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SUMMARY 

I. F r o m  the  soluble por t ion  of t i le  t r y p t i c  digest  of oxidized d i i sopropyl  [a2p]_ 
phosphory l -de r iva t ive  of a lkal ine prote inase  of A spergillus flavus a rad ioac t ive  frag- 
men t  was isola ted  and  its amino acid composi t ion  de te rmined  to be Asps, Met l, Thr> 
Ser8, Glu4, Proa, Gly v Alag, Val 8, 11%, Leu 8, T y r  2 and  Ph%. 

2. Fou r  rad ioac t ive  pept ides  were isola ted from a pa r t i a l  acid hydro lysa t e  of 
the  s l ight ly  soluble por t ion  of the  t r yp t i c  digest.  These pept ides  provide  evidence of 
the  amino acid  sequence G l y - T h r - S e r  Met Ala  a round  the react ive  serine residue 
of a lkal ine  proteinase.  This amino acid sequence represents  a pa r t  of the  large t r yp t i c  

f ragment .  
3- Similar i t ies  in the  amino acid sequences of ser ine-conta ining act ive centers  

of microbia l  prote inases  are discussed. 

INTRODUCTION 

I t  is known tha t  the  so-called serine p ro teo ly t i c  and  es teroly t ic  enzymes can 
be i nac t iva t ed  b y  the react ion with  d i i sopropylphosphorof luor ida te .  Studies  on these 
d i i sop ropy lphosphory l - (DIP- )de r iva t ives  have es tab l i shed  the amino acid sequence 
a round  the reac t ive  serine residue in a number  of enzymes 1 a. On the o ther  h a n d  only 
a few repor ts  have  been publ ished concerning the act ive centers  of microbia l  prote in-  
ases a 8. In the  previous paper  we repor ted  the  isola t ion and  charac te r iza t ion  of an 
a lkal ine  ex t race l lu la r  pro te inase  from Aspergillus flavus 9. We prov ided  evidence 
showing t ha t  this  pro te inase  is a serine enzyme conta in ing one react ive  serine residue 
which can be inh ib i ted  b y  d i i sopropylphosphorof luor ida te  9. The ainl  of this  paper  is 
to repor t  on the  de te rmina t ion  of the  amino acid sequence a round  this  serine residue. 
The results  ob ta ined  are compared  with  d a t a  known on act ive centers  of o ther  

microbia l  proteinases.  

Abbreviations: DIP-, diisopropylphosphoryl-, DNS-, dimethylaminonaphtalenesulfonyl • 
• Presented at the Synlposium on Proteolytic Enzymes, Uppsala, Sweden, June, 19o7 

and at the 5th Meeting of the Federation of European Biochemical Societies, Prague, July, I968. 
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METHODS 

Tryptic digestion of alkaline proteinase 
[32P]DIP-proteinase was prepared and oxidized by  the method described in 

the preceding paper 9. The lyophilized protein (15o rag) was dissolved in 50 ml of 
water, heated at 37 °, and its pH adjusted to 8. 5 by  I M NaOH in an autotitrator.  
After the addition of 8 mg of i-tosylamido-2-(phenyl)-ethylchloromethyl ketone- 
treated trypsin 1°, the digestion was allowed to proceed for 75 rain. The addition of 
4 mg of trypsin after this period did not lead to additional hydrolysis. Therefore, 
30 rain later the solution was acidified with Io% formic acid to pH 3, when a precipi- 
tate was formed. The latter was washed twice with 5 ml of 0.2 M pyridine formate 
at pH 3. The pooled supernatants contained 40% of radioactivity, while 60% of the 
total  radioactivity was present in the insoluble portion. 

The soluble portion was not concentrated by evaporation but directly applied 
at room temperature to a column of Dowex 5o-X2 in pyridinium form which was 
previously equilibrated with the first buffer. The details are given in the legend to 
Fig. I. The effluents were continuously monitored with the aid of the apparatus of 
TYKVA AND GR/JNBERGER 11 equipped with an activity recorder utilizing the scintil- 
lation of anthracene. From each fraction two aliquots were withdrawn as follows: 
0.2 ml was subjected to radioactivity measurement and 0. 5 ml to paper chromato- 
graphy in System S 1 (n-butanol-acetic acid-pyridine-water,  30:6:20:24, by  vol.) 1~. 
According to the results obtained, identical fractions were pooled (cf. Fig. I) and 
rotary  evaporated. 
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Fig. i. I on -exchange  c h r o m a t o g r a p h y  of  the  soluble por t ion  of  t he  t ryp t i c  digest  and  i ts  eva lua -  
t ion by  paper  c h r o m a t o g r a p h y  and  rad ioac t iv i ty  m e a s u r e m e n t .  Io-ml  f rac t ions  emerg ing  f rom 
a 2 cm × 65 cm co lumn  of  Dowex  5o-X2, 2oo-40o mesh ,  were collected a t  to-ra in  in tervals .  The  
following buffers were used  as e luen t s :  i ,  pyr id ine  fo rma te  (pH 3.o; 0.2 M); 2, pyr id ine  fo rma te  
(pH 3.5; 0.4 M); 3, pyr id ine  ace t a t e  (pH 4.5; 0.8 M); 5, pyr id ine  ace t a t e  (pH 5.o; I M); 6, pyri-  
dine ace ta te ,  (pH 6.0; 2 M); 7, 2 M pyr id ine ;  8, a m i x t u r e  of  2 M pyr id ine  and  2 M a m m o n i a .  
L inear  e lu t ion  g rad ien t s  were applied be tween  f rac t ions  No. 3 ° and  552. a, paper  c h r o m a t o g r a p h y  
of  a l iquo ts  of  f rac t ions  in s y s t e m  S t (n -bu tano l -ace t i c  a c id -py r id ine -wa t e r ,  30 :6 :2o :24 ,  b y  vol.) 
(ref. 12); b, resu l t s  of  r ad ioac t iv i ty  m e a s u r e m e n t .  
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Radioactive material of Peaks B (fraction No. 555-575; Io.9 rag) and C 
(fractions No. 576-584; 7.8 mg) was purified by paper chromatography on Whatman 
No. I paper in System S 2 (phenol-collidine-water, 8:2:I ,  by vol.). The RE-value of 
this material was o. 9. The radioactivity on paper chromatograms and also electro- 
pheretograms was scanned automatically with a Frieseke-Hoepfer methane through- 
flow counter. A part (1/4o) of this material was hydrolyzed in 6 M HC1 at IOO ° for 
I h. The presence of radioactive phosphoserine was revealed with the aid of a standard 
after descending paper electrophoresis la (El) in acetic acid (32 ml/r 1, pH 2.3). An 
analogous method was employed for the proof of phosphoroserine in the insoluble 
portion of the tryptic digest. 

I I  mg of the insoluble portion of the tryptic digest was subjected to partial 
acid hydrolyses in I ml of 6 M HC1 (4 ° min at IOO°). The dry residue of the hydro- 
lysate was fractionated by repeated electrophoresis (El) on Whatman No. I paper. 
Ninhydrin-positive zones were purified further by descending paper electrophoresis 
(E~) in pyridine acetate buffer at pH 3.5 (I nil of pyridine + io ml of acetic acid 
+989 nil of water). The isolated radioactive peptides were designated P~, P2, P3 
and P4. 

The peptides obtained from different hydrolysates were characterized by the 
dimethylaminonaphtalenesulfonyl-(DNS-)method according to GRAY AND HART- 
LEY ~4 and by quantitative aniino acid analysis according to the procedure of 
SPACKMAN, STEIN AND MOOR 16. The amino acid composition of peptides obtained in 
only small amounts was determined either by paper chromatography of their total 
acid hydrolysates in System Sa (ref. 13) (mbutanol acetic acid water, 144:13:43, by 
vol.) or by conversion of the amino acids present in the hydrolysates into their DNS- 
derivatives ~4 and identification of these derivatives by thin-layer chromatography 15. 

RESULTS AND DISCUSSION 

The starting material of [32P ]DIP-proteinase was homogeneous with respect to 
its end groups (N-terminal glycine, C-terminal alanine), and its amino acid compo- 
sition was identical with the published data 9. The enzyme molecule contains one 
residue of methionine which is labile and undergoes spontaneous oxidation. We were 
aware of the possibility of uncontrollable losses during the fractionation of peptides 
by paper chromatography and/or electrophoresis. Therefore we used the oxidized 
form of [a2P!DIP-labeled proteinase, containing the stable methionine sulfone instead 
of methionine. In spite of the fact that the digestion with trypsin was complete and 
did not continue further after addition of new portions of enzyme, it was not specific 
enough. The radioactive fragments had different solubilities. Peptides which were 
very slightly soluble and precipitated after acidification of the hydrolysate contained 
6o(,),,o of the radioactivity, these were recovered by centrifugation and submitted to 
partial acid hydrolysis. The supernatant containing 4o% of radioactivity was directly 
applied to the Dowex 5o-X2 column and chromatographed. The radioactive material 
emerged in three peaks (cf. Fig. I). The first peak (A), which emerged with the front, 
did not contain peptides and was therefore not treated further. The material of the 
remaining two peaks (B and C) showed identical RF-values when chromatographed 
in systems $1 (RE = o) and S~ (RE o.9). The complete acid hydrolysates of Frac- 
tions B and C did not contain basic amino acids. The amino acid composition of these 
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two fractions was identical, and they both contained radioactive phosphoserine and 
methionine sulphone. In our opinion these two fractions are derived from the same 
site of the molecule and differ only slightly, e.g., in their amide content. Peak B 
contained a larger amount of material than Peak C. The total acid hydrolysate of 
peptide isolated from Fraction B was analyzed on the I5o-cm column of the amino 
acid analyzer 16 (Table I). Fractions B and C were also subjected to enzymic digestion, 
but we did not isolate sufficient amounts of homogeneous peptides. In addition to 
these radioactive peptides we obtained a number of other, nonradioactive fragments 
by chromatography of the tryptic digest. The description of the isolation and charac- 
terization of these peptides will not be reported here. 

T A B L E  I 

AMINO ACID COMPOSITION OF ISOLATED RADIOACTIVE PEPTIDES 

Amino acid Radioactive peptides 

B Nearest Pt  Po P3 P,  
integer 

A s p  6 .80  7 
M e t h i o n i n e  s u l f o n e  0 .98  I 1 0 .84  
T h r  4 .97  5 I I.  13 
S e t  7 .60  8 I I.O2 
G l u  4. I I 4 
P r o  2 .88  3 
G l y  7 .23  7 o .14  
A l a  9 .2o  9 1 o .17  
V a l  5 .52  6 
I le  4 .66 5 
L e u  6.31 6 
T y r  1.53 2 
P h e  2 .20  2 

0 .87  
I .OO I 
I . IO  I 

o .23  I 

T o t a l  65 4 3 3 3 
N - t e r m i n a l  a m i n o  

a c i d  G l y  T h r  T h r  G l y  

The portion of the radioactive material which precipitated on acidification of 
the tryptic digest was not homogeneous from the viewpoint of end-group analysis. 
The total acid hydrolysate of this material contained radioactive phosphoserine and 
methionine sulphone. Since EszPlDIP-proteinase contains only one residue of methio- 
nine and only one reactive serine residue (cf. ref. 9), it is obvious that this almost 
insoluble portion of radioactive material is derived from the same site of the molecule 
as Fractions B and C. Therefore this material was not fractionated but directly 
submitted to partial acid hydrolysis and thus solubilized. Four homogeneous radio- 
active peptides, P1, P2, P3 and P4 (Table I) were isolated from the hydrolysate. From 
a combination of the results of the amino acid analyses of these peptides the amino 
acid sequence around the reactive serine residue in the active center of oxidized 
[32PlDIP-proteinase can be deduced as follows (S& = E3~P]phosphoryl serine or 
monoisopropyl I32P~phosphoryl serine) : 
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Pt Thr (S~r, MetSO v Ala) 
P= Thr (S~r, MetSO=) 
P8 (Thr, S~r, MetSO2) 
P4 Gly(Thr, S~r) 

Gly-Thr-S~r-MetSO2-Ala 

MetSO 2 methionine sulphone. 

The difference in mobility of Peptides P2 and P3 may be explained by partial 
deisopropylation of DIP-serine. I t  is likely that  this sequence in the alkaline protein- 
ase of A. flavus is preceded by  an asparagine residue and that  at the carboxyl side 
of the sequence is glutamine. The corresponding peptides, however, have not been 
obtained in a pure state, and therefore we consider the extended sequence Asn-Gly-  
Thr -S&-Met-Ala-Gln  merely as a working hypothesis which should be verified by 
future sequence studies. From the above discussion it becomes obvious that  this 
active center constitutes a part  of the large fragment isolated from the soluble portion 
of the tryptic digest. I f  this fragment (which does not contain basic amino acids) 
were a specific tryptic peptide, it should be derived from the C-terminus of the 
molecule. 

The finding that  methionine, a very reactive amino acid, is adjacent to the 
reactive serine in the active center is worthy of special note, since it is likely that  
experiments with the modification of this methionine residue could throw more light 
on the functioning of the active center. The amino acid sequence in the active center 
as proposed by us is in accordance with the amino acid sequence Thr-S&-Met-Ala  
proposed by SHAW to exist in the proteinase of A. oryzae. (The unpublished work of 
D. C. SHAW was mentioned by SANC.ER3.) Tiffs identity of active centers together 
with the similarity of amino acid composition seems to suggest a similarity if not 
identity of aspergillopeptidase B and alkaline proteinase of A. flavus (see DISCUSSION 

in paperg). The amino acid sequence reported by us is identical with the amino acid 
sequence of the active center of subtilisin (Table II) even though Bacillus subtilis 
and A. flavus are genetically far apart.  We nmst mention here the paper of SHAW 
AND WELLS 17. These authors found that  caseinase from French beans has the same 

TABLE 11 

C O M P A R I S O N  O F  A C T I V E  C E N T E R  OF A L K A L I N E  P R O T E I N A S E  O F  A. ]~aVl~S W I T H  K N O W N  S P ; R I N E -  

C O N T A I N I N G  A C T I V E  C E N T E R S  O F  M I C R O B I A L  P R O T E I N A S E S  

The reactive serine residue is marked by an asterisk. 

Pro te inase  Origin  R @  No.  Ac t i ve  center 

Alkaline proteinase A ,  f l avus  This paper 

'Mold protease'  A. oryzae 3 

Subtilisin B.  subt i l i s  4 

Bacteriolytic Protease Sorangium sp. 5, 6 

Pronase Slrep tomyces  griseus 7 

Protease Arthrobacter  8 

Gly-Thr-S~r  -Met--A!a 

Thr-S~r Met-Ala  

Asn-Gly-Thr  S~r Met Ala 

Asp S~'r Gly (;ly 

Asp -Ser Gly 

Ser Ser (,ly 

B i o c h i m .  B i o p h y s .  A cta, 1 7 8 (tgOq) ~ t 2 - t  r 7 
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active center, Thr -S6r -Met -Ala .  The remaining three microbial  proteinases listed in 
Table n show other amino acid sequences of their active centers. The proteinase of 
SorangiumS, 8 and  pronase ~ are obviously of the t ryps in -chymot ryps in  type, while 
the proteinase from Arthrobacter  s differs from all the others. Very interest ing 
informat ion can be expected to result from a comparison of the active center of 
alkaline proteinase of A .  f lavus  with those of the other proteinases from Aspergilli 
when the necessary data  become available. 
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