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Proteolytic activity at neutral pH can be demonstrated in extracts from beef spleen. This activity is completely due to 
an aminopeptidase - or a number of aminopeptidases - which is able to hydrolyse proteins completely to amino acids. 
No evidence was found for the presence of endopeptidases active at neutral pH. The enzyme resembles to some extent 
swine kidney aminopeptidases. 

Intracellular animal proteases active at acid pH 
have been extensively studied (for a review see refs. 
[ 1,2] ), and these studies have led to the identifica- 
tion, separation and at least partial characterization 
of a number of enzymes involved. Proteolytic acti- 
vity at neutral pH in animal tissue extracts, on the 
other hand, has often been mentioned, but reports 
on the isolation, separation or characterization of 
the enzymes are scarce ([3-8] , and others). This is 
partly due to the much higher activities at acid pH 

values, but also to the rather elusive nature of the 
enzyme(s) assumed to be active at neutral pH. We 
directed our studies to the proteolytic activity possi- 
bly present in beef spleen, and especially to the pro- 
blem of the existence of an endopeptidase active at 
neutral or slightly alkaline pH values. For the detec- 
tion of this activity the traditional Kunitz method 
[9] using the absorbancy increase at 280 nm with 
casein as substrate, is hazardous [lo]. We, therefore, 
used more sensitive and specific methods, viz. the 
Folin-reagent [ 11,121 and the ninhydrin method 

1131. 
By both methods we were able to demonstrate 

proteolytic activity at neutral pH in spleen ex- 
tracts. A comparison of the actual values obtained 
with both methods suggested that exopeptidase ac- 
tivity is predominant. Addition of proteins to the ex- 
tracts did not increase the activity indicating that 
the enzyme(s) is (are) still saturated with endogenous 
substrate(s). 

The activity could be optimally extracted in the fol- 
lowing way: ground spleen is homogenized at pH 5, 
and the proteins soluble at this pH are extracted. 
The proteolytic activity is then extracted at pH 8 
from the pH 5 sediment. Dialysis leads to a prepara- 
tion which withstands freezing and can be stored at 
least for several months at -2OO. This activity still 
containing the endogenous substrate has a pH opti- 
mum at 7.6 at 55O (optimum temperature; 60 min in- 
cubation) and 38O (fig. 1). The reaction products 
appeared to be mainly amino acids (Lys, Ala, Val, 
Leu, Gly, Thr, Arg, Ser, Glu, Phe, Tyr, Pro and Asp), 
but the presence of minor amounts of peptides could 
not be excluded. 

We tried several different separation methods in 
order to obtain a substrate-free enzyme preparation, 
but without success. Gel-filtration chromatography 
on agarose (Sepharose 4B, Pharmacia, Uppsala, 
Sweden) showed that the enzyme and substrate 
migrate together in a high-molecular fraction with a 
molecular weight of one million or more as calcu- 
lated from the elution of several hemocyanins. Pro- 
bably, complexing of the enzyme(s) with other com- 
ponents, including its substrate, occurs. 

A clear-cut separation of enzyme and substrate 
could, however, be achieved by exhaustive digestion 
of the substrate at 45O in a dialysis tube by which 
method inhibitory products appear to be removed. 
The enzyme obtained in this way is only active 
when substrates are added and the original activity 
can be nearly completely restored by adding boiled 

69 



FEBS LETTERS July 1968 

Fig. 1: Autolysis as a function of the PH. The increase in 

ninhydrin positive material (ti570) after 60 min incuba- 
tion is plotted against the pH of the incubation mixture. n at 

55O; o at 3S”. The enzyme extract as described in the Ex- 

2 3 4 5 6 7 a 9 10 11 12 perimental Part was diluted with an equal volume of Verona1 

pH buffer and the pH adjusted by addition of hydrochloric acid. 

Table 1 

Action on amino acid amides and peptides. For details see Experimental Part. Used abbreviations: AC = acetyl; Be = benzyl; Bz = 

benzoyl; Cbz = carbobenzoxy; Et = ethyl; Me = methyl; NA = nitroanilide; Tosyl = toluenesulfonyl. The symbols jj, 1, j, indicate 
rapid, medium and slow splitting, respectively. 

AMINO ACID AMIDES DIPEPTI D E S 

SpLIT: SPLIT, NOT 

Alaffamldc 

Aspdiamide 

Gly-amide 

Hiramlde 

Lcu+amidr 

LeusIf naphtylamide 

Met+ amide 

Rwf amide 

*r-amide 

D-Srr-amide 

Trp+ amide 

N-Ac-Tyr-amide 

N-AC-Tyr-OU 

Val+ amide 

Bz-Arq-amide 

Bz-Arg-OEl 

Bz-Arq-pNA 

Bz- Phe-OMc 

SPLIT: 

Gin + Asn 

Glu+-Ph. 

SPLIT: NOT 

CkGlu-Ph. 
Cbz-Glu-Tyr 

Cbz-Gly-Glu-OBc 

Gly-Gly 

Gly+ Leu 

Giy- Gly-OMC 

Gly-D-Leu 

Gly $ Phc Gly-D-Phr 

Cbz-Gly-Pin 

Gly+ Phe+ amide 

Gly+ Ru~(N-Mcj-amide 

WY + phe+ PNA 

Gly + Trp 

6ly + Tyr 

Gly 9 Tyr + amide 

His+ Lyr 

La+ Glu 

Leu#-Glu -diamide 

Lcu+Gly D-Lcu-Gly 

Le”+ Me+ amide 

Leuf Ftlc La-D-Phe 

LeuCTrp 

Leu + Tyr 

N&%yl-Lys-Gly-CEI 

LY4 LF 

Pi&Arg 
Pro - Phe 

ProtTyr Cbz- Pro-Tyr 

Proff Tyr + anlde 
Cbz-Scr-Gly-amide 

Val-Gly 

TRI--. TETRA-. PENTAPEPTIDES 

SpLIT: NOT SPLIT: 

Gly$Gly-Gly 

Gly+ Lcu+Gly 

G4y + Phc-Glu 

Gly +f Phc+Glu - diamide 

Gly + Phe+GIy 

Gly + Phe+Phc 

Gly + Phe- D-Phc 

Gly it PlwBPk- amide 

Lar.&Gly-Gly 

Pro+ TyrfGly Cbz-Ro -Tyr-Gly 

Pro* Tyrt Gly- amldc 

‘/al+ Tyr- Pro 

G4y+ PhcQGly-D-Phc 

ProI Phe+Gly $ Lyr 

ProU Tyr+Gly - &a+?) OMe 

cbz-Pro-Tyr-Gly-Gly-Ok4 

Pro+ Tyr+ Giy- Pro 

hj+ Tyr+Gly+Tyr 

Val 8 Ly+‘al +Tyr - Pro 
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extract which apparently contains saturating amounts inhibit, the inhibition increasing with increasing 

of substrate. chain length. 
The substrate-free enzyme preparation was now 

used to study the specificity and several other pro- 
perties of the enzyme. The enzyme is, as will be fully 
reported later, stable for one hour between pH 4 and 
11 at 4O and is inhibited by several metal ions (Ni++, 
Zn++ , Cd++, Hg*, Pb++ and Co++). Mg++, Mn++ 

and EDTA have no effect on the enzyme; alcohols 

Table 1 shows the action of the enzyme on a num- 
ber of amino acid amides, peptides and peptide deri- 
vatives. It is clear that the enzyme is an aminopepti- 
dase with a rather broad specificity, and absolutely 
requires that both amino acids forming the hydroly- 
sable bond should have the L-configuration. Polar 
side chains (Aspdiamide, Ser-amide) or a free carbo- 

Fig. 2: Time course of ACTH hydrolysis. 2.5 mg ACTH (kindly provided by N.V. Organon, Oss, The Netherlands) were dissolved 
in 0.25 ml Veronal buffer pH 7.6 and mixed with 0.25 ml enzyme preparation. At the times indicated, 50 ~1 samples were subjec- 
ted to paper chromatography. For the enzyme preparation and chromatography see Experimental Part. RI, R2, Rj are reference 

amino acids or amino acid mixtures; CA = no enzyme added; CE = no ACTH added. 
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xyl group on the second amino acid (Gly-Phe-amide 
versus Gly-Phe, Gly-Tyr-amide versus Gly-Tyr, Leu- 
Glu-diamide versus Leu-Glu) decrease the rate of 
hydrolysis considerably. In these respects the en- 
zyme resembles pig kidney leucinaminopeptidase 

[141. 

Waley and Watson [ 171 showed lysine as the only 
product, thus excluding the presence of an endopep- 
tidase in our preparation. 

In other respects, it is however different. Neither 

Mn++ nor Mg++ have any effect while the pH acti- 
vity curve is rather different and resembles more 
that of another aminopeptidase from swine kidney 
[ 151. The existence of a leucinamide splitting pepti- 
dase in spleen has already been shown by Fruton et 

al. [16]. 

The enzyme was active against all proteins tested, 
whether native or denaturated (hemoglobin, bovine 
serum albumin, casein, oxidized ribonuclease, insulin- 
B chain, glucagon). In order to decide whether it can 
lead to the complete sequential split of a protein, 0 
corticotropin (ACTH) [ 181 was used as a substrate 
and the products studied at several time intervals 
(fig. 2) and after exhaustive splitting (fig. 3). It is ob- 
vious from these figures that this molecule is com- 
pletely split to amino acids by our preparation. 

Polylysine is attacked by our preparation. Chro- Our results show clearly that spleen contains an 

matographic analysis of the products according to enzyme, or a number of enzymes, able to split pro- 

l l - 

+ 

Fig. 3. Analysis of ACTH degradation products. ACTH and the enzyme preparation were incubated for 48 hours as described in 
the legend to fig. 2. 10 ~1 of the reaction mixture at 0 h (C) and 48 h (B) were subjected to paper electrophoresis: Gilson Medical 
Electronics electrophorator; 6% formic acid pH 1.86, 3 h, 4000 V, 125 - 150 mA, paper dimensions 25 - 130 cm. The spots 
were stained according to [ 191 and scanned by means of a Beckman RB Analytrol at 550 nm. For comparison, an acid hydroly- 

sate of ACTH (6 N HCl, 72 h; 11 lo) was used (A). 
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teins to amino acids unspecifically and completely 
from the N-terminal. This makes the assumption of 
endopeptidases active at neutral pH, for which we 
obtained no evidence whatsoever, unnecessary. Intra- 
cellular protein breakdown at neutral pH proceeds 
- at least in beef spleen, but probably in other animal 
tissues as well - in a different way from the extra- 
cellular protein breakdown in the digestive tract, 
and the intracellular proteolysis at acid pH values. 

sources (Fluka, Hoffmann-La Roche, Mann Research Lab., 
Yeda); others were prepared by Miss Jeanette Gorter in our 
laboratory to whom we are greatly indebted. 

We wish to express our gratitude to Miss J.G.Wold- 
ringh for skillful assistance and to Mr.W.J.Sluiter for 
his help in some parts of this work. 
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