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Separation of the Similarly Charged Iso-enzymes of Astacus leptodactylus Trypsin for Quantitative 
Amino Acid Analysis and Specificity Studies 

The in t roduct ion  of disc electrophoresis by ORNSTEIN 
and DAVIS 1 made  avai lable  a qua l i ty  of resolut ion un- 
known unt i l  then .  The prac t icabi l i ty  of this  me thod  for 
ana ly t ica l  purposes is demons t ra ted  by its ample  use. 
B u t  t he  r ecovery  of isolated prote in  usual ly  requires 
ra ther  compl ica ted  apparatus .  I t  should therefore  be em- 
phasized t h a t  i t  is possible to ob ta in  by  disc electro- 
phoresis, w i thou t  any  special equipment ,  pro te in  fract ions 
large enough to car ry  out  mos t  of the  analyses requir ing  
h igh-pur i ty  protein,  such as quan t i t a t i ve  amino  acid 
analysis or studies on ca ta ly t ic  properties.  I t  was only by  
the  procedure  described below t h a t  we succeeded in 
establ ishing the  cleavage specifici ty of cer ta in  proteases,  
because i t  was ex t remely  difficult  to pur i fy  the  prepara-  
t ions f rom all t races of exopept idase  con taminan t s  2. 

In  the  course of our invest igat ions  on the  evolu t ion  of 
inver tebra te  endopeptidases3,~, we encountered the  
necessi ty to analyze  the  2 isoenzyme bands of the  t rypsin-  
like protease of the  crayfish Astacus leptodactylus 
separa te ly .  A prepara t ion  of this enzyme purif ied by  re- 
pea ted  gel-f i l t rat ion and anion exchange chromatography ,  
though  wi thou t  o ther  detectable  contaminants ,  still  
conta ined bo th  isoenzyme bands (Figure, b). They  being 
separable  by  no o ther  means,  we established the  quant i -  
t a t i ve  amino  acid analysis for each band 5 by  the  fol lowing 
procedure :  1.5 mg  of the  purif ied prote in  were appl ied to 
the  8 tubes  (5 m m  in diameter ,  75 rnm in length) of a 
Shandon ana ly t ica l  disc electrophoresis  apparatus ,  i.e., 
each gel conta ined  approx ima te ly  200 ~zg of protein.  In  
regard  to the  subsequent  es t imat ion  of amino acid con- 
tent ,  the  use of buffers conta in ing amino  acids mus t  be 
avoided.  We  therefore  used a modif ied d ie thyl  barb i tur ic  
acid tris-buffer ~, in which the  isoenzyme bands migra ted  
to the  anode. Our best  results  we had  wi th  a running 
buffer  of p H  8.2 and gel systems conta in ing 15% acryl-  
amide  (W/V). 

Af ter  the  run  the  gels were r immed  and wi thou t  f ixa- 
t ion of prote in  bands t ransferred into an aqueous  
me thy lene  blue B solut ion (0.05%, p H  8.0). For  s ta ining 
in ac id ic  medium,  methy lene  blue m a y  be subs t i tu ted  by  
coomass ie  br i l l iant  blue or o ther  prote in  dyes. Wi th in  2 to 
5 rnin prote in  bands were s tained select ively and the  
clearly visible fract ions were cut  ou t  wi th  a razor  blade. 

As s taining is l imi ted to a ve ry  thin  r ing on the outer  sur- 
face of the  gel,  the  s tained area is cu t  off and the  remain-  
ing uns ta ined por t ion  contains  the  na t ive  and ac t ive  
enzyme in a s ta te  of ve ry  h igh  puri ty .  All 'upper  bands '  as 
well as all ' lower bands '  were combined,  homogenized  
wi th  a glass rod, and 2 ml  of phosphate-buffer  (pH 8.0) 
were added to each fraction.  Dur ing storage overn igh t  the  
prote in  is e luted by diffusion. This  step should be re- 
peated.  After  cent r i fugat ion  the  superna tan t  is decanted  
and lyophilized.  2-3 mg of s tar t ing mater ia l  were sufficient  
to carry  out  the  amino acid analysis of both isoenzyme 
bands.  

A re -examina t ion  of the  separated isoenzyme bands  by  
disc electrophoresis under  the  same condit ions as de- 
scribed above proved t h a t  t hey  were absolute ly  pure  
wi thou t  con taminan t s  f rom one fract ion to the  o ther  
(Figure, a-c).  Thus the  accuracy of amino acid analysis of 
a pro te in  gained by  this  me thod  is no t  l imited by  the  
pur i ty  of the  prepara t ion  bu t  ra ther  by the  analysis 
itself. 

Another  field where h igh-pur i ty  prote in  is indispensable 
is the  inves t iga t ion  of ca ta ly t ic  propert ies  of an enzyme.  
We  Successfully s tudied in the  past  the  cleavage specificity 
wi th  pept ide  substrates  of several  inver tebra te  proteases  
purif ied by  the  described procedure3. Whereas  even the  
pures t  prepara t ions  obta ined  by other  methods  exhib i ted  
regular ly  a sufficient a m o u n t  of proteolyt ic  impuri t ies ,  
especially of exopeptidases,  to p reven t  clear results, en- 
zyme fract ions prepared  by the  m e t h o d  described never  
showed addi t ional  act ivi t ies  7. 

Zusammen]assung. Durch  Anwendung  einer selekt iven 
Prote inf / i rbung in der I ) isk-Elektrophorese,  welche die 
zu t rennenden  Banden  s ichtbar  macht ,  ohne sic zu de- 
naturieren,  gelang es, die beiden I soenzyme der t rypsin-  
/ ihnlichen Protease  aus dem Krebs Astacus leptodactylus 
vollst/~ndig vone inander  abzutrennen,  obwohl sic sehr 
/ihnliche Ladungen  haben.  Die erzielte TrennschXrfe war  
eine Voraussetzung ffir die quan t i t a t i ve  AminosAuren- 
Analyse sowie ffir Unte r suchungen  zur Spal tungs-  
spezifitAt. 
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Micro-preparative separation of the 2 similarly charged isoenzymes 
of the trypsin-like crayfish protease from Astacus leptodactylus. 
(a) Purified 'upper band'; (b) before separation: the fraction con- 
tains both isoenzymes; (c) purified 'lower band'. 
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