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Summary -React ion  of Pronase t ryps in  with acet ic anhydride ylelded a homo- 
geneous, act ive,  and stable der i va t i ve .  This was achieved by including 
glycerol in the acety la t ion reaction as previously described. Acety lat lon 
resulted in no change in K m and only a moderate decrease in Vma x with 
N~-benzoyl-L-argin ine-~-nl t roani l ide as substrate. As with bovine t ryps in  
the slngle amino termlnal residue was not acetylated. This is in contrast 
to the other homologous mamma l lan and microbial enzymes where complete 
acety la t lon of amino terminal residues is noted. Thus, a close conforma- 
t ional  homology is suggested around the amino-termini of the microbial and 
mammalian t ryps ins.  

The pu r i f i ca t i on  of Pronase t rypsin has been described (1-6) wi th 

sequence studies demonstrating marked homology with mammalian trypsin (7). 

The mammalian enzymes of the chymotrypsin fami ly are characterized by an 

ion-pair  formed by the B-carboxyl group of the aspartyl  residue adjacent 

to the reactive serine and the s-amino group of  e i ther  isoleucine or val ine 

( 8 - I I ) ,  This bond is formed a f te r  ac t i va t ion  of the zymogens when l imi ted 

t r y p t i c  hydrolysis generates the above new amino terminal residues (8,12). 

The ef fect  of acety la t ion of the mammalian enzymes on the i r  a c t i v i t y  has been 

studied extensively since acety la t ion of the a-amino groups would change the 

nature of the ion pair  bond (8,13,14). Because Pronase t ryps in and two 

associated smaller components which are homologous with bovine chymotrypsin 

have both the spec i f i c  aspartyl  residue next to the react ive serine and also 

e i ther  amino terminal isoleucine or va i ine,  the i r  reaction with acet ic anhy- 

dride has been of some interest  to us. An e a r l i e r  report described the 

reaction of the two smaller enzymes (15,16); we now describe the resul ts 

achieved after acety la t ion of Pronase t ryps in .  

I .  Paper Vl l  in the ser ies,  "The Proteo ly t ic  Enzymes of the K-I Strain of 
Streptomyces ~ O b t a i n e d  from a Commercia] Preparation (Pronase)'=; paper 
Vl i s  reference 26= Supported by U.S. Public Health Service Grants NIH-AM- 
09001, NIH-AM-05472, and NIH-GM-02011. 

Copyright © 1974 by Academic Press, Inc. 
All rights of reproduction in any/orm reserved. 

527 



Vol. 59, No. 2,1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Expe r imental p,,rocedures 

Streptomyces qriseus t ryps in  was pu r i f i ed  as before ( i ,6 )  from commercial 

Pronase (lot numbers 900053, 000130 and 101185) obtained from Calbiochem. 

DFP was obtained from Amersham-SearIe Corporation. The activit ies against 

Bz-Arg-OEt 2 and Bz-Arg-NHNp were determined by previously described techniques 

(1,6). Bz-Arg-NHNp was obtained from Protein Research Foundation, Osaka, 

Japan. L-Valyl-L-valine was obtained from Fox Chemical Co. 

The reaction of Pronase trypsin with acetic anhydride, the chromatography 

procedure, and analysis for purity by gel electrophoresis were done by the 

techniques applied earlier to the two homologous enzymes (16). The earlier 

important modification of including glycerol (2~ v/v) in the acetylation 

mixture permitted studies to be carried out with very small amounts of protein. 

Because acetylated trypsin appeared to autoIyze during gel electrophoresis, 

both native and acetylated enzymes were reacted with DFP before application 

to the polyacrylamide gels. Twenty p1 of protein solution were applied for 

each run. The amount of protein applied was determined according to the 

methods of Lowry et a_~.]. (17) using bovine serum albumin as the standard. 

Spectra were carried out with a recording Spectrophotometer (Zeiss DMA-21) of 

native and acetylated proteins in 5 mM sodium acetate - 5 raM calcium acetate 

(pH 5), The amino terminal residues of the native and acetylated enzymes were 

examined qualitatively after performic acid oxidation by reaction with dansyl 

chloride (18)o The results were analyzed on the quartered polyamide sheets 

as described earlier (16,18,19). The identity of each fluorescent spot was 

confirmed by chromatographic comparisons with dansyl derivatives of standard 

amino acids and dipeptides. The quantitation of amino terminal residues was 

determined by the cyanate procedure (21), after the protein had been oxidized 

by performlc acld (22). Chromatography through a Dowex I-X8 column was 

2. Abbreviat ions used are: Bz-Arg-OEt, Na-benzoyl-L-arglnine ethyl  ester ;  
Bz-Arg-NHNp, N~-benzoyI -L-arg in ine-~-n i t roan i l ide ;  dansyl, dimethylamino- 
naphthy lsu i fony l ;  EDTA, ethylenediaminetetraacetate.  
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Figure 1. Chromatography through OR-cellulose of nat ive (upper panel) and 
acetylated (lower panel) ~. griseus t ryps in ;  about ]O m9 of protein were 
applied in each run, Fractions of 3.0 ml were col lected.  The a c t i v i t y  
against Bz-Arg-OEt is demonstrated; 50 ~l a l iquots were used for the assays. 
See text  for  de ta i l s .  

carried out to remove peptides containing cysteic acid from the hydantoins. 

The recoveries for  amino-termlnal residues were calculated using the data 

of Stark (21),without consideration for  losses during chromatography through 

the Dowex-! column; therefore, the values reported are probably low. 

Because of the apparent low K m that the microbial enzyme demonstrated 

toward Bz-Arg-OEt, th is substrate could not be applied s a t i s f a c t o r i l y  for  

accurate determination of k inet ic  constants, Instead, Bz-Arg-NHN p was 

u t i l i z e d ;  the low concentrations of substrate that were necessary for  these 

studies required the use of cuvets with a 10 cm l igh t  path. The enzymatic 

a c t i v i t y  was followed by the change in absorbancy at /405 nm using a Cary 15 

recording spectrophotometer; a molar ex t inc t ion  coef f i c ien t  of 9,620 per cm 

l i gh t  path was used for  p -n i t roan i l i ne  at th is  wavelength (10). 

Resui ts 

The procedure of acety lat ion in the presence of glycerol resulted in a 

completely soluble product. Fig. 1 depicts the patterns of chromatography 

through CR-ceilulose of native and acetylated S. clriseus t ryps in .  Acetylat ion 
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Figure 2. Acrylamlde gel electrophoresls of unacetylated and acetylated 
~. ~ di isopropylphosphoryl- t rypsin,  heft ,  unacetylated enzyme, 60 ~g; 
center, acetylated enzyme, 20 ~g; r iqh t ,  30 pg of unacetylated and 10 pg of 
acetylated enzymes. Migration from top to bottom, cathode at the bottom. 

y ie lds material which demonstrated no a f f i n i t y  for  the cation exchange column 

in marked contrast to the native enzyme. Furthermore the der ivat ive appears 

to be f u l l y  act ive.  

The homogeneity of acetylated ~. qriseus t rypsin as demonstrated by 

acrylamide gel electrophoresis can be seen in Fig. 2. The der iva t ive ,  as 

expected, migrates much less rapid ly towards the cathode than the native 

protein.  I t  should be noted that th is study extends the previous evidence 

for homogeneity of the enzyme since i t  would be d i s t i n c t l y  unusual for two or 

more d i f fe ren t  proteins to demonstrate para l le l  migrations in both the native 

and acetylated states. The extent of acety lat ion of s-amino groups was 

determined both q u a l i t a t i v e l y  and quan t i t a t i ve l y .  Following treatment with 

dansyl chloride both native and acetylated enzymes demonstrated the presence 

of dansyl-val ine and dansy l -L-va ly l -L -va l ine  a f te r  acid hydrolysis.  The 

l a t t e r  der ivat ive results from the well-known observation that the conditions 
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Figure 3. U l t r av io l e t  spectra of native ( , 0.55 mg/ml) and 
acetylated ( . . . . . . . . . . . . .  , 0.40 mg/ml) ~o grlseus t ryps in .  

of acid hydrolysis do not permit complete cleavage of bonds in dipeptides 

with residues which are branched at ~ carbons i f  the amino terminus is 

blocked by a stable and bulky l igand. Since the acetyiated protein was 

determined to be e lec t rophore t i ca l l y  homogeneous, i t  is clear that there can 

not be any substantial  enzyme f rac t ion which is acetylated at the amino- 

terminus. This in terpre ta t ion is strengthened by the quant i ta t ive  amino- 

terminal analyses as determined by the cyanate procedure, where the values 

found for native and acetylated proteins were respect ive ly  0.44 and 0.46 moles 

of val ine per mole of prote in.  

Fig. 3 depicts the spectra of native and acetylated enzyme. The spectrum 

of the acetylated enzyme is subs tan t ia l l y  d i f f e ren t  from that of the parent 

prote in;  the ra t io  of absorbancies at 280 and 260 nm is lo~er a f te r  ace ty l -  

a t ion.  The spectrum of the der iva t ive  did not change a f te r  exposure to 

acetate at pH 5.0 for  several days at 4 ° . This f inding is s im i la r  to those 

noted with the acetylated der ivat ives of the two homologous proteins in Pronase 

( |6 ) .  However, the spectral changes of the t ryps in  component a f t e r  acety la t lon 

are not as marked as those noted with the two smeller proteins.  The p o s s i b i l i t y  

remains that there may be O-acetylated tyrosine residues which are unusually 

res is tant  to cleavage in these enzymes. 
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Table 1 

Kinet ic constants for ~ o . . f . f  Bz-ArQ-NHNp 

Protein K m Vma x 

mM sec "1 

Native enzyme 0.029 5,2 

Acetylated enzyme 0.029 3.0 

Studies were carr ied out at 22 ° in I0 mR TrIs.HCl (pH 8.0) with 
5 mM CaC! 2. The range of substrate concentrations were from 
5.6 to 168 ~M and the enzyme concentrations were from 0.8 to 
I.O nM. 

The k ine t ic  constants noted in Table 1 reveal no substantial dif ferences 

between native and acetylated proteins; the Michaelis constants are ident ical  

while the maximal ve loc i t y  of the acetylated enzyme is about 6 ~ o f  the native 

enzyme. Very s l i gh t  dif ferences in k ine t ic  constants were noted in the case 

of bovine t ryps in  and i ts  acetylated der ivat ives (]3)° 

Discussion 

The s tab i l i z i ng  e f fec t  of glycerol during acety ia t ion reactions with 

acet ic anhydride is demonstrated for the second time in th is  study with Pronase 

t ryps in .  An e a r l i e r  study showed that glycerol was required durln 9 th is  

reaction in order to obtain stable der ivat ives from two companion homologous 

Pronase endopeptidases ( t6) .  Insoluble and inact ive products were noted in 

that invest igat ion a f te r  acety la t ion in the absence of g lycero l .  Glycerol 

permits the generation of excel lent  y ie lds of stable der iva t i ves ,  an important 

consideration when only a scant amount of native protein is ava i lab le .  

The amino-terminal residue is c lea r l y  spared from acetylat iono This is 

in marked contrast to the results noted with the two smaller homologous 
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enzymes present in Pronase (16). In a l l  three microbial cases acetylat lon does 

not substant ia l ly  af fect the ca ta ly t ic  a c t i v i t y .  The three homologous bovine 

enzymes (chymotrypsin, elastase, and trypsin) demonstrate a s imi lar  pattern of 

access ib i l i t y  of =-amino groups to acetic anhydride. The n-amino groups of 

chymotrypsin and elastase are readi ly acetylated (8,14), whereas, as in the 

case of the Pronase enzymes, the a-amino residue of the trypsin component does 

not react (13)o This suggests that the conformatlonal s im i l a r i t y  at the amino- 

termini is very close for these two t ry ,s ins ,  closer than that manifested by each 

t rypsin with respect to companion homologous components. This is remarkable 

in view o f  the vast ly d i f ferent  biological sources of the two t rypslns.  I t  has 

been shown in denaturant, that bovine t rypsin can react with d i f ferent  

electrophi les at the ~-amino s i te (24,25). We have been unable to obtain a 

homogeneous protein with the bacterial enzyme af ter  acetylat ion in denaturant. 
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