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smy: The isoelectric point of the cameland the human B-endorphk, of the 
a-adoqhin a.nd the enkephalins were determined by analytical isoelectric 

focusing on 1 rm thin polyacrylamide gel slab. The difficulty of staining 
peptides as short as 6-endorphin or smaller was overcomd using a mdifica- 
tion of Bibrinq and Baxandall's or Faupel and Von Arx's staining method. 
The camel B-endorphin gives two bands havinq isoelectric point of 10.3 and 
10.4, the human 6-endorphin focus at pH 9.9, while cx-endorphin, leu and 
met-enkephalin at pH 5.9, 5.5 and 5.45 respectively. The staining me&cd 
described coupled with the isoelectric focusing seems to be fit for discrimi- 
nating B-endorphin in a crude rat pituitary extract. 

Since the discovery of B-endorphin at first in pituitary gland of -1s 

(I-5) and then in various tissues (6-8), several authors carried out its iso- 

lation and purification with different techniques (3,8-11) and studied its 

structure-function relationship (11-12). Ali&ouqh the purification n-&hods, 

particularythrouqh high pressure liquid chromtoqraphy coupled with radio- 

inanunoaSSaY determination are satisfactory and well standardized, the chm- 

ical paramaters of this polypeptide are not yet completely &fin&,. 

In order to Wrove the knowledge of such parameters, wa determined the 

isoelectric point (PI) Of this substance and of scm related polypeptides 

using iSCelectrofm?knq (IEF) on polyacrylamide thin gel slab and special 

staining procedures. 

MAmRIAzs AND IWI’HODS 

Acrylamide; N-N'methylenbisacrylamide (Bis); ammnium persulphate; tetramtyl 
ethylendiamkne (TEMED); Amberlite mnobed resin MB-I; trichloroacetic acid 
@CA); L-histidine; glycerol; N-2-hydroxyethylpiperazine, N'-2-ethanesulpho- 
nit acid (BEPES) from BDH Chemicals LTD Poole England were used. 
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Coarnassie brilliant blue R-250; NaOH; HCl; glutamic acid frcnn Erck Darmstadt. 
Pharmalyte and Silane A-174 were purchased frcnn Phamracia-fine chemicals. 
Hm 8-endorphin ( 8-lipotropin 61-91); camel 8-endorphin ( 8-lipotropin 
61-91) and a-endorphin ( 8-lipotropin 61-76) fra Peninsula Laboratories; leu- 
-enkephalin and Et-enkephalin from Miles Yeda L.T.D.. 

Analytical electrofccusing on thin layer polyacrylamide gel was perforfaed 
as follows. 
IEF technique: Instead of using the usual commercial thick slab (2rsn) a thin- 
ner (Imn) home-trade gel slab was used (size 11x11 cm). The gel contained 7% 
acrylamide (the ratio of acrylamide to Bis being 25:l) and 30% glycerol. For 
the pH range 8.0-10.5 or 4.0-6.5, 6.33ml of appropriate Pharaalyte pH inter- 
val to lcoml of acrylamide monomers were added. When the pH range was 6.0- 
-10.5, ICCml of acrylamide rronorners contained a cocktail of PharXalyte pH in- 
terval 4.0-6.5, 6.5-9.0 and 8.0-10.5 in the ratio respectively of 1.67, 1.67 
and 3ml. 

The gel support was a glass plate soaked into a solution of Silane (8 ml 
dissolved in 2 1 of distilled H20, aggiusted to pH 3.5 with acetic acid) then 
dried with air. To polymerize the gel, 200 ~1 of arrononium persulphate solu- 
tion (22.8 n-g/ml) and 30 ~1 of TEMED were added. 

With the pH range of 8.0-10.5 IM NaOH was the catholyte and 0.25M HEPES 
the anolyte; 0.04M glutamic acid was used as anolyte when the pH range was 
6.0-10.5; O.IM L-histidine and O.lM glutamic acid in 0.5M H3P04 were used as 
catholyte and anolyte respectively with pH range of 4-O-6.5. 

After prefocusing for 30' at 4oC, constant IOW and 1303V max. or costant 
2CW and 170X max. when the pH range was 4-O-6.5, the samples dissolved in dis 
tilled water (1.5 ;Ig/@) were applied at the anodic side as droplets or soaka 
on filter paper strips (up to IO ~1). 

The running time, as the sane conditions of for the prefccusing, was 3 h. 
The pH gradient was then directly measured on the gel by a surface glass 

pH electrode (IX3 2117-111). 
The fixing and staining technique for B-endorphin was a modification of 

Bibring and Baxandall's method (13): the gel was fixed with gentle agitation 
in 12% TCA, over 24 h; staining was to equilibrium in 0.002% Coomassie bril- 
liant blue R 250 in 12% TCA over 24 h; then the gel was washed by a solution 
containing 25 ml glycerol, 80 ml TCA 12% and 105 ml distilled water, in order 
to eliminate the excess of stain. 

To detect peptides shorter than 8-endorphin, the mthcd of Faupel and Von 
Arx (based on Pauly's stain rrethod to detect histidine and or tyrosine con- 
taining peptides) was used. 
Detection of rat pituitary B-endorphin: 36 fmle Sprague-Dawley rats weight- 
ing 2cO g were decapitated. Pituitary glands were quickly removed,pooled and 
placed in 2 ml of cold mixture containing acetic acid 90% and HCl 0.2 N IO%, 
then homogenized with Polytron. 0.32 ml of acetone were added. After preheat- 
ing at 7@C for 45 min, the extraction was processed according to Teschema- 
cher's method (2). The resulting crude pituitary material was desalted on 
Sephadex GIO, lyophilized and then used in IEF experiment. 

While the rat 8-endorphin is identical to that of camel, the content of 8- 
-endorphin like material in this crude extract was previously verified by 
radioirsnunological assay for carrel 8-endorphin, according to Ogawa's technique 
(15). 

RESULTS 

Fig. 1 shows the focusing pattern in pH range 8.0-10.5 of human B-endorphin 

and c-1 8-endorphin as stained by Bibring and Baxandall's tiified method. 

It can be seen that these peptides micjrate at very high pH and that hurran 8 - 

-endorphin is focused as a single sharp band with pI near 9.9, while camel B- 

-endorphin gives two bands, having p1 values of 10.3 and 10.4 respectively. 
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Fig. 1. Electrofcxxsing pattern in pH range 8.0-10.5 of hm @endor- 
phin (1) and canal B-endorphin (2) stainedwith Bibring and 
Wandall's n&if&d method. 

In order to determine the p1 value of peptides shorter than fi-endorphin 

we stained the gel (pH range 4.0-6.5) by the Faupel and Von Arx's method and 

used mre quantity of substances: met and leu-enkephalin 200 pig and a-endor- 

phin 125 ug. The p1 of leu-enkephalin, rmat-enkephalin and cl-endorphin were 

respectively 5.45, 5.50 and 5.90 (Table 1). 

Finally we also tried to detect by Bibrinq and Baxandall's rmdified stain - 

inq method the rat B-endorphin in the crude pituitary extract. Since in the 

rat pituitary extract a lot of peptides related to B-endorphin are present, 

which have p1 lower than 8.0, we prepared a home-made thin gel with a wider 
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T'LE I. Isoelectric @.ntof a-endorphin andenkepk&nson @yacrylamide 

gel, stained with Faupel and Von ?xx nv~thcd. 

Peptides PI 

CL -endorphin 

leu-enkephalin 

mt-enkephalin 

5.90 

5.50 

5.45 

pH range than that used previously. As expected, the pituitary extract (Fig.2) 

is resolved in many bands, one of which focuses at the same p1 as camel 6- 

-endorphin ( ~10.3). 

DISCUSSION 

First of all we pointed. out that until now no data of other Authors are 

available to ccanpare our results about the pI of the opioid oligopeptides. 

In theorywe expected that the isoelectric pointofhurran andcamel B - 

-endorphins, would be near pH 8.2-8.4 as approximately calculated fram pK 

values for the ionizing groups of aminoacids contained in their primary strut - 

ture (16)‘ on the contrary our experircents show for these polypeptides a 

Much higher p1. Such a difference could probably be ascribed to the @- end- 

orphin secondary and tertiary structures (so far not yet completely clarifi- 

ed). Leu, met-enkephalin anda-endorphin have a p1 lower than ~-endorphins as 

expected from their prkary structures. 

With regard to the two bands developed for carael@-endorphin in our exper - 

tints, we can suppose that, unlike the hm S-endorphin, there are 50% mg 

rities in the commercial preparation we us&.However it remains to be Verifi- 

ed if both bands or only one have opioid activity and radiomologically 

react with ca11&6-endorphin antisem. As far as the rat pituitary extract 

is concerned, we can conclude that the IEF on polyacrylamide coupled with the 

described staining technique seems to be fit for well discriminating B-end- 

orphin fram the other related peptides. In this regard it is interesting to 

point out that ovine @-lipotropin have a p1 of 6.33 as showed by C.H. Li (12). 
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Elec'crofocusing pattern in pH range 6.0-10.5 of rat pituitary 
extract (I), Carol B-endorphin (2) and hLmkan B-endorphin (3) 
stained with Bibring and Eaxandall's modified rWzhoA. 

Further expertints are now in progress for studying the nature, the radio- 

mological reactivity and the opioid activity of all the bands. %IW pre- 

liminar radiokmnInoloqica1 assays of the substance contained in the rat pitui - 

tar-y extract, focused at the S~JW p1 as camel B-endorphin and eluted by the 

correspnding little piece of slided gel with 0.1 M acetic acid, confirm that 

this material well reacts with camel B-endorphin antiserum. 

Finally it can be concluded that the Bibring and Baxandall's n-edified 

met&cd is adequate to stain without loss of resolution bands spaced 0.3 KIWI 

and to detect ,~ll quantities of oligopeptides (IO-15 ,ug), that with usual 

Coamassie or specific for oligopeptides staining methods up to now described 

(17,18) can not be detected because of problems originating from fixation and 

staining. Even the shorter peptides that can not be stained with Bibring and 

Baxandall's method can be well identified using the Faupel and Von Arx's, 

which is less sensitive than that of Bibrinq and Baxandall, but anyway per- 

mits the determination of the p1 of these peptides otherwise not detectable. 

The only trouble in both rr&hcds is that after the color develowt, the 

contrast is slowly disappearinq. 
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