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SUMblARY 

An acidic endopept idase  has been isolated from dr ied p repara t ions  of swine 
pancreas  by column chromatography." on D E A E  cellulose. The yield of acidic endo- 
pept idase  from loo  g of pancreas  powder  was 2*o rag. The product  was found to be 
e lec t rophore t ica l ly  homogeneous and produced a single peak in the ana ly t ica l  ul t ra-  
centrifuge. The sed imenta t ion  coefficient (S°2o,,,,), diffusion coefficient (I)2o,,,), appa-  

~io/. rent  molecular  weight,  e lec t rophoret ic  mobi l i ty ,  E~,,, at 28o m# and p t l  o p t i m u m  
were respect ively,  3.I3, 8.7" u5 v cm e .sec l, 35 3 °o, 5.9" IO '~ cm"-V ~'sec 1, i4.6 
and xo. 7. The enzyme was inhibi ted  bv di i sopropyl  1)hosphorofluoridate, by  swine 
serum and to a lesser ex ten t  by hunaan serum. It was not " ac t i va t ed"  by  ~ • 1(5 s M 
Fe('I..,, Mn('12, Mg('l.a, ( 'a( ' l  2 or ('o('1., or by  I • IO -a M ZnSO4; however, the ac t iv i ty  of 
the enzyme was increased by I • Io a M cvsteine. The s imi la r i ty  of the acidic endo- 
pcpt idase  to pro teoly t ic  enzymes described by other  inves t igators  is discussed. 

( ; rad ient  elution ion-exchange ch roma tog raphy  of water  insoluble elastase 
cuglobulin produces two major  water  soluble components ,  elastase and the acidic 
endopept idase .  When dis t i l led water  solut ions of the purified enzymes were mixed 
conlplex formation occurred (precipi ta t ion)  between the basic prote in  elastase and 
the acidic endotseptidase.  The flwmation of the euglobulin when acid ex t rac t s  of 
swine pancreas  are d iah ' zed  against  dis t i l led water  is thus  explained.  ('omt~lex for- 
l lmtion was maximal  at low ionic s t rength  when tile enzymes were oppos i te ly  charged 
and was minimal  below the isoelectric point  of the acidic endopept idase  (--- I5ti 4.I) 
or above tilt ' isoelectric point  of elastase (pH 0-5)- The react ion was essent ial ly  abol- 
ished at I o.or r. The equivalence point  for the react ion was 2.8 mg of elastase I nag 
,~1" acidic endopet)t idase.  One mole of acidic endopet) t idase is capable  of binding 
ap lwoximate ly  four moles of elastase. Al though t rypsin ,  another  basic protein,  was 
t~recipitated by the acidic endopept idase  the da t a  suggest a preferent ia l  react ion of 
the l a t t e r  enzyme with elast;tse. 
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I N T R O I ) U C ' H O N  

Since the discovery of the enzyme elastase (Pancreatopeptidase E (EC 3.4.4-7)) 
by BALO AKI} BAX(;A a several methods describing procedures for the isolation of the 
enzyme from swine pancreas have been Imblished. Of those employing {'olumn chro- 
matography, the starting material has been either the euglobulin 2,a or crvstalline 
elastasO. Both of the latter preparations are insolut)h' in water and the elastase 
produced, via ion exchange chromatography, from either preparation is solut)le in 
water. In addition, gradient elution ion exchange chromatogral)hy" of these prepa- 
rations t)ro(tuces an acidic endopeptidase which is also soluble in water. It was reasoned, 
therefiwe, that tile water insolubility of and, therefore, the formation of elastase 
euglobulin might be due to the interaction of the basic protein elastase and the acidic 
endot)eptidase. When water solutions of elastase and the acidic endopepti(lase were 
mixed, a euglobulin precipitate was immediately formed showing that the latter 
premise was indeed correct. Further, the virtual absence of tryt)sin, which like elastase 
is a basic protein, in purified elastase preparations has been somewhat of a paradox 
since the initial stages of the procedure for the extraction of both enzymes from swine 
pancreas are similar '~. More importantly, trypsin, like elastase, reacts with the acidic 
endopet)tidase at low ionic strength to produce an insoluble euglobulin. 

Tile present report deals with the isolation and partial characterization of the 
acidic endopeptidase, the reaction of elastase and the acidic end.pel)tidase in detail 
and explains the absence of trypsin in purified elastase preparations. 

A preliininary account of a portion of this work has been published". 

MA'IT2RIAI.S AND METHODS 

Isolation amt partial characterization of the acidic cmtopcptidasc 
Pancreatic elastase euglol)ulin was prepared from ioo g of Trypsin I-3OO (Nu- 

tritional l~,iochemicals), a dried i)reparation of swine pancreas, according to the 
method of I.EwlS ct al. ~ with the exception that dialysis was carried out with two 
successive z6 1 volumes of distilled water rather than running tap water. 

The euglobulin precil)itate was washed four times in cold distilled water,dis- 
solved in IOO ml of o.o 7 M carbonate buffer (molar ratio NaHCOa:Na,,CO s = 15, in 
o.o 4 M NaC1), pH 8.0, and dialyzed overnight against i(i 1 of distilled water. This 
procedure was repeated twice more. 

('olumn chromatography 
I)EAE cellulose (Reeve Angel Co., Clifton, New Jersey; A23,o.9/nlilliequivalent 

t)er g) was prepared, adjusted to pH 8.9, washe(t with starting buffer (carbonate) and 
poured into 2.1 cm × 8o cm columns as previously describedS,L One liter of o.o 7 3I 
carbonate buffer (as above), pH 8.9, was passed through the column prior to the 
addition of 4o7 mg of elastase euglobulin (dissolved in 2oo ml carbonate buffer). 
It is necessary that the euglobulin solution added to the column be water-clear. Failure 
to completely dissolve the euglobulin will result in the appearance of elastase in the 
acidic endopet)tidase peak. The chronaatograms were developed with a two-chambered 
gradient (Varigrad; 2 x 4oo ml) with 1.o 7 M buffer (I 3I NaCl-o.o 7 M carbonate) in 
chanaber 2 and o.o 7 3I cart)onate in chamber I. 
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The fra('tions c(>mt)rising the acidic ench)peptidase peak were t>()oled, d ia lyzed  
against  I(> 1 ()f o.o 7 M (-arbonate buffer and subjec ted  to rechromatogral>hy ()n I)EAI'] 
('elluh)se under  the ab()ve c(mditions.  The peak from the second DEAl'." run was als(, 
subjec ted  to chr()nmtography using a th ree -chambered  gradient  sys tem (3 "< 4 °o ml) 
in which chambers  t, z, and 3 conta ined respect ive ly  o.o 7 )I ca rbona te  lmffer, o.I 7 M 
Na(71-carbonate (o.i NaCI --  o.o 7 M carbonate)  and ~.o 7 M N a ( ' l - c a rbona t e  (as 
ab()ve). A single sxmnwtr ica l  peak was produced in both instances.  All final l>r()ducts 
(p()oled peaks) were di,~l.vzed against  two i61 vohlnles of dis t i l led water  and ly(>philized. 

Zorn' clectrophoresis  i~t aL, ar A'cl 
These exper iments  were carried out as previously  descr ibed f()r ehtstase l°. 

.Microslides its well as 5 ('m >! z 5 cm phot()graphic plates  were used. A o .e  c m  4 cm 
sample slit, which acc(ml()dated a o. t ml sample  ( [ m g  acidic end()t)eptidase), was used 
in conjunct ion with tilt ' photogral)hic plates  and a 3 mm sample  well for microslides 

(5 t~I samples).  
The ehx'tr()ph()retic mobi l i ty  of the acidic endopet) t idase was de te rmined ,  

re la t ive  to a l lmmin,  fr()m hem(>glotm>iInpregnated agar  ()n microslides as previously 
described ~(). lnmaunoele('tr()t)horesis (used in the  de te rmina t ion  of electr()t>horetic 
m,)bility) was carr ied out  according to the method ()f SCHIZ. II)E(i(;I~.R II. 

l "ltracentrzlhfgatioJ~ 
The Beckman Model E ul t racentr i fuge was used to de te rmine  the dependence  

,,f the sed imenta t ion  coetficient (s,_,0a,.) on concentra t ion  and,  therefl)re, the value (,f 
the sed imenta t ion  c(,efficient at infinite di lut ion.  Purified acidic endopel>tidase was 
used at concentra t ions  of 1.70 , 3.52, and 7.o3 mg. ml. 

An apparen t  diffusion c(wfficient was de te rmined  from sedimenta t i (m boundary  
curves as suggested by  ];UJITA l" using the equa t ion :  

( .q  , ' H , , , ,  r) a .I . '71)1 ( I ? 

where A is the area under  the se(l i lnentat ion bounda ry  curve, Hma.r the height of the 
max imum ordina te  of the same curve, 1) the diffusion coefficient and I ix tilt '  t ime in 
seconds. The slope of  a plot (A/H,,~tt.T)" ",.,s. 4,-r t ix I), the diffusion coefficient'". 

Areas were de te rmined  by p l an ime t ry  (average of three separa te  measurements) ,  
on a IO x t rac ing (Model 6 Nikon compara tor )  of the sed imenta t ion  bounda ry  curves" 
represent ing frames 7 - I °  (q() ~44 minutes).  Areas from the t racings were conver ted  
t() the areas in the cell using the equati()n: 

• | ))hillim*,)*,r, (Cllla) 
..I,.,... (c]n 2) . . . . . . . .  ', ') 

where F is th(' magnif icat ion of the enlarger  ( I o > )  and mc tile magni l icat ion of the 
camera  lens. 

Values ob ta ined  for the sed imenta t ion  and diffusion coefficients were conver ted  
to s t andard  c(mditions (s,,0,,,. and/),,0,,A as descr ibed t>x SCIIACIIMAN la. 

* The  c o n c c n t r a t i o n  of  t he  ac id i c  v n d o p c p t i d a s e  was  7.o3 m~/ml .  l ' h c  b o u n d a r i e s  in 
fl'~al'KleS 7 ..i O (tO lllill  I.)CF franac) wcrc  .suff icient ly r e m o v e d  froln t he  m e n i s c u s  to p e r m i t  t he  supe r -  
i m p o s i t i o n  of  a s o l v e n t  base l ine .  The  b a s e l i n e  d e t e r m i n a t i o n  was  m a d e  fo l lowing  t h e  p r o t e i n  ex-  
pe r in lvn t .  
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Determination of apparent molecular weight 
An apparen t  molecular  weight (tool. wt.am,) was ca lcula ted  from the well known 

Svedberg  equa t ion :  

RTs  
mol.  wt .app - -  . . . .  (3) 

/-)(I --?7) 

using the value fiw the diffusion coefficient (D) as de t e rmined  above and the sedimen- 
ta t ion coefficient compu ted  from the same run. The par t ia l  specific volume, f, was 
assumed to be o.75 ml/g. 

The inol. wt. of the acidic endopept idase  was also de te rmined  as previous ly  
described*, on Sephadex (;-2oo ~t (Pharmacia)  at  p t t  8.3, I o.z. A 2.1 cm × 5o cm 
column was employed.  The colulnn was ca l ib ra ted  with I ml of human whole serum, 
which provided the elut ion posi t ions (V) of , r , -macroglobul in  (u,,M ; nlol. wt. 82o ooo), 
~,G-globulin (tool. wt. 16o ooo) and a lbumin (tool. wt. 60 ooo). The void w~lume (\ ' . )  
of  the column was taken to Iw the elution p~ sition ofgt.,M. A third p(~int on the plot of 
V/V o vs. log tool. wt. was provided  by the elution posi t ion of elastase (tool. wt. 
25 ooo)L A thi rd  and final run was carried out to de te rmine  the elution posit ion and 
subsequent ly  the apt)arent  molecular  weight of the purified acidic endopept idase .  

Absorption spectrum 
The absorbance  of a solut ion of the acidic endopept idase  (I Ing/ill]) in o. i  acet ic  

atcid and Miller ( ;older  lmffer t'~, p l l  io,  I o.t  : I"0 Na( ' l  was de te rmined  l)etween 
23o and %;o mt,. The ext inc t ion  coefficient, E'~'!I',,, was de te rmined  from the absorbance  
value ob ta ined  at  28o rap. 

pH optimum 
The buffers of .~IILI.I-R AND (~OI.I)ER 1~~, I o . i ,  were used. Five ml w~lumes of 2'Ii, 

hemoglobin (Hb; Nut r i t iona l  Biochemicals) subs t ra te  powder  in o . i  lXl NaCl were 
ad jus t ed  to the appropr i a t e  p t t  with o.I .M HCI or o . i  IXl NaOH and subsequent ly  
d i lu ted  t~ IO ml with lmffer of the same pH. The final hemoglobin concent ra t ion  was 
I%. 

The react ion mix ture  consisted of the following: 2 ml of I 'I" hemoglol)in at  the 
app rop r i a t e  pH, o.I  ml of acidic endopep t idase  (I mg/ml  in o.I  ~.i NaCl) and buffer, 
of the proper  pH, to a to ta l  volume of 4 nal. The react ion was allowed to proceed for 
3o nfin at  37 °, and was s topped  with 6 ml of  2.5 % tr ichloroacet ic  acid. Af ter  s tanding  
for 1. 5 h at  room tempera tu re ,  the react ion mixtures  were centr ifuged.  The absorb-  
ante ,  at 28o rap, of the  supe rna tan t s  was de te rmined  and,  af ter  b lank correction,  was 
p lo t ted  as a function of  p t l .  

An identical  procedure  was employed  for o.o25 M d i e thv lba rb i t u r a t e  troffers. 
Effect of hea D, metals and cvsteim' 
The ac t i v i t y  of the acidic endopept idase  on hemoglobin was tes ted  in the 

t)resence of the following compounds :  FeC12, MnCL, CaC1. a, CoC1,,, ZnSO 4 and cyste ine .  
The concent ra t ion  of all compounds  tes ted was I • IO -a M. The react ion mix ture  con- 
ta ined  the following: 95/*g of acidic enclopeptidase,  2 ml of 2".i, hemoglot)in in o.o27 ~I 
d ie thy lba r l ) i tu ra te  troffer, pH 8.6, 4"IO-S mmoles of test  compound,  and die thvl-  
ba rb i t u r a t e  buffer to a to ta l  w)lume of 4 ml. The remainder  of the procedure was 
carr ied out  as descr ibed above  under  "pH op t imum" .  

Inhibition by serum and diisopropylphosphorofluoridatc ( D FP) 
Since elastase,  t ryps in  and chynlo t ryps in  are inhibi ted  by  proteins  in serum 
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and the fact tha t  all of the above enzvmes are D F P  sensit ive,  it was desirable to 
ascer ta in  i f  purified acidic endopept idase  shared these propert ies .  

I l uman  or swine st:rum" was mixed with an equal volunw of acidic endot)ept idasc 
solution (I ing/mI) and the pro tco ly t ic  ac t iv i ty  - f  o.I  ml of the mix ture  de te rmined  
as described under "pH ot) t inmin".  The p t l  was 8.t). The percentage inh ib i t i . n  was 
cah-ulated from al)sorl)ancc values (280 ll)~tl) ()f the supe rna tan t s  (with and xvith,mt 
serum) af ter  correct ion for the blanks.  

Inhibi t ion of the acidic endopept idase  by I ) F P  (Aldrich Chemical ( ' . . )  was 
carried out as above with ioo tlg of acidic endopept idasv  and 2oo nfillimole~ of I )I ;P 
(in 2-propanol)  in a to ta l  volume of 4 nil. 

]'rotcolvlic activity of the acidic cndopcptidasc. Pcptide mapping of diycsts q/" the 
.-1 amt 11 chains @ oxidized insulin 

For purposes of compar ing  the ac t iv i ty  of the acidic endopept idase  with da t a  
publ ished for othc.r endol)cptidascs,  pep t idc  mat)ping of digests of the A and 13 chains 
of oxidized insulin was carried out  according to KATZ ct al.l(L The react ion nlixturc'(s) 
conta ined the fiJllowing: I2 mg of A and B chain (Mann Research) in 5 nil of o.i 31 
N H I I t ( ' ( )  a, pH ,S.o; o.o 5 ml of acidic cndopcpt idase  U.o mg/ml) was added  at the 
beginning of the exper iment  and o.o 5 illl a f ter  I. 5 h. The to ta l  incubat ion t ime was 
3 h at  37 ~. The digest was lyophil ized,  r ehydra t cd  with 1.2 ml of dist i l led water  and 
o.2 ml subjected to pept idc  mapping  Oil \Vha tman  3 31M tilter l)apcrUL 

('omparative reaction rates 
( ' ompara t ivc  react ion rates for the h \d ro lvs i s  of the . \  chain of oxidized insulin 

(lS, laml Research) and dena tu red  hemoglobin (Nutr i t ional  Biochemicals) were de- 
te rmined for the acidic endot)ept idase and u -chynmtryps in  (\VorthingtCm, 2 , crysta l -  
lized). The consumpt ion  of o. i  31 Na()H was fl~llowed in the p t t -Nta t  (Rad i ,me tc r ) .  
Tim react ion mixtures  conta ined ei ther  0 mg of A chain or 25 mg ,,t" hcmoghd)in in 
2 nil of o.i  3I bi('l o.oot 31 Ca('l  2 and o.o 4 nag (in 4 °/~1) of enzxme. The react ion was 
carried out at pl-I 8.9 and 37 under  an atnlospl lcre  of ('()2-free nitrogen.  The ra te  of 
hydrolys is  was de te rmined  from the slotw(s ) of the linc t)roduccd during the lirst 3 
to 5 rain of the reaction.  

The ac t iv i ty  of the acidic endopept idasc  on N-bcnzoyl-L-arginine e thyl  ester  
and : \ - ace t \ l - t . - tv ros ine  cth\ ' l  ester (\Vorthingtcm) was de te rmined  acc(~rding to 
SCHWI-RT AND TAKFNAKA 17. Fi f ty  #g of acidic endopcpt idase  was used in the dc- 
tcrminat i , ,n .  Tryps in  and chy'motrypsii~ were used at concent ra t ions  of 5/~g per run. 

Interaction of dastasc amt the acidic emtopcptidasc 
The acidic cndopet) t idase  and elastase were prepared  as descr ibed a b . v c .  

Trypsin  (5 " crystal l ized)  was a product  of the Armour  Chemical Co. and was kindly  
suppl ied  by l)r. \V. R. Thomas.  It was further  purified by a single passage thr~mgh 
I)I ' ;AE cellulose under  the condi t ions used above  ll)r elastasc.  

Elastase ac t iv i ty  was de te rmined  on orcein-dx'cd elast in (Worthington)  using 
a modi f i ca t ion  of  the m c t l > d  of SACH.-XR et al. xs. Trypt ic  ac t iv i ty  was de te rmined  using 
N-benzoyl-L-arginine e th \ ' l  ester  as described by .<,CttWERr AND "I'AKI-NAKA Iv. l ' ro tc in  
was de te rmined  using the method  of ] .owRv ct a l )  u. 

Equivah'm'c point 
This pa ramete r  was de te rmined  by react ing a constant  amount  of elasta~c with 

• l~ial\'zcd ow,rnight a.~ainst -oo \'olumcs ~,f o.o2 7 M dicthvlbarbituratc butler, pl[ ,~.~,. 
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increasing amounts  of  acidic endopeptidase. Tile reaction mixture contained tile 
fl)llowing: o.2 ml of elastase (o.95 mg/ml in distilled water), graded ainounts of acidic 
endopeptidase (o.rI5 mg/ml in distilled water) up to i.o ml and distilled water to a 
total wfiume of ~.2 ml. The final pt t  was 0.9. The ionic strength was zero (or approach- 
ing zero) since distilled water was used. The reaction does not occur at high ionic 
s t rength;  hence, in this and subsequent experiments tile ionic strength was kept as 
low as possible in order to obtain nlaximal precipitation. Following 3 ° inin incubation 
at o", the precipitates were removed l)y centrifugation at 3oo0 rev. per rain for 2o rain. 
The supernatants  were used for elastase act ivi ty and protein determinations. 

The reaction mixtures for the determination of elastase activi ty 18 contained t he 
following: o.2 ml of elastase-acidic endopeptidase supernatant ,  IO t'llg of orcein 
elastin, and 1.8 ml ofo.o  7 M carbonate buffer, pH 8.9 (molar ratio NaHCOa:Na,a('(.):~ 
15, in 0.o 4 M NaC1). The reaction was allowed to proceed for 3 h at 37 ° at which time 
the tubes were plunged into an ice bath fi)llowed by centrifugation (2 °) at 3ooo rev. 
per rain for 30 rain. The absorbance at 59 ° m/~ of the supernatants  was determined 
and, after blank correction, was plotted as a function of increasing amounts  of acidic 
endopet)tidase. 

The precipitates were pooled, washed 5 times in cold distilled water, dissolved 
in o.o27 5I diethvlbarbi turate  buffer, pH 8.0, and subjected to zone electrot)horesis in 
agar gel. lgollowing electrot)horesis, the gel layers were overlaid with elastin particles 
in agar fi)r deinonstrat ing elastase act ivi ty or impregnated with hemoglol~in to demon- 
strate proteolytie activity.  These methods have previously been described in detail TM. 

Effect of ionic strength 
These reaction mixtures contained the following: o.I ml of elastase (2.43 nag/nil 

in distilled water), o.x ml of acidic endopeptidase (2.54 mg/ml in distilled water), an 
appropriate  aliquot of ~ M Na('l and distilled water to a total w~lume of I.o nil. The 
reaction mixtures were incubated at o" for 30 rain and centrifuged as above. The 
supernatants  (o.z ml aliquots) were analvzed fur elastase activity,  as above, and the 
enzyme act ivi ty plotted as a function of ionic strength. 

Effect of pH 
One mg samples of  acidic endopeptidase were dissolved in 2.o ml of o.ooi M 

NaOH or o.oo~ 5I HC1. Each sample was adjusted to the appropriate pH with o.oI M 
NaOH or o.oI M HC1 and dialyzed overnight (4 ~) against I liter of o.ooi .M NaOt t  or 
o.oo~ M HCI or mixtures of the same to give an ionic strength of approximately  o.oo~ 
and a pH between 3.o and Io. 5. Samples between pt l  7.o and Io.5 were dialyzed under 
an atmosphere of nitrogen to prevent CO z absorption. 

l-ollowing dialysis, a protein determination ~ was made on the contents of each 
dialysis bag. One ml aliquots of each pair (acidic endopeptidase and elastase of a given 
pH) were mixed, incubated at o: for 3o rain and centrifuged. The protein content of 
the supernatants  was determined. This data  was used in the construction of a histogram 
showing the quan t i ty  of protein precipitated as a function of pH. 

RESULTS 

Isolation and partial characterization of the acidic endopeptidase 
DEA E cellulose chromatography of "euglobulin precipitate" 
Fig. IA illustrates the results obtained when the "euglobulin precit)itatc ~'' was 

ll~ochim. Bu~phys. Acta, 22o (197o) 534-55x 
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1"i~4. I . ( ' } l r o l l l l t l o J 4 r a p h i c  s e p a r a t i o n  o f  tilt_, acidic cndopc 'p t idase  0 I I  2 .  l CIII  > ~ 0  CIII  c ( ) h l l l l I l , %  ()|" 

l ) I ; . \ l "  cellulose. (A) 407 m~ (2ooml )  of  "euRIobul in  p rec ip i t a t e . "  l.;trKe b r c t t k th ro u g h  p~'ak is 
elastase,  l .a rge  second peak e lu ted  a f te r  add i t ion  of g r ad i en t  is t he  acidic endopc, p t idase .  Frac-  
t ions  pooled arc indica ted  at u p p c r  por t ion  of  peak,  (B) l ' % c h r o m a t o g r a p h y  of  peak f rom (..\) : 
f rac t ions  pooled are inil icatcd a t  t op  of  peak.  l ; xpu r imen ta l  cond i t ions  were identical .  The  p l l  
t h r o u g h o u t  was  S. 9 (o.o 7 M c;u'l)(matt,) ; (;r;.t(licllt, 2 x 40o i'lll, ~,vlts l)elz, illl i l l  bo th  c;.tsc.'-; a t  fr:.tc- 
tioll .51 (arrows) ; flow rate .  ¢)t) Iiil/h. t'ractit)n vohlnle  1o till. "I'hc t e lnpera t t l rc  ,,',';is -t '. Sec t ex t  for 
details .  

subjected to chr(mlatography on I)EAE cellulose at t)I] 8.% Two major peak areas 
are apparent. "l'hu tirst peak off the. colunm (breakthrough) is elastase. The broadness 
of the. peak is due to the large volume of sample added. The second major peak is the 
acidic en(topeptidase. The fractions comprising the symmetrical portion of the acidic 
cndopeptidase peak were pooled, dialyzed against starting buffer, and rechromato- 
graphed on DEAE cellulose under the same conditions. These results appear in Fig. i 1~. 

It can t)e seen that a single symmetrical peak was produced. The fractions comprising 
this peak were pi)oled, as indicated, dialyzed against distilled water and lyophilized. 

"l'he yield of the acidic endopeptidase from Fig. z H was Io9 mg and the calcu- 
late(t yield of the enzyme tri)in io(.) g of Trypsin I-3OO x,v;.ts 21o nlg. 

Zorn' ch'ctroflhorcsis i~z agar gel 
The "eugh)bulin precipitate" which was used above a s  a s o u r c e  o f  the acidic 

cndopeptidase is used also in the purification of elastase. Three examples of potential 

Hwchim. ltio/dLvs...IHa, zzo (i(}7o) 53.1 5.5| 
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sources of the acidic endopeptidase and elastase are shown in the hemoglobin im- 
pregnated electrophoretograms presented in Fig. 2. Fig. 2A represents the "euglobulin 
precipitate" which had been dialyzed against water only one time. Fig. 2B presents 
the results obtained with euglobulin used in the chronmtographic separation of the 
acidic endopeptidase (Fig. ~). Fig. 2(7 is representative of cr\,stalline "elastase" 
(Worthington). With the exception of the euglol)ulin sample represented l)v the 
electrot~horetogram in Fig. 21"I, the other pIetmrations are t)robably tmsuitable t~w 
t he separation of both elastase and the acidic endopeptidase on a single I)EAE ct~lumn, 
i.e. both crystalline "elastase" and I × precipitated euglobulin are multi-component 
rather than two-component mixtures. 

Figs. 21) and 21'." are electrophoretogranas of purified acidic cndopeptidase, one 

A 

) 

E 
.A 

i '. / '. 

Fig "_,. Zone electrophoretic separat ion ¢~f crude and purified 'preparat ions of acidic endopepti-  
dasc. (A)"l'~uglol)ulin precipitate." 17.. ! mg/ml;  one precipitation against distilled water;  l, 
acidic cndopcptidase;  z, clastasc; 3, t rypsin?;  4, chymotryps in?  ()no percent agar in diethyl- 
t)arbituratc I)uiter, pH 8.6, 1 0.o27; tield intensity 9.3 V/cm. r h; sample volume 5 I tl. Following 
electrophoresis the agar  was immersed in o.z0i~ hemoglobin (in the above buffer) for I h at 37'  
followed by incubation fi)r an additional 2 h, fixing and staining (:\mido black I()B). Zones ,,f 
clearing are indicative of proteolytic activity. The anode is at the left. (BI "Euglobul in precipi- 
t a t < "  i .o  n lg /ml ,  prepared as ol l t ] incd ill METtlOI)S. ~ 'o tc  ;tbscIlCe of  e n z y l n e s  o t h e r  t h a n  the 
acidic vndopeptidase and elastase. ¢)thcr conditions and designations as in (A). (C) Crystalline 
"elastasc."  \Vorthin~ton, I 8 m ~ / l l .  {)ther conditions and designations as in (A). (1_)) Purified 
acidic endopeptidase,  I mg/ml. () ther cmlditions and designations as in (A). (E) Agar gel clect,'o- 
phorc tograms of puritied acidic emlopvptidase, lo nag/nil, l:ollowing clectrophorcsis the agar 
slide (5cm "< - '5cm) was immersed in acetic acid saturated picric acid, (z5:75, v/v). for 3 o m i n  
followed by drying under tilter paper  and staining (Amido black); ~..~ \ ' / cm for t. 5 h. 

Fig. 3. Ultracentrifuge pa t te rns  of purified acidic endopeptidase.  Protein concentrat ion 7.o5 nag,: 
m l i n  Miller--(;older buffer, p l [  to, 1 o.t ,  -. t°~, Na('l. First exposure 34 m i n n f t c r r e a c h i n g s t ~  78o 
r cv .  pe r  ra in . ,  e x p o s u r e  interval if, ln i l lu tes ;  d i a p h r a g m  an g l e  ()O, 

Hto¢hi~. 13iophyx. Acta. 2,o (1<)7o) 534.-551 
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impregna ted  with hemoglobin (Fig. 2I_)) and one which has been immersed in sa tu ra t ed  
pieric a c i d - 2 o %  acetic acid, (75:25, t)3 vol.) "° and s ta ined with Amido  Black roB. 
Both c lec t rophol 'e tograms a t t e s t  to the absence of ei ther  ex t raneous  pro tco ly t ic  
ac t iv i ty  (Fig. 21))or  con tamina t ing  protein  (Fig. 2E). 

The dee t rophore t i e  mobi l i ty  of the acidic endopept idase  relat ive to lmman 
seyUlll a lbumin was found to be -- 5.9" IO " cm 2. V ~ "see ' or exaeth" the equivalent  
of human se, rum albumin.  

• "ltrace~tlr~fugal analysis  
These runs were under taken  first to supply  addi t iona l  da t a  on the h~,mogeneity 

~t lhe purified acidic endopept idase  and secondly to ascertain the effect of com'en- 
t ra t ion  upon the sed imenta t ion  coefficient. 

Fig. 3 presents  the Schlieren pa t te rn  ob ta ined  wken the acidic cndopept idase  
was subjec ted  t,, a n a h s i s  in the analy t ica l  u l t racentr i fuge at a concent ra t ion  of 7.o3 
mg:ml.  ()nh" one sxmmetr ic ;d  peak was produced.  

\Vhen the s.,th ., was p lo t ted  as a function of concentra t ion,  a horizontal  line was 
produced indicating that  the s.,0.,,, is not dependent  ut)-n concentra t ion.  The infinite 
di lut ion value (s"._,0,~,), as well as the values , f  all the exper imenta l  points  on the plot 
,,','its 3 . I .~  • IO la s e t ' .  

Since tim sedimenta t ion  coefficient was not dependent  upon concentra t ion in 
this Imffer system, it was possil~h' t(~ util ize F/~JrrA's method  ~2, i.c. equat ion (I), to 
de te rmine  the diffusion coefficient. The vahw ol)tained was D.,0,, . 8 . 7 - i o  ~ era" .sec 

, ' l pparcn l  moh'cult lr  a'cighl 
Fig. 4 presents  the elution posi t ions of three reference prote ins  as well as the 

elution posit ion of the tmrified acidic endopept idase  from a column of Sephadex G-2oo. 
The \ ' / \ ' .  value for the acidic endopept idase  (Fig. 4, No. 4, arrow) was 2.13 which 
corresponded to an apparen t  lnolecular  weight of  39 9oo. 

30 
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I:ig. 4. l ) c t c r m i n a t i o n  o f  t h e  a p p a r e n t  reel .  w t .  o f  t h e  a c i d i c  e n d o p e p t i d ; t s e  b y  ~el t i l t ra t i~m ~m 
S c p l u a d e x  ( ; - 2 o o .  ( ' ( ) l l . l l l l l l  d i l l l C l l s i o n , s  2.1 c l l l  ~ 5 0  Cl]l ~ ttow ra te ,  - o  l I1] :h  ~ | ' r ; i c t i o l l  v o l u m e .  5 i l l l ,  
p h o s l ) h a t e  h u l l e r ,  p l l  '%3. I o.x,  V, e l u t i o n  VOIUIII t ' ;  V,p vo id  v o l u m e .  [, (']ttst~l.NC] 2, h U l l l ; l l l  
;d in ,  r a i n :  3, h u n m n  7 t ; - g h ~ l m l i n ;  4, a c i d i c  c m l o l ) c p t i d a s v .  Nee t e x t  fi~r f u r t h e r  d e t a i l s .  

t"iu. 5. l ' r o t e o l y t i c  ac:t ix ' i tv ~ |  t h e  a c i d i c  c n d o p e p t i d a s e  as  a f u n c t i o n  o t  p l l .  S u b > t r a t c .  -' ml (,f 
1 c~o h C l l l ( ) R l o l ) i n  ; cIIZVIl lC c o l a C C i l t r a t i o n  o.  I l'ta~ ; t o t a l  v o h l i l ] c  o f  r e , a c t i o n  l l l i X t t l r t ' .  _l t Ji l l .  ] I i C i l | ) i l t c d  
3~ ra in  a t  37 • (O), Mi l l e r - - ( ;o ldc r  bu f f e r s ,  ] O.T; (A}, d i e t h v l b a r b i t u r a t c  lmf lc r s ,  [ o . o -  5 . Scc  t c x t  
f i~r  ¢lct~lils. 

lcwch~m, t~wpiz),s..4eta, .z>>o (i~7o~ 53.1-351 
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The molecular weight calculated from the sedimentation-diffusion data (equa- 
tions (I) and (3)) was fimnd to be 35 3oo which is in good agreement with the value 
obtained by gel filtration. 

pH optimum 
l:ig. 5 ctepicts the results obtained when the activity of the acidic endopeptidase 

is plotted its a function of pH in two different buffer systems. The pH of optimal 
enzwne activity was approx, io. 7. 

"Activation" or apparent inhibition kv heazy metals and cysteine 
Table I presents the results obtained when various salts of heavy metals and 

T A B L  1'." I 

I : I e F E C T  O F  H F A V Y  M E T A L S  A N D  C V S T E I N E  O N  T H E  P I I O T E ( I L Y T I C  A C T I V I T Y  O F  A C I D I C  E N D O P E p T I -  

I ) A S E  

M o l a r  c o n c e n t r a t i o n  o f  al l  c o m p o n n c t s  t e s t e d  a r e  I I o - a ;  e n z y m e  c o h e n ,  in al l  c a s e s  w a s  95 f i g ;  
s u b s t r a t e ,  2 ml  o f  2 % h e m o g l o b i n  in 0 . o 2 7  M d i e t h y l b a r b i t u r a t e  buf fe r ,  p l  I 8 .6 ;  t o t a l  v o l u l n e  o f  
r e a c t i o n  m i x t u r e ,  4 ml ;  i n c u b a t e d  a t  37"  fo r  3 ° ra in .  See  t e x t  ff~r d e t a i l s .  

Comp,,und tested En:yme 
achvity" 

]'~ 11 Z }," I l l  (! 0 . l o I l e * "  I . O O  

l'e(_'l 2 O.S¢) 
MnCI 2 0 .78  
.MRCI z o .98  
CaCI 2 o .98  
('o('12 0.56 
Z I I S (  ),t o . 4 2  

( ' y s t e i n e  I. 18 

• (,4~s 0 w i t h  t e s t  c o m p o u n d ) / ( A  ~s0 e n z y m e  a lone ) .  
"" E n z y m e  a l o n e  g a v e  a b s o r b a n c e  a t  28o  nlff (.42s 0) --- 0 .55 .  

cysteine, at concentrations of I • IO - 3  ~I, were tested for their ability to "activate" or 
diminish the activity of the enzyme. The data indicated that the acidic endopeptidase 
is apparently not a metal-associated enzyme. Indeed, the activity in tile presence of 
all cations tested was less than with the enzyme alone. Cysteine, however, increased 
the activity of the enzyme. 

Inhibition by serum and diisopropyl phosphorofluoridate 
The proteolytic activity of the enzyme was inhibited 37°0 by human serum 

and 8o% by swine serum. This result is no doubt due to species differences since the 
source of the acidic endopeptidase was swine pancreas. 

The activity of the enzyme was found to be completely inhibited by DFP and 
is in this respect similar to elastase, trypsin and chymc~trypsin. 

Absorption spectrum 
A typical curve with a single peak between 23o and 3oo mff was obtained when 

the absorbance of a solutilm of the acictic endopeptidase was plotted as a function of 
wavelength between 23o and 63o mff. The extinction coefficient, E~,~)., at 28o mff 
was I4.6 in o.~ M acetic acid and ~6.6 in Miller Golder buffer, pH Io, I o.I, plus I'I 0 
NaC1. 

Table II summarizes the physicochemical properties of the purified acidic 
endopept idase. 

Biochim. h:iophys. A eta, 22o  (I 97 o) 534  -55 r 
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"I'A l{lA'i 11 

.%()ME I ' | I x~ 'S ICAI .  A N D  C I I t ' ; M I C A I .  P R O I ' E R T I I ' ~ S  I l l "  . ' \ C I I U C  k ' N l l ( I P l ' ; l ' I ' l l )  ~NI'; 

('.*l.~la~lt or p~r@trty l 'a lm 

,~,'cdimc~tatim* c,;clticic~d, s~,~.,,. 

. \ p p a r e n t  d i f f u s i o n  coef f i c i en t .  1)..,,,,,,. 
A p p a r e n t  l n t f l ecu la r  w e i x h t :  

.,.' ,'1 l i h r a t i o n  
s e d i m e n t a t i o n ,  diffusicnl  

I'~xtincH~,n coe f t i c i en t  (I-~iii;I, - S o  m/ ,  ! in :  
.Md]er {; , r ider  Iml le r .  i . n i c  s t r cn Ic th  

, i . l  : n " , ,  XaCl  
o.~ 31 a c e t i c  a c i d  

I-loot r o p h o r e t  ic m o h i l i t v  
p | l  o p t i m u m  
I n h i b i t e d  b y :  

]1 l l l l l ~ l l I  S e l ' l l  I I I  

>wine :qerll ii i 
1)1"1' 

S o l u b i l i t y  in w a t e r  
I '~lastase a c t i v i t  \" 

{. 1 3 " 1 0  l:l  S t ? (  

,N. 7 " [ O  7 C l l l  2 "~(?C I 

35 3 ocl 

l ( ) . t )  

I 4 . 0  
5 . 0 "  1( )  5 . e l l l  :~- V I ' ~ 4 0 C  1 

I o .  7 

l'rotcolvtic amt csh'rolvtic acti','itv of the acidic cml@cplidasc 
The pcpt ide  maps of acidic endopept idase  digests of the A and B chains ,if 

oxidized insulin are pre.,ented in Fig. I). The re>tilts suggest a ra ther  broad specif ici ty 
for the enzyme and further subs tan t i a t e  its pro teoly t ic  nature.  

\Vhcn tlw proteoly t ic  ac t iv i ty  of the acidic end~pet~tidasc was c~mlpared to tha t  
o f  . - c h y m o t r y p s i n .  the results embodied in "l'atfle I I I  were . b t a i n e d .  It is seen that  
the  ra te  of h\ 'drolvsis  of the , \  chain of oxidized insulin is grea ter  flw the acidic elld~> 
pep t idase  t h a n  for a-chymotryi~sin.  The converse was true for dena tu red  h e n l ~ g l o b i n .  

The m' t ix i tv  ~f the enzyme ,m m'e . t \ l -L- tvr-s ine e thyl  ester, a subs t ra te  specific for 
chynmt ryps in ,  was app rox inmte ly  ~3-G~ld less than . - c h y m o t r y p s i n .  This result could 
reflect ;t slight con tamina t ion  of the acidic e n d . p e p t i d a s e  pre t ' a ra t i ,m with c h v m , -  
t rypsin .  The acidic endopet~tidase did n,,t hvdrolvze t'cnzoyl-l.-:trginme ethyl  est~ r. 
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Lu ~ '  

8 w 

a . .  0 a 

CHROMATOGRAPHY 

( ' .  ' ( , I  

,' i [', 

. J  
/ / - -  , f ' - - ,  
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'Z ~"~;C'; ~ " . : "  / "~ - '~"  
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C H R O M A T O G R A P H Y  

l"ig. 6. l ' e p t i d e  m a l l s  o f  a c i d i c  e m l o p c p t i d a s e  d i g e s t s  o f  t h e  c h a i n s  o f ~ x i , l i z e d  in su l in .  (.\) A c h a i n :  
(]~;'1 ja; c h a i n . . % u l ) s t r a t c  to  enzvme,  r a t i o  - I2Oi a p l m l x i m a t e l y  t h e  e q u i v a l c l l t  ,d" - Ill t/ (~[ initi~fl 
s u h s t r a t e  w a s  p l a c e d  . n  t i le  c h r m n a t o ~ r a p h i c - e l e c t r o p h , ~ r e t i c  o r i g i n  ( ; i r rmvs/ .  

Ht,ch tm.  Hz,phys. . . l~ta.  -,2o (m7ol  534 55~ 
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TAI~I.E II1 

COMPARArIVE PROTEOI.yTIC ACTIVITIES (71: "rill-: ACIDIC I-]NI)OPEPTII)ASE AND ¢I-CIIY.MOTRYI,SIN ()N 
VARIOUS SUBSTRATES 

5ubstratc ~t-(_'hymo- .dczdic 
trypsin end.pep. 

tida~c 

A chain of oxidized insulin 5--'4" 7-1q" 
H emoI41obin t z.4 o" 9.75" 
,\'-acet.vl-l.-tyrosinc ethyl ester x 9.4 o '"  1..t5'" 

• ttmoles Na()l t  consumed per rain per mg enzyme. 
' '  ..\I)soI'I);UICt~ Ch;Inxo (2..;7 llI/I) p~'r n/inut(! per ng ci1ZVlllt:. 

lnh'raction of clastasc and thv acidic cnd@cplidase 
When water solutions of the acidic endopeptidase and elastase were mixed a 

t, uglobulin precipiate was immediately formed. When the elastase-acidic endo- 
peptidase precipitate was dissolved in buffer and subjected to zone electrophoresis in 
agar gel, the results shown in l:ig. 7 were obtained. This experiment conclusively 
demonstrates  that  the precipitate is c(maposed of the two initial reactants  (Fig. 7A), 
elast,'Lse and the acidic cndopeptidase. In addition, it is apparent  that  the acidic 
endopeptidase is devoid of elastase activi ty (Fig. 7B). 

In an eff(wt to quant i ta te  the reaction, a constant  amount  of elastase was 
reacted with increasing am(~unts (ff aci(lic end(q)eptidase. The precipitate was removed 
by centrifugation and residual clastase act ivi ty of the supernatants  was determined. 

A 
~5 

Z 

B "-~ :Jl 

\ 
\ 
\ 

\ 

~ o  

2 4 6 8 10 2 

Acidic endopeptidase, mg x 10 

Fig. 7. Direct demonst ra t ion  of elastast, and proteolytic activities in agar gel electrophoretogranls 
of dissolved precipitate (o.o2 7 .M diethvll~arl~iturate buffer) from elastase-acidic endopepti(lasc 
reaction mixtures.  (A) Impregnated  with o.z'~, hcmoglolfin; incubated for 3 h at 37". (B) Overlaid 
with o.5"" elastin particles in agar; incubated at 37:; for 4 h. Note resolution of precipitate into 
two proteolytic components  in (A) and absence of elastase activity at the position of the acidic 
ench~peptidase in (B). ()nc percent agar in d ie thylbarbi tura te  lmffer, pH 8.6, l o.o27; sample 
volume, 5/*1; protein concentration, o.54 mg/'ml; 0.3 V/cm for t h ; arrow indicates electrophoretic 
origin; the anode is at the left. 

1:i~4. S. Elastase act ivi ty o f s u p e r n a t a n t  fractions ofe las tasc-ac id ic  endopeptidase reaction mix- 
tures as a flmction of increasing amoun t s  of acidic endopeptidase,  l-quivalcnce point is designated 
bv dashed lim~ from stoichiomeiric portion of the plot. Ph'ase see text for details. 

1Hot.'him. l~iophys..4cta, 220 (i97o) 5,";4 55 r 
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The results of a typical experiment are presente.d in Fig. 8. It is apparent  that  a 
stoichiometric reaction has occurred. The equivalence point for the reaction was 2.8 mg 
elastase I mg of acidic endopeptidase. Two additional experiments produced 
values respectively of 2.76 and 2.9(>. Also, it will be noted that  the line l>r()duccd in 
f ig.  8 deviates from linearitv in the area of the equiva]en('e p()int. This hvhavior is 
probably due to a slight dissociation of the elastase- acidic endopcptidase c()ml>h'x. 
Efforts to demonstrate  soluble complexes in the anah' t ical  ultracentrifuge I)y per- 
forming the reaction in an excess of acidic endot}eptidase were not successful. Protein 
determinati(ms (m precipitate-free supernatants  ()t clastase-a(-idic endotx'ptidasv 
reaction mixtures produced curves which matched the sh>l>e ()f Fig. 8. 

The st()iclliometrv ()f the reaction (Fig. 8) <'an ('onvenienth" he worked -u t  lw 
('onsideration of the tool. wt. of the acidi(' endopel)tidase, ('alculated fr()m the t 'quiva- 
lence point (2.8 mg elastase - - I mg acidic endopeptidase) using 25 ooo for the m()h'- 
('ular weight of elastase ". The tool. wt. cah'ulated for the acidic cndol)el~tidase (m the 
above basis would be 892( ) which as the results above have shown is too h)w by a 
factor of about four. The stoichiometrv of the reaction, therefore, would be 3.95 mole> 
of elastase bound per mole of acidic endopeptidase. ((2.8/25 Ooo)/(T/35 3oo) or 35 3oo." 
8 <)29.) The "valence" of acidic endopeptidase for elastase would be appr()ximately 
f o u r .  

Since the reaction between elastase and the acidic endopeptidasc occurred at 
low ionic strength it was of interest to determine the ionic strength a t  which the 
reaction would be abolished. These results appear in ]gig. (). "l'her(' is a gradual decrease 
in the reaction as the i(mic strength increases. The reaction is essentialh" abolish(,d at 
the intersection of the extrapolated lines in F i g .  (). This ionic strength was O.Ol I. 

The electr()l)horet(>gran~s in Fig. 7 showed that  the ('lastase-acidi(" end()pcptida~v 
precipitate produced at low ionic strength could be rvs()Ived in(() two rc~Lctants, ()m' 
with a negative charge density (acidic endopeptidase) and one with a positive charge 

03 
o 

u./ 
U 
Z 0 2  
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/ 
I O N I C  STRENGTH x lO ~ 

4 0  

~o 
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O io 
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31 52 70 90 )05 
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Fig. 9- In te rac t ion  of c las tase  and the acidic endopep t idase  as a funct ion (~l ionic ~tr('n~th. The 
o rd ina te  (As90 m/t) represents  the e las tase  a c t i v i t y  of the s u p e r n a t a n t  f ract ions  ()f ch ts tase-ac id ic  
endopep t idase  react ion m i x t u r e s  following removal  of p rec ip i t a t e  by centrifug~ttion. The intur- 
sect ion of the  dashed  lines was found to be I o.oi  I. l ' r ec ip i t a t ion  was min imal  al)ovc this  ionic 
strenRth. Please see t ex t  for detai ls .  

Fi R . lo. l'~t~ect of pH on the  mu tua l  p rec ip i t a t ion  of e las tase  and the ncidic end()pt,ptidasv. 
Ord ina t e  represents  the pro te in  p rec ip i t a t ed  in e las tase  acidic mldopcpt idasc  react ion mix tu re s  
of 1 o .ool .  Please see t e x t  for detai ls .  

Biochim. I¢iophys. Acta, 2zo (I07 o) 534-551 



F.LASTASE-ASSOCIATED ACIDIC ENI)OPEPTII)ASE 547 

TAI~LE IV 

F, T I ' ; P ~ V I S E  D E M O N S T R A T I O N  O F  T R X ' P T I C  A C T I V I T Y  I N  T H E  P R E P A R A T I O N  O F  E I . A S r A S E  E U G L O B U I . I N  

F R O M  D R I E I )  S~VINI '2  P A N C R E A S  

Numbers in parentheses refer to the specific activity (units/rag protein} of trypsin. A unit of 
tryptic activity is defined as the change in al)sorbance (237 mlt) of o.oor/min at 25 ~. 

Trypsin I-3oo 

[ t:.xtract with acetate buffer, 
pll 4.0, 1 <).I 

Acid dxtract 

Bring to o.45 of saturation with 
a n l  I~IOlliUlTI s u l f a t e  

I 
l'recipitate 

i)issolve in carbonate buffer, 
pll 8.9, I o.o7; dialyze against 
distilled water 

[ I 
Eugk)buliI~ Supernatant 

I Lyophilize [ l.yophilize 
i 

l)ried et, globulin Dried supernatant 
(tOo) (375) 

Supernatant 

l)ialvze against distilled water ; 
! lyophilize 

Dried supernatant 
( 4 s s o )  

dens i ty  (clastase). I t  was likely, therefore,  t ha t  t i le react ion was e lec t ros ta t ic  and 
was a function of pH. The results  presented in Fig. io  indicate  tha t  tile react ion was 
indeed pH de.pendent, therefi)re, a function of  charge. At  a pH below the isoelectric 
point  of acidic endopep t idase  (approx.  4)*, both  reac tan t s  car ry  the same charge and 
the react ion is minimal .  The same held t rue for the react ion above  the isoelectric point  
of  e lastase (9.5; see ref. 7). Where  the proteins  were opposi te ly  charged (at inter-  
media te  pH's) ,  however,  the  react ion was maximal  (Fig. Io). 

Tryps in  like elastase reacts  with the acidic endopept idase  at  low ionic s t rength  
to produce an insoluble complex (euglobulin). It was of interest ,  therefore, to examine  
the ini t ial  s tages of the ex t rac t ion  procedure  for a quan t i t a t i ve  evalua t ion  of the 
specific ac t i v i t y  of the produc ts  when reacte.d with BAE.  Table  IV presents  the results  
of this s tudy.  The results  show tha t  a to ta l  of 5445 units  of t ryt) t ic  ac t iv i ty  could be 
accounted  ~ r .  80.6°0 of  the t ryp t i c  ac t iv i ty  was associated with the ammoniun~ 
sulfate  superna tan t ,  3 .5% with the euglobulin prec ip i ta te  and 6.0°:o with the eugh)- 
bulin supe rna tan t .  Fur ther ,  it is seen (Table IV) tha t  in the presence, of e lastase only 
33.(~°b of the avai lable  t ryps in  reacted with the acidic endopept idase .  Two addi t iona l  
prec ip i ta t ions  of the euglobulin against  dist i l led water  l>rodueed a product  which was 
negat ive  for t ryp t i c  ac t iv i ty .  

I)ISCUSSION 

The he te rogene i ty  of crys ta l l ine  "elastase"  and elastase eugh)bulin preparati(,  ns 

• The enzyme precipitates at ptl .I.I, 1 o.oor. 
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has been known for lll~tnv ),'e~tls. , \ l though it has been shown that  these prepara t ions  
contain  pro teoly t ic  ac t iv i ty  in add i t ion  to vlastase el,ca, the p r imary  focus of a t t en t ion  
has been on the elastase moie ty  to the exclusion of the o ther  enzyme(s) present .  

The results  of the present s tudy  have shown (Fig. 2) tha t  nei ther  pure elastasc 
nor pure acidic cndopept idase  can be l~repared from once-prec ip i ta ted  euglobulin 
(l:ig. e..\) or crys ta l l ine  "t'lasta_sc" (Fig. e('). Thesc results  suggest tha t  the source ,~i" 
pancreas  pmvder and also the method (or care) used in lhe  preparali~m of the vuglo- 
lmlin or crysta l l ine  "elastase"  will great ly  influence the outcome ,~t" the puri t icat ion 
tmn'edurc.  For exanaple, the crys ta l l ine  "elastase"  described by I.EWlS cl a[. 2a would 
probal~ly bc sui table  for the s imul taneous  isolation of t ' lastasc and the acidic t.ndo- 
lwptidase,  i.e. on a single I)I']A F. column. 

The protein des ignated as " IV"  in moving I)oundarv vh,ctrol~hort,togran> ,~1 
crvsta l l ine  "elastasc"  bv l .Ewls cl al. "a is p robab ly  the same as the acidic endot)ept idase 
isolated here. These authors ,  however,  did not ascribe any cnzvmat ic  proper t ies  t~, 
their  protein "IX:" ra ther  it was rcl \ ' rred to pr imar i ly  as a "con taminan t "  or " imlmr i ty"  
fimml in crysta l l ine  "clastase" prepara t ions .  The chwtrophoret ic  nl,~l)ilit\' of their  
protein  " IV" was 5 . 3 ' I o  5 (,i-1] "9 317 I.S1.%. I (pH tO) aS compared  to tim value ~,f 

5.q " IO'r  cm'-' V ~ -set" ~ found here for the acidic cndopet}tidasv. This s imi lar i ty  plus 
lhe zone e lect rophoret ic  da ta  presented in Fig. 2 s t rongly  suggest that  thesv con> 
ponents  are the same t'llZVlllP. The only da t a  which speak against  sameness is thv 
finding of IA-wts c! al. 'ca tha t  protein  "IX.'" was insoluble in water.  The acidic endo- 
pept idase  t o  the con t ra ry  is qui te  water  soluble. 

It is also p,~ssible tha t  the acidic endotwpt idase  isolated here is s imilar  or thc 
same as the "esterolm~tcolyt ic  enzyme" described 1} 3 ( ; J  I,'.SF, IN(; AND HARTNI-TT ''1 and 
the enzvme called "chymot ryps in  C" by Ft)I.K AND .<,CIIIRMI.:R as. All three enzvmes 
are acidic in na ture  and are inhibi ted b\ '  I )FP .  The acidic endopept idasc  and chvmo- 
t ryps in  (" are water  soluble while tilt. es te ropro teoly t ic  enzyme is not. Both the estcro- 
pro teoly t ic  enzyme and chym~tryps in  (" exhibi t  an apprec iabh '  ac t iv i ty  t~ward 
atcetvl-L-t \rosine ethyl  ester whereas the acidic endopept idasc  does not ('l'abh~ III) .  
The t 's terotm~teolytic enzx'mt, showed a str, mg hydrol.xtic ac t iv i ty  toward  polyq.-  
g lu tamic  acid and this ac t iv i ty  was shared by chymot ryps in  ('. When the acidic 
endot>eptidase was tested on this subs t ra te  (tool. wt. I75 ooo; Mann), in the p l l  S ta l ,  
under  condit ions used by (;JlCSSlNG AND HAR'I'N1-TT 2'1 (pl l  5.3), gel format ion occurred 
causing an at)preciatfle up take  of base. The \ 'a luc ob ta ined  for the "specific ac t iv i tv"  
approxinaa led  the , 'onstant  ob ta ined  fl)r the es te ropro teo ly t ic  enzxme and chvnlo- 
t rypsin  ('. Thc same result was ob ta ined  with ,,r wi thout  enzyme.  The results were 
negat ive  also when acidic endopept idase  "digests"  (pH 8.o) of poly-I . -glutamic acid 
w e r e  subjccted to lmper ch romatography  on \Vhatnaan 3 MM filter paper  using butanol  
acetic acid w;ttcr (4: i  :5, bv \.'o1.). Other  discrepancies  which exist lwtwecn chvmo- 
t rypsin  (" and the acidic endopept idase  are their  molecular  weights  (tool. wt. chvmo- 
tryp>in (" 23 8oo, ref. 25) and the dependency  of the sed imenta t ion  coefficient of 
the former enzyme upon concentra t ion.  The moh,cular weight of the es te ropro teo ly t ic  
enzvnw repor ted  by M(('ONNI.:I.I. AND (~JI.:SSING ~6 Was 32 800. This value is inorc in 
line with the vahlc ~f 35 3 °o obta ined  for the acidic endopt ' l ) t idast '  ( 'l 'ablc I1). The 
pept idc  lllitps of digests of the A and I{ chains of oxidized insulin produced 1)v chxnu,- 
t rypsin  (-.,7 and the acidic en(hq)t.plidase were found to bc surpr is ingly similar  (l:ig. h}. 
In addi t ion,  palu,r chromat~graphic  separat ion ,,f digests (as al)ove) of the pcpt ides ,  
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l.eu Val and I.eu-Tvr (Nutritional FIiochemicals) showed that the acidic endo- 
peptidase was capable of catalyzing the hydrolysis of these bonds. These results are 
in at'cord with those obtained for chymotrypsin C °'v. In view of the discrepancies be- 
tween the three enzymes outlined above it is possible that the association-dissocation 
of the acidic endopeptidase with elastase during the purification procedure" could 
have resulted in a partial alteration in its specificity. In addition it must be emphasized 
that t h e  methods used in the isolation of the enzymes are drastically different. The 
method described here is based on the ability of the acidic endopeptidase to interact, 
at low ionic strength, with elastase to produce a two-conlpolaent euglobulin. Obviously, 
this is or can be considered to |)e a crystallization step. FOLK AND ~HIRMER 25 w h e n  

comparing chymotrypsin C with the esteroproteolytic enzyme of GJESSlx(; a.Xl) 
HARTNFTT 24 concluded that the latter enzymes might be "different molecular fl)rms 
of the same enzyme". This appears to be a reasonable appraisal and one which a p p e a r s  

to fit the present case. 
thmmgeneity of the acidic endopeptidase preparation has been demonstrated 

by at least two crite.ria, zone electrophoresis in agar gel using two different methods of 
detection (Fig. 2D and 2F,) and the t)roduction of a single peak in the analvtical 
ultracentrifuge (Fig. 3)- The results with acetyl-L-tyrosine ethyl ester, a synthetic 
substrate "spe.cif ic" fl)r chymotrypsin, however, indicated that the acidic endo- 
peptidase preparation could contain as high as 7.5°o of chymotrypsin (Table III). 
The chromatogram in Fig. IA shows a small shoulder (fraction no. Ioo) on the leading 
edge of the acidic endopeptidase peak which is absent in the rechromatographed 
preparation shown in Fig. tB. Chromatography of 2 times crystallized swine chvnm- 
trypsin under the same conditions (Fig. I) produced a major peak whose maximum 
28o m/~ absorbance occurred at fracti,m 06. It is possible, therefore, that the small 
shoulder observed on the leading edge of the acidic endopeptidase peak in Fig. IS\ 
is indeed chymotrypsin but it is considered to be most unlikeh" that this "contami- 
nation" would be, if presen t ,  of the order of 7.5c'i). This premise is strengthened and 
indeed probably eliminated altogether by the absence of im,teolytic activity in the 
a.,-globulin position in Fig. 2I), i.e. in the characteristic position of swine chwno- 
trypsin. In addition, no zone is present at this position in Fig. 2E. 

.Many years have passed since Ll.:wls et al. 7 described the first truly preparative 
method for the separation of elastase from Trypsin 1-3oo. The resulting euglobulin 
-r  crystalline " e l a s t a s e "  were both insoluble in water and until the present writing, 
little if anything was known about the chemistry of the euglobulin. 

It is apparent from the results presented here (Figs. 7-IO) that the formation 
of elastase euglobulin is the result of the low ionic strength association of the basic 
protein elastase and the acidic endopeptidase. Since the reaction was maximal wh(m 
the enzvnles were oppositely charged (Fig. io) and t)ecaiIle minimal as the ionic 
strength increased (Fig. 0), the type of bonding is no doubt electrostatic. Other 
protein pairs have been shown to exhibit similar t>roperties2S, 2'a. 

The equivalence point for the interaction of elastase and the acidic endo- 
t)eptidase gave apl)rox. 4 moles of elastase per mole . f  acidic endopeptidase, l.v.wls 
c t a l .  7 flmnd that crystalline "elastase" contained 8o"i ,  elastase and 20°i, "contami- 

* It is assumed that upon bein R dissolved in buffer, the eu~dobulin is dissociated into the 
elastasc and acidic endopc'ptidase moieties. The possibility that this may not bc entirely the case 
is discussed below. 
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nant"  ()r in the light of the present work, 2o(',) acidic endopeptidase. In a later paper 
I)V ].EWIS ,"l al .  'aa the percentage ,)f acidic endopet)tidase ("c(mtaminant") was re- 
ported t(> 1)e as high as 5o'),, in some preparati(ms. The molar ratio for ,~o:2o and 
5 ° :5o mixtures would be rest)ectively about 5:~ and ~.5:~ using 25 ooo fl)r tit( ) m.1. 
wt. of the clastasC, and 35 3oo (Table II) for the reel. wt. ()f the acidi(: end()t)eI)tidase. 
( 'rvstalline elastase is less soluble in buffers than the euglobulin. This greater insolu- 
bility of the elastase-acidic endot)eptidase complex in crystalline "elastasC' o)uld 1)e 
(lue t() conf()rmational changes brought about 1)v the crystallization fiom ct)ncen- 
trated ammoniun~ sulfate soluti()ns. Under any circumstances, the s()lul)ilitv of 
elastase and acidic endopet)tidase t)rodu('ed from crx'stalline "elastase" (",Vorthing- 
tim), and the "euglobulin" ('(mat)ound formed when water solutions ()f the el]z\.'l]~c 
were mixed was no different fr()m the result ol)taincd when the enzymes were derived 
fr()m the euglt)lmlin. 

The 1)hysi()h)gical impli('ation(s) of the interaction of elastase and the acidic 
endopeptidase, are presently somewhat obscure but may t)e important .  Perhaps a 
we;tk association (.xists even at physioh)gical i(mic strength(s). Alth()ugh sohll)le 
complexes could not be dem(mstrated in the analytical ultracentrifuge direct evi- 
dence in favor of such complexes is embodied in Table IX'. These results showed 
that  only 34"" of the availal)le trypsin in the eugh)bulin pret'ipitate reacted with the 
acidic endt)peptidase. Such an apparent ly  preferential reaction with elastase ctml(l 
be taken t() mean that  soluble c()mplexes exist. Other evidence fl)r soluble c .mplexes 
is the fact that  when the euglobulin is subjected to electroph()resis in agar gel, an 
elongated zone, reminescent of 7(i-globulin, is t)roduced. The fastest migrating 
portion ()f this z()ne possesses a m()bilitv of the order ()f 2.,S. ~o r, cm'-'-volt ~ "st'(" ' 
aS ( ) p p o s e d  t o  o . ! } . I O  5 ( , l l l 2 . v o l t  i . s e ( , - 1  f o r  pUFe e l a s t a s e  1°. 
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