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SUMM g.RY 

A proteolytlc enzyme from culture fluids of Aspergdlus orvzae x~as purified by 
a multlstep procedure including carrier-free electrophoresls and DEAE-Sephadex 
chromatography I t  was a homogenous protein, ludglng from results obtained by disc 
electrophoresis, lmmunoelectrophoresls and end-group determination 

The enzyme hydrolysed native collagen at a slow rate Electron microscopic 
investigations of the digest revealed tnple-hehcal fragments remaining aftei degrada- 
tion of the collagen molecule at Its N-terminal end The results thus contribute to a 
current discussion on collagenolysls by proteolytic enzymes other than specific 
collagenases 

INTRODUCTION 

A striking property of a highly purified proteolytlc enzyme from culture filtrates 
of Asperg~llus orvzae was described in previous publications1, ~ Even though its action 
towards peptlde and protein substrates was rather unspecific, this enzyme was also 
able to h?edrolyse native collagen and certain model peptldes of collagenhke structure 
This finding was rather unexpected since collagen and related model substrates were 
believed for a long time to be digested only by a special class of proteases colla- 
genases - -  which are characterized by very restricted speclficitms (for revle~b on 
bacterial and animal collagenases, respectively, see refa 3 5) However, slo~ break- 
down of the triple-helical body of dissolved native collagen was also observed with 
trypsin and even with crude neutral proteases of poor specificity such ab pronase ~ 0 
(see ref 5) Thus, we felt our earlier results might be of relevance to a common 
concept of collagen breakdown 

The present paper describes an improved procedure for purification of the 
asperglllopeptidase which we termed aspergillopeptldase C formerly 2, evidence for 
homogeneity of the preparation and electron-microscopic investigations of collagen 
digests obtained x~ith this enzyme 
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M~TERIALS AND METHODS 

Enzyme purzficat,on 
Concentrated culture flmds of A oryzae ("Lultase",  Lultpoldwerk, Munchen) 

were ultrafiltrated in the cold room using the apparatus Type SM 16 218 of Sar torms-  
Membranfilter, Gottmgen, and a filter No SM 12 136 The solution thus obtained was 
centrifuged for 3 ° mm at 4 ° and 27 ooo × g before being fractlonated by carrier-free 
electrophoresls (model VAP-I ,  Bender and Hobeln, Munchen) The procedure used 
was essentially the same as described in detail previously 2, but  Trls-acetate buffer 
was used for the separation (buffer in the separation unit 3 5 g Tns per 1, electrode 
buffer 14 g Tns per 1, both adlusted with glacial acetic acid to pH 6 o) Proteolytm 
activity was monitored by hemoglobin digestion and Fractions 35-41 were pooled 
accordingly 

Pooled fractions (approx 500 ml) were mixed with 60% (v/v) acetone (for 
procedure, see ref 2) The precipitate collected by eentrmfugatxon was dissolved m 4 ml 
o 02 M sodium phosphate buffer, pH 6 o, and apphed to a DEAE-Sephadex A-5o 
column (2 5 cm × 80 cm) that  was cooled by running tap water The ion exchange 
material was swollen, washed, freed from fines and equlhbrated as described by the 
manufacturers (Pharmacla, Uppsala, Sweden) Elutlon was performed with the buffer 
mentioned above from bot tom to top at a rate of 15 ml/h Fractions of 5 ml were 
collected The fractions constituting the left hand peak of Fig I were pooled (60 ml) 
and the enzyme was precipitated with acetone and collected as above 

The following analytical methods were used during purification of the enzyme 
and to ascertam its homogeneity Proteolytlc activity was measured according to 
ANSON 1° and protein concentration by the procedure of LOWRY et al u as lndmated 
earlier e The cleavage of model peptldes was followed by the method of GR~SSMAN~ 
AND NORDWlG 12 or by thm-layer chromatography (cf ref 2) Endgroup determma- 
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Fig I Pur l f ica t ton  of asperg l l lopept ldase  C b)  D E A E - S e p h a d e x  c h r o m a t o g r a p h y  For  e x p e n -  
mei~tal c o n d m o n s ,  see t e x t  A m o u n t  of  p r o t e m  apphed ,  25 mg  O - - Q ,  abso rbance  a t  280 n m ,  
~,--LD, e n z y m e  actlx l ty  (Anson  assay)  
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tlons were performed by the dansyl method of GRAY a~ND HARTLEY la Disc electro- 
phoresls (in a I5°~ gel) and immunoelectrophoresis were performed as already 
described 2 Dlalysed crude culture fluids of.4 oryzae, precipitated with acetone and 
lyophlhzed subsequently, were used for preparation of rabbit antiserum 

For lsoelectric focusing 14,15 of pure enzyme (IO rag), a I°o (x~/~) solution of 
Amphohne (LKB, Bromma, Sueden), uas  used to hll the separation column (LKB, 
type 8roI) The procedure proposed by LKB {leaflet I-8ioo-Toi) was closely followed 
{temperature, 5 °) At least ( 5 h x~ere necessary to reach equilibrium at a voltage of 
3oo V Absorption at 28o nm, proteol'~tic activIt} and pH were determined m 3-ml 
fractmns after separation 

Envymatzc treatment of collagen 
Acid-soluble calf skin collagen was prepared according to a procedure described 

in detail by yon DER MARCK et al 16 A o 25°o (w/v) solution of calf skin collagen x~ as 
treated xx lth the pure Asperglllus protease (enzyme-substrate ratio, I io) In a o 05 M 
Trls HC1 buffer, pH 7 o, containing o o5 M CaC12 H3drolysis at 30: was follox;ed by 
a decrease of optical rotation (see ref 2) The mixture resulting after an incubation 
of IO h was fractionated with (NH4)aSO 4 (ii°,o saturation) The supernatant ~as 
treated with ATP to prepare "segment long spacing" crystalhtes for electron micro- 
scopic observation (see, e g ref 17) Disc electrophoretIc investigations on unffac- 
tionated enzymatic digests or fractions obtained ~ith (NH4)2SO 4 fractlonatlon x~ ere 
carried out in 7 5°0 gels according to REIaFELD el al 18 

Incubation of calf skin collagen with highly purIhed collagenase from Clostr> 
dzum h~stolvtzcum (Worthington, Freehold, N J ,  U S A)  at an enzyme substrate 
ratio of I IOOO was performed and followed as abox e 

RESULTS 

Purfflcatwn, homogeneity and properties of aapergdlopeptzdase 
The results of the modified purification procedure are shown In Table 1 With 

respect to protein and activity yields as ~ell as to the purity, achieved, the present 
scheme is ver~ similar to our previous one ~ It IS, howex er, superior in terms of separ- 
able amounts and of reproduclblhty since the material resulting from the most effec- 
tive step, carrier-free electrophoresls, 1~ further separated b~ column chromatography 
(Fig i) Fractlonatlon w;th acetone alone 2 turned out to be less rehable Further, 
dlalvsl~ of the starting materiaP to remove low molecular weight substances and the 
bulk of pigments was problematic due to the presence of cellulases Ultrafiltration at 
this ~tage is, therefore, a considerable improvement 

Disc electrophoretlc investigations indicated a single protein component, in 
agreement with previously reported results 2 Irnmunoelectrophoresls, using crude and 
purified enzyme as antigens (Fig 2), also sho~ed a single sharp band N-terminal 
analysis revealed alanine as the onl~ endgroup, and not even traces of impurities 
could be detected by the sensitive dans~l procedure To judge from these criteria, 
our preparation can be regarded as a pure substance Th> conclusion was ~upported 
by lsoelectnc focusing of the protease after the ~econd acetone treatment Only one 
protein component was detected The isoelectnc point of asperglllopeptldase C thus 
determined was p I  = 5 91 
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T A B L E  I 

PURIFICa~TION OF ASPERGILLOPEPTIDASE C 

F~actzon I ol P~otezn P~otezn Actzvtty dctzvzty Purqzcahon 
(ml) (total) yzeld (total) yz(ld factor 

(rag) (°o) (un~t~*) (%) (-fold) 

C r u d e  i o o  
\ f t ~ r  u l t r a f i l t r a t m n  i o o  

C a l n e r - f r e e  e l e c t r o p h o r e ~ l s * *  5oo  
P r e c i p i t a t e  o b t a i n e d  ~ t h  

a c e t o n e  (6o %)  4 
D t t A E - b e p h a d e x  c h r o m a t o -  

g r a p h y * * *  Oo 
P r e c i p i t a t e  o b t a i n e d  ~ l t h  

a c e t o n e  ( 0 0 % )  2 

14 0 0 o  (IOO) 66  0 0 0  ( IO0)  (I)  
3 44 ° 23 5 26 800  t i  i 7 

66  o 45 5 700  S 7 19 

25 o 17 2 boo  ~ 2 27 

14 o t 2 300  3 5 36 

I I o o8  I 9 0 0  2 9 ~8 

* B y  d e t l n l t l o n ,  o n e  e n z y m e  u m t  p r o d u c e s  a n  a b s o r p t i o n  o f  o i m t h e  A n i o n  a s i a ?  (~ee r e l  2) 
** P o o l e d  f r a c t m n s  as  i n d i c a t e d  m M ~.TERI ~.LS ~ND METHODS 

*'* P o o l e d  f r a c t m n a  a s  i n d i c a t e d  m FI~ i 

F i g  2 I m l n u n o e l e c t r o p h o r e s l s  o f  p u r e  a s p e r g l l l o p e p t l d a s e  t ( lo,~er p a r t )  a n d  o f  a c r u d e  e n z v m e  
f r a c t i o n  ( u p p e r  p a r t )  T h e  l a t t e r  w a s  a l so  u s e d  f o r  t h e  p r e p a r a t i o n  o f  r a b b i t  a n t i s e r u m  

Lyophyhsat~on of pure enzyme produces at least three fragments, as found by 
disc electrophoresls and lmmunoelectrophoresls The specific activity is decreased 
by 4o% On the contrary, storage of asperglllopeptldase C in the frozen state (-- 2o °, 
2 mg protein per ml distilled water) for at least 12 months neither affects its specific 
actlvaty nor the molecular state of the enzyme 

Pure enzyme ~ as rea&ly capable of cleaving the synthetic hexapeptade, benzyl- 
oxycarbonyl-Gly-Pro-Gly-Gly-Pro-Ala to benzyloxycarbonyl-Gly-Pro-Gly and 
Gly-Pro-Ala Thus, previously reported results 1,~ could be verified The digestion by 
asperglllopeptldase C of oxldlsed B-chain from lnsuhn as followed by endgroup 
analysis, and further properties are reported m a separate paper 19 

Actzon of aspergzllopeptzdase C on collagen 
Slow decrease of specific optical rotation was observed upon mcubatmn of 

collagen solutions with the Asperglllus enzyme (Fig 3) Enzyme-free controls lndl- 

Brochure B~ophys .4cta, 25 ° ( I971)  4o~4-415 
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Fig  3 D e g r a d a t m n  of ca l f  skin collagen by  asperg l l lopep t ldase  (_ ( e n z y m e - s u b s t r a t e  ra tm,  i IO 
Q - - Q )  and  bac te r i a l  col lagenase  (enzyme subs t r a t e  ra tm,  i iooo © - - ~ )  I n c u b a t m n  medn lm 
T n s  buffer-CaC12, p H  7 o ~[emperature,  3o ~ • - -  - -  - -  • ,  control  m c u b a t l o n  

cated the smtablhty  of the experimental conditions used which guarantee the native 
state of the substrate and, concomitantly, reasonable reaction rates The Tm value 
(midpoint denat uratlon temperature) of calf s k i  collagen under the conditions apphed 
is 30 ° Disc electrophoretlc mvestlgatlons of the digest after varsing incubation 
periods showed very complex mixtures of degradation products Fraetlonatlon with 
(NHa)2504 wab only partially successful (bhg 4) Likewise, molecular fragments of 
different length were seen as "segment long spacmg" in the electron microscope when 
digests were fractionated with (NHa)~SO4 The "segment long spacing" shown in 
Fig 5 qerves only as an example I t  should be emphasized that  in our experlmentb 
only fragments could be detected winch were proteolytlcally at tacked at the N- 
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Fig  4 Disc e lec t rophore tm analysJs of ca l f  s k i  col lagen before (a) and  af ter  i ncuba t i on  (b) w l t h  
a spe rg l l lopep t ldase  C ior  IO h (see Fig  3) The disc p a t t e r n s  of p rec lp l t a t e s  o b t a m e d  b y  (NHa)2bO a 
f rac t lona tzon  a t  8, IO, 12, 14 and 16°o s a t u r a t m n  are s h o ~ n  in c -g  

Bzochzm B~ophys Acta, 25o (1971) to8-415 



NONSPECIFIC COLLAGENOLYT1C ACTION 413 

L. 

Fig 5 "Segment long spacmg" crvstalhtes of collagen molecules (lower part) and collagen mole- 
cule fragments obtamed by t rea tment  with aspergfllopeptldase C (upper part) Positive s tammg 
~ l th  phosphotungstm acid and uranylacetate  N,N-termlnus of the collagen molecule C,C-ter- 
nnnus Length of the original molecule as r a d i a t e d  by the arrows, 3ooo A 

terminus of the molecule whereas the C-terminal end appeared to be resistant Our 
results are thus slightly different from those obtained with clostrldial collagenase, 
which removes about IO% of the total molecule length from the C-termmus and which 
produces only few molecule fragments of well-defined length 17,2° 

Partially purified enzyme (purification factor 27, see Table I) was also used for 
these types of experiments with practically identical results 

DISCUSSION 

Direct evidence is presented in the present paper for hydrolysis of the trlple- 
hehcal structure of collagen by asperglllopeptldase C Even though, we do not consider 
the mold protease a collagenase Two major parameters of its action, ~ e the specificity 
requirements and the rate of attacking collagen, are markedly different from those of 
specific collagenases 

Asperglllopeptldase C is a protease of rather poor specificity, digesting proteins 
such as hemoglobin, casein, serum albumin and others, as well as a variety of peptlde 
bonds in polypeptlde substrates, e g insuhn or glucagon2,19 This property,  combined 
with the lnablhty to cleave amino acid peptlde bondsL2, accounts for casual and, 
therefore, slow cleax age of sequences frequently occurring in collagen, ~ Gly-Pro  
R ~ GI} -P ro -R  ~, at the sites indicated (R represents amino acid residues) In contrast, 
collagenase from Cl h~stolyt~cum (clostrldlopeptldase A, EC 3 4 4 ic)) hydrolyses 
exclusively these types of sequences, including bonds with prohne or hydroxyprohne 
in position R 

These narrow specificity requirements, unique in protease chemistry but met 
by a likewise unique pr imary structure of collagen, are reflected by reaction rates 
which are faster by orders of magnitude as compared with nonspecifie proteases 
Under identical conditions of mcubation, pure collagenase cleaves native collagen at 
a rate 250 times faster than pure aspergillopeptidase (Fig 3) As already reported ~, 
the respective factor for the hydrolysis of the model peptlde, benzyloxycarbonyl- 
Gly-Pro-Gly-Gly-Pro-Ala ,  is 800 

B,och,m B~ophys Acta, 250 (I97I) 4o8-415 
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I t  should  be ment ioned  t ha t  collagenases from animal  sources also exhib i t  an 
ex t r eme ly  ~pec~fic mode ot a t t ack ing  collagen ( though different  from clostridxo- 
pep t idase  A, see refs 4 and 5), and  there  are good reasons to assume tha t  the corre- 
sponding react ion rate~ are al~o ~ ery  high 

Therefore,  we suggest  5 the  react ion ra tes  for the  d~gestion ol na t ive  collagen 
be used to different iate ,  if neces~ar3, betx~een ~peclfiC and nonspeclfiC col lagenolyt lc  
enzymes,  since there  are no sui table  methods  cur ren t ly  avai lable  for measur ing  the 
b inding conbtants  of macromolecu la r  subs t ra tes  

The quest ion arises as to how nonspeclfiC proteolysls  of the  na t ive  collagen 
molecule  ib possible at  all In  this  context ,  one has to consider  the  in t e rp re t a t ion  of 
KUHN AND EGCL 9 e0 expla in ing the exopept ldase- l lke  act ion of c lostr ldlal  collagenase 
and o ther  proteases  The~e au thors  suggested tha t ,  m a t e mpe ra tu r e -de pe nde n t  reac- 
tion, slow cont inuous  unfolding at  the  end~ of  the  t r iple-hel ical  molecule ~ ould expose 
short  regions to p ro teo ly t lc  a t t a c k  In o ther  ~ordb,  special feature~ of the  collagen 
t r ip le-hehx appear  to p l ay  a decisive role Our  findlng~ are entlrelx (ompa t ib l e  ~ l t h  
these ldea~ One consequence of the  above  h 3pot l Ies~,  qow degrada t ion  of na t ive  
collagen by  otherwise qui te  unspecific protea~es in a manner  resembling the act ion of 
exopept idases ,  could be verified by  our results  One ~s led to assume tha t  nonspecific 
collagenol 3tlc ac t i v i t y  i~ not  a t  all a rare ex ent  P r e h m l n a r y  results  ob ta ined  u lth 
proteases  from Bacdhts subtdts and Bacdhts pum~hts (FABIAN AND NORDWIG, un-  
publibhed) appea r  to favour  this  assumpt ion  

The relevance of nonbpeclfic col lagenolyt lc  actlx i t \  to t~ vwo processes is a v e r  3 
open quest ion But there  can be no doub t  t ha t  b r eakdou  n of collagen, ~ t i e the r  soluble 
or insoluble,  in an imal  orgam~m~ is m l t m t e d  b 5 a speciiac enz\  me, collagenaaea, ~ 
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