin and bacitracin was injected intracerebroventricularly to 

rats, the analgesic effect of /.3-endorphin was potentiated and prolonged 

/Figure lA/. In the same time the action of morphine was not influenced 

by bacitracin /Figure 131. Surprisingly, bacitracin itself caused a 

slight but statistically significant "analgesic effect" as shown in 

Figure 1C. Is this response an aspecific one or is it due to the 

protection of endogenous opioid peptide/s/ against enzymic destruction? 

Further studies are in progress to answer these questions. 
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