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SUMMARY 

I. Commercial preparations of leucine aminopeptidase (EC 3.4.1.1) were found 
to be contaminated with multiple endopeptidases of high molecular weight and 
varying substrate specificity. 

2. These contaminating endopeptidases could not be completely eliminated 
from the leucine aminopeptidase preparations with endopeptidase inhibitors or by 
further purification procedures. 

3- These findings emphasize the importance of testing for non-specific proteases 
in any preparation of leucine aminopeptidase to be used for the limited digestion of 
proteins or peptides. 

INTRODUCTION 

Three commercially available preparations of leucine aminopeptidase 1 were 
found to be contaminated with endopeptidases to an extent that precluded their use 
to achieve sequential degradation of proteins. The endopeptidases were of high 
molecular weight and differing substrate specificity. These contaminants could not be 
eliminated by either treatment of the enzyme with endopeptidase inhibitors or by 
subjecting the preparations to several further purification procedures. These findings 
impose serious limitations on the use of many currently available commercial prepa- 
rations of leucine aminopeptidase. 

MATERIALS AND METHODS 

Leucine aminopeptidase preparations were obtained from three commercial 
sources, (Worthington Biochemical Corporation, N.J. ; Mann Research Laboratories, 
N.Y. ; Boehringer Mannheim Corporation, Germany). Aminopeptidase activity was 
measured by a modification of the method of BINKLEY AND TORRES 2. The substrate 
for the aminopeptidase activity was 0.05 M leucineamide (Cyclo Chemical Corpo- 
ration, Calif.). Digestions were performed in 0.05 M Tris buffer (pH 8.5), made 
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o.005 M in MgC12 (Fisher  Scientific Company,  N.J.) .  Specific a c t i v i t y  was expressed 
as the  ra te  of change in absorbance  of the  subs t r a t e  per  mg of enzyme.  Absorbance  
change at  232 m# was measured  in an u l t r av io le t  s pe c t ropho tome te r  (Beckman DB) 
equ ipped  with a logari thnfic  recorder  (Photovol t ) .  I ncuba t ions  were perfornned at  25 ~ 
in cuve t tes  with I-Cm light  pa ths .  

The  pr inc ipa l  pro te ins  used to tes t  for endopep t idase  ac t iv i ty ,  as suggested by  
[?RATER, LIGHT AND SMITH a, were horse hear t  cy toch rome  c and mercur i t )apain  
(Nut r i t iona l  Biochemicals ,  Ohio). These pro te ins  are res i s tan t  to aminopep t idase  
a c t i v i t y  (cy tochrome c has an N-ace ty lg lyc ine  and mercur ipapa in  a t )enul t imate  
proline,  respect ive ly ,  a t  the amino  ternfinus).  These pro te ins  were incuba ted  with 
leucine aminopep t ida se  in the  Tris  buffer at  4 0  ° for I8 24 h at  a molar  subs t r a t e  to 
enzyme ra t io  of 5oo : I.  Pure bovine p a r a t h y r o i d  hormone  4 and  r ibonuclease S pro te in  "~ 
were also i ncuba t ed  under  the  same condit ions.  In control  exper iments  ident ica l  
concen t ra t ions  of subs t r a t e  and  enzyme were incuba ted  separa te ly .  Al iquots  of leucine 
aminopep t idase  were t r e a t e d  with a zooo-fold molar  excess of D F P  (Aldrich Chelnical 
Corpora t ion ,  Wisc.) a t  4 ~' for I8  h. Pr io r  to use each vial of D F P  was first assayed  to 
insure  adequa t e  po tency  as p rev ious ly  descr ibed a. Al iquots  of leucine aminopep t idase  
were also t r e a t e d  with a 5o-fold molar  excess of iodoacet ic  acid (Eas tman  K o d a k  
Corpora t ion ,  N.Y.) in Tris  buffer (pH 7.5) t'or 2 h at  4 ~ at  a final concen t ra t ion  of 
iodoacet ic  acid  ofo.o25 M. Amino acid analyses  were per formed  with  a Beckman z2oB 
a u t o m a t i c  amino acid analyzer .  Amino  t e rmina l  amino acids  were ana lyzed  by  the 
SANGER procedureL 

Sephadex  G-Ioo  (Pharmacia ,  Sweden) and Sagarose 6 Seravac,  ( ; t ea t  Bri ta in)  
were hea ted  for 3 h in boi l ing water  and  then  resuspended  to remove fine pa r tMes .  
DEAE-ce l lu lose  (DE-52 W h a t m a n )  was p repared  for c h r o m a t o g r a p h y  by  pre-cycl ing 
in acid and base.  The l )EAE-ce l lu lose  column (I cm :~: IO CBI) was equi l ib ra ted  with 
the  Tris  buffer and deve loped  with a l inear  g rad ien t  of NaC1 (I . imit  concent ra t ion  
o.2 M, to ta l  volume 7 o 8o ml). The Sephadex  and  Sagarose  colunms (each ~ cm 
,'< zoo cm) were deve loped  with Tris  buffer, z 5 mg of leucine aminopep t idase  dis 
solved in the  Tris  buffer were appl ied  to each column. In one gel f i l t rat ion ext)er iment  
on Sagarose  the  enzyme was app l ied  to the  column in Tris  buffer made  8 M in urea.  

Disc gel e lec t rophores is  was pe r fo rmed  bv  a modif icat ion of previously  de- 
scr ibed methods  s. The monomer  concent ra t ion  (w/v) was 4(~, ; the  gel pH was 2.7. 
Highly  purif ied leucine aminopep t idase  was p repa red  from kidneys  of Yorkshi re  hogs 
as descr ibed by  HI.~IMEI.HOCH AXI} PETERSON" and was also incuba ted  with the tes t  

proteins.  

RESULTS 

Each  of the  commerc ia l ly  ava i lab le  p repa ra t ions  of leucine aminopet ) t idase  
tes ted  was found to be con t amina t ed  with  endopept idase .  Amino acids were released 
fronl cy tochrome c and  mercur ipapa in  even at  a molar  ra t io  of subs t r a t e  to enzyme 
of 5oo : z. The subs t r a t e  and  enzyme b lanks  which accompan ied  each exper imen t  did  
not  conta in  any  de tec tab le  amino  acids. To e l imina te  the  poss ib i l i ty  t ha t  e i ther  the  
tes t  p ro te ins  were con tanf ina ted  wi th  o ther  p ro te ins  t ha t  were suscept ible  to amino-  
pep t idase  digest ion,  or t ha t  non-enzymic  cleavages occurred in the  tes t  subs t r a t e s  
dur ing  incubat ion ,  amino t e rmina l  groups were de te rmined  b y  the SANGF_R procedure  7 
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after incubation of the cytochrome c and mercuripapain without enzyme. 0n ly  
isoleucine was detected with mercuripapain and no amino acid derivative was found 
with cytochrome c. This confirmed that  the amino acids released during incubation 
of the peptides resulted from endopeptidase contaminants that  had produced internal 
bond cleavages, thereby providing sites susceptible to degradation by leucine amino- 
peptidase. 

Treatment  of each of these preparations of leucine aminopeptidase with DFP  
and iodoacetic acid did not eliminate endopeptidase activity, although the relative 
ratio of amino acids released was altered. These results indicated that  multiple 
proteases were present in the preparations, some of which were sensitive to the 
protease inhibitors. Since the endopeptidase activity could not be completely elimi- 
nated by  t reatment  with protease inhibitors, two enzyme preparations (Worthington) 
were subjected to further purification procedures. The earliest preparation received 
from Worthington had not been fractionated on DEAE-cellulose. All of the enzymic 
activity of this preparation, when applied to a DEAE-cellulose column, was recovered 
by elution with a NaCI gradient. The results (Fig. I) indicated that  the leucine amino- 
peptidase constituted only a small fraction of the total  protein. Specific activity of 
the recovered enzyme was increased 5-fold over that  of the starting material, but all 
fractions containing leucine aminopeptidase were still contaminated with endopepti- 
dase. During the course of these studies, Worthington provided us with a preparation 
which had been fractionated on DEAE-cellulose. Chromatography of this fraction 
under identical conditions indicated that  the enzyme now constituted a larger fraction 
of the preparation; there was only a slight increase in specific activity (Fig. 2). Although 
the preparation therefore seemed more purified, endopeptidase activity was still found 
in all fractions of the leucine aminopeptidase recovered. 

When this more highly purified preparation of enzyme was subjected to gel 
filtration on Sephadex G-2oo, considerable size heterogeneity was evident in the 
preparation. The leucine aminopeptidase eluted at a Ko of o.Io. However, again, no 
fraction containing leucine aminopeptidase was free of endopeptidase activity; at 
least some of the endopeptidase activity was DFP and iodoacetic acid insensitive. 

0 9  

o e  

07 

e 6  

o.4 

o 3  

o z  

o l  

i 
i o  

35 

25 

2o~ ,5_... 

20 30 ~ SO 60 70 SO 9O 
VOUUME (~1) 

0 2  

,'o 4 0  5 o  6 0  7 0  

VOLUME (ram) 

3 

2~ 

b 

Fig. i. DEAE-cellulose ch romatography  of a commercial prepara t ion of ]eucine aminopeptidase.  
15 mg of protein were applied to the column (i cm × io cm) and eluted with a linear gradient of 
NaC1, limit concentrat ion o.2 M. Q - - - - - - © ,  specific activity of the leucine aminopeptidase;  
O - - O ,  absorbance of the effluent protein. 

Fig. 2. DEAE-cellulose ch romatography  of a more highly purified prepara t ion of leucine amino- 
peptidase. Conditions as in Fig. i. 
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Fur the r  gel f i l trat ion was performed on Sagarose, using a gel concent ra t ion  (Sagarose 
6) chosen to provide opt imal  purification of the enzyme (elution Ka o.5). The enzyme 
ac t iv i ty  was separated from the bulk of the protein in the prepara t ion  (Fig. 3). The 
main  peak of protein did elute at a Krl of o.5 ; the leucine aminopept idase  eluted on 
the ascending l imb of this protein peak. However, each fraction conta in ing amino-  
peptidase ac t iv i ty  was again found to conta in  endopept idase act ivi ty.  This result 
suggested that  some of the endopeptidases were similar in molecular weight to the 
leucine aminopeptidase.  To el iminate  the possibili ty tha t  the con tamina t ing  endo- 
peptidases were non-cova len t ly  bound  to the leucine aminopeptidase,  another  al iquot 
of the DEAE-cel lulose purified enzyme was applied to the Sagarose 6 column in the 
presence of 8 M urea to minimize any  p ro te in -p ro te in  interact ion.  However, the 
elut ion pa t t e rn  was not  significantly changed and  all fractions of the leucine amino-  
peptidase still conta ined  endopept idase act ivi ty.  

Fur the r  evidence was ob ta ined  by s tudy  of the more purified preparat ion ot- 
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Fig. 3. (;el filtration on Sagarose 6 of ~5 mg of leucine aminopeptidase purified by I)I".AE cellu- 
lose chromatography (Fig. 2). The column (i cm ;< loo cm) was developed wii:h o.o5 M Tris 
buffer (pH 8.5). (.~ -), specific activity of the leucine aminopeptidase; • - • ,  absorbancc 
of the effluent proteins. Arrows indicate the excluded and salt volumes, respecti\eh, of the 
column. 

Fig. 4. Disc gel electrophoresis of the leucine aminopeptidasc after DEAE ccllulosc chromato- 
graphy and Sagarose 6 gel filtration (i o 5 ~ l 5-ml fraction of Fig. 3). (;el conditions: -t'!,, monomer 
concentration (w/v) (pH 2.7}. 
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leucine aminopeptidase that  multiple endopeptidase contaminants were present. 
Fractions from the Sagarose 6 column (Fig. 3) which eluted later than the leucine 
aminopeptidase (at 115-12o ml) were found to contain endopeptidase with specificity 
different from that of the proteases that  co-eluted with the leucine aminopeptidase 
fraction (I o5-1I 5 ml). Table I contrasts the relative quantities of amino acids released 
from the cytochrome c when incubated under identical conditions with the lO5-115-ml 
v e r s u s  the I I5-I2o-ml fraction of the Sagarose 6 column. To eliminate the possibility 
that  the endopeptidase still contaminating the leucine aminopeptidase fraction was a 
protease completely sensitive to inhibitors, this fraction was treated with DFP and 
iodoacetic acid and then incubated with cytochrome c. The results demonstrated in 
Table I show that,  despite DFP and iodoacetic acid treatment,  the purified leucine 
aminopeptidase fraction still released amino acids, although the relative ratios of free 

T A B L E  I 

AMINO ACIDS RELEASED FROM CYTOCHROME C BY DIFFERENT pREPARATIONS OF LEUCINE AMINO- 
PEPTIDASE 

t, moles /#mole* Ratios 

A B C B / A  C]A 

Asp 1.6o o.16 o.oo o . io  o.oo 
Thr  0.75 0.53 0.25 o.7o 0.33 
Glu 0.54 0.39 o.25 0.70 o.46 
Pro I.OO 0.39 0.08 o.39 0.08 
Gly  0.36 o.71 0.20 1.97 0.56 
Ala  0.30 0.08 0.35 0.27 1.17 
Val 0.40 0.69 o.oo 1.72 o.oo 
Met o.oo o. i  9 o.oo - -  o.oo 
Ile o.21 0.43 o.oo 2.04 o.oo 
Leu 0.34 0.74 o.oo 2.18 o.oo 
Tyr  o.13 o.31 o.oo 2.38 o.oo 
Phe  0.26 0.53 o.oo 2.04 o.oo 

" Amino acids  re leased dur ing  i ncuba t ion  of cy toch rome  c wi th  f rac t ions  of leucine amino-  
pep t idase  purif ied by  gel f i l t ra t ion  on Sagarose 6 (Fig. 3). Resul ts ,  based  on d iges t ion  of I m g / m l  
of cy toeh rome  c, are expressed  as /*moles of amino  ac id /#mole  of subs t ra te .  Column A l is ts  the  
amino  acids  re leased when  the  i o 5 - i i 5 - m l  f rac t ion  from the  co lumn was  used;  Column B, the  
resul t s  af ter  th is  f rac t ion  had  been t r e a t e d  wi th  D F P  and  iodoacet ic  ac id ;  Column C, amino  
acids  released when the  I I 5 - i 2 o - m l  f rac t ion  was  used. 

amino acids were altered by these inhibitors. The persistent heterogeneity of this 
purified fraction of leucine aminopeptidase was confirmed by disc gel electrophoresis 
which demonstrated multiple bands (Fig. 4). 

An aliquot of this leucine aminopeptidase (purified on Sagarose 6 and treated 
with DFP and iodoacetic acid) was incubated with ribonuclease S protein and bovine 
parathyroid hormone. Amino acids were released which were not in accord with the 
amino terminal structure of these molecules*. 

* A p r e p a r a t i o n  of W o r t h i n g t o n  leucine a m in0pe p t i da se  had  been used a t  an  ear l ier  t ime  
in th i s  l a b o r a t o r y  to  achieve  l imi ted  d iges t ion  of proteins.  This ear l ier  p r epa ra t i on  did not  release 
a n y  amino  acids  f rom r ibonuclease  S protein.  Fur the rmore ,  the  amino  ac ids  re leased f rom bovine  
p a r a t h y r o i d  ho rmone  were in accord wi th  the  known  amino  t e r m i n a l  sequence of th i s  po lypep-  
tide*. Hence,  there  has  a p p a r e n t l y  been v a r i a t i o n  in the  e x t e n t  of endopep t idase  c o n t a m i n a t i o n  
in commerc ia l  p r epa ra t i ons  of the  enzyme  in the  pas t .  
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Through the courtesy of HIMMELHOCH and PETERSON ~ we were able to 
prepare and test  a preparation of leucine aminopeptidase extracted from kidneys of 
a uniform strain of hogs. This leucine aminopeptidase with a very high specific 
act ivi ty  did not release any amino acids from cytochrome c, mercuripapain, or ribonu- 
clease S protein. Furthermore,  it released amino acids from bovine parathyroid 
hormone tha t  were in accord with the known amino terminal structure of this 
molecule 4. 

1) ISCUSSION 

These studies demonstrate  that  all three commercially available preparations 
of leucine aminopeptidase tested were contaminated with endopeptidase activity. In 
agreement with FRATER, LIGHT A N D  SMITH a, we found that  some of the endopeptidase 
act ivi ty of these enzyme preparations was insensitive to I )FP  However, the prepa- 
rations currently available to us also contained endopeptidase activity that  was 
not inhibited by t rea tment  with iodoacetic acid. 

The results found during further purification and t reatment  of the enzyme 
preparations indicated that  at least three contaminating endopeptidases were present. 
These endopeptidases varied in molecular weiglrt, substrate specificity, and sensitivity 
to protease inhibitors. Some of them were similar in charge and size to leucine amino- 
peptidase. Endopeptidase activity could not be eliminated by chronmtography on 
DEAE cellulose. One endopeptidase eluted later from Sagarose 6 than the amino- 
peptidase; however, at least two of the contanfinants co-eluted with leucine amino- 
peptidase and, therefore, seemed to be similar to the aminopeptidase in nrolecular 
weight or apparent  molecular volume. Furthermore,  at least one of these two per- 
sistent contaminants  could not be inhibited by the combination of DFP and iodoacetic 
acid. Hence, despite the combination of purification on DEAE-celtulose, gel filtration 
on Sephadex and Sagarose, and finally, exhaustive t reatment  with DFP and iodo- 
acetic acid, a satisfactory endopeptidase-free preparation of leucine aminopeptidase 
could not be obtained. 

By contrast, a highly active leucine aminopeptidase preparation prepared by 
us according to file method of HIMMELHOCH AND PETERSOX 9 was found to be free of 
significant endopeptidase activity. This serves to emphasize the importance of this 
new procedure for leucine aminopeptidase purification; the endopeptidase activity, 
difficult to eliminate from commercial preparations of the enzyme, is removed early 
in this new fractionation method :~. 

The persistence of endopeptidases in several preparations of comnrercially 
purified leucine aminopeptidase makes it imperative to use sensitive tests for non- 
specific protease activity in any sample of leucine aminopeptidase to be used fl)r 
limited modification of proteins or peptides. 
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