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INTRODUCTION 

The active site of lysozyme may be descr ibed  as a groove running 

through the ent i re  length of the molecule.  (Blake,  et. a l . ,  1965; John- 

son and Phillips, 1965). This  finding is consis tent  with the substra te  on 

which lysozyme acts,  a polysacchar ide .  If this enzyme acting on a poly-  

sacchar ide  has an active site capable of in teract ing with six monosacchar ide  

units, then it  may be p re sumed  that an enzyme acting on a polypeptide may 

have an act ive site of comparable  complexity and length, capable of in t e r -  

acting with multiple amino acids of the polypeptide.  Such a complex site 

(perhaps such si tes  should be called compound sites) might occur  in the 

pancrea t ic  proteolyt ic  enzyme such as chymotryps in  or t rypsin  or  the p ro -  

teolytic enzymes  of plant origin such as papain or ficin. 

This r e s e a r c h  was supported by grants  f rom the National Inst i tutes 
of HeaIth. 
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Recently it has been shown that of a se r ies  of polyalanines from L- 

a lanyl-L-alanine  to hexa-L-alanine,  the last  is the most  specific substrate 

for papain and carboxypeptidase.  (Schechter, Abramovitz and Berger ,  1965; 

Schechter and Berger,  1966). Dias tereomeric  peptides show retarding effects 

of D res idues  even at great  distances from the position of cleavage, indi- 

cating multiple at tachment of the substrate to the active site. (Schechter, 

Abramovitz, and Berger,  1967; Schechter and Berger,  1967). These poly- 

peptides contain negative charges,  however, which may affect their  overal l  

react ivi ty.  Further ,  the possibi l i t ies  for non-productive binding of the poly- 

peptides are manifold, an occurrence which may complicate the interpretat ion 

of the resul ts .  We have therefore investigated the react ivi ty of a se r ies  of 

neutral  polyglycinamides in the deacylation of t rans-c innamoyl  papain which 

follows equation 1. Glycinamide is known to be more than 100-fold poorer  

as a nucleophile than L-tryptophanamide toward t rans-c innamoyl  papain. This 

difference in react ivi ty is ascr ibed to differences in binding of these two nu- 

cleophiles to the acyl -enzyme (Brubacher and Bender, 1966). Thus the 

nucleophilic react ivi ty in deacylation is a convenient and sensitive measure  

of binding capability to a portion of the active site. By using the polyglycin- 

amides, we can probe the extent of a l imited region of the active site, the 

region from the reactive sulfhydryl group to the carboxyl terminus of the site, 

thus reducing the possibi l i t ies  of non-productive binding. Fur thermore ,  by 

using the glycinamides, we can do so with neutral  compounds where e lec t ro-  

static interaction do not in ter fere .  

k3 

tran s- c innamoyl-papainm 

t rans-  cinnamate + papain 

(1) 

g'lycinamide t rans-  cinnamoyl glycinamide 

lq papain 
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EXPERIMENTAL 

Diglycinamide hydrochloride (Grade I ,  Lot K-5302) was purchased from 

the Cyclo Chemical Corporation. After extract ing with hot absolute ethanol 

to remove a small  amount of water-insoluble material ,  the color less  residue 

mel ts  at  191-193 ° C (Lit. (Pfeiffer and Saure, 1941), 185 °). Analysis: 

Calcd. for C4H10N302C1; N, 25.07%. Found;~ N, 24.9%. A neutral izat ion 

equivalent of 168 (M. W. 167.6) was determined by t i t rat ion with standard 

base asin5 a Radiometer  Autoti trator Type TTTlc and Recorder  Type SBR2c. 

Triglycinamide acetate (Grade I, Lot K-2597) was obtained from Cyclo 

Chemical Corporation. Eight hundred moo" of the yellow mater ia l  was ex- 

t racted with 30 ml of hot absolute ethanol and 250 mg of off-white mater ia l  

crys ta l l ized from the cooled ethanol solution. Recrystal l izat ion of this 

lat ter  mater ia l  from absolute ethanol gave a product which was still  off-white. 

However, the cold mother  liquor from the lat ter  t reatment,  when stripped of 

solvent, yielded 35 m;,~ of a white powder. After drying in vacuo over P4010, 

this mater ia l  b e a n s  to char at 160 ~ but does not melt  even up to 300 ~ . It 

has a neutral ization equivalent of 264 (M. W.,  248.2). Analysis: Calcd. 

for CsHl~N4Os; N, 22.57%. Found:* N, 22.83%. 

Tetraglycinamide acetate (Grade I, Lot K-1671/R) was also obtained 

from Cyclo Chemical Corporation. Two recrys ta l l iza t ions  from absolute 

ethanol yielded a white mater ia l  which is so hygroscopic that neither a ~$ood 

meltin~ point nor analysis  can be obtained. The neutral ization equivalent is 

335 (M. W., 305.3). 

Analyze~ by Cyclo Chemical Corporation. 

Analysis by Micro-Tech Laborator ies ,  Skokie, Illinois. 
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The procedures  for prepar ing and following the deacylation of t rans-  

cinnamoyl-papain have been described in a previous publication (Brubacher 

and Bender, 1966). 

RESULTS 

The deacylations of t rans-c innamoyl -papa in  in the presence of the poly- 

:~lycinamides were f i r s t -o rde r  over more than 90% of reaction.  The pseudo 

f i r s t -o rde r  react ions  were assumed to follow equation 2, which s tems direct ly 

from equation 1 (assuming no observable binding of the nucleophile). Plots 

of the observed f i r s t - o r d e r  rate constants (kob s) versus  nucleophile concen- 

tration, shown in Fig. I, indicate that equation 2 is being obeyed. The value 

kob s = k 3 + l~i I (Nucleophile) (2) 

of the second-order  rate constant, k4ii, was obtained from the slopes of 

the plots. These resu l t s  are recorded in Table I. 

Fig. 1. 
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DISCUSSION 

If the nucleophile binds to t rans-cinnamoyl-papain  before react ing with 

it, as postulated in an ea r l i e r  paper, (Brubacher and Bender, 1966), 

k4i I = k4/K n, assuming for simplicity that water is  not an effective competi-  

tive inhibitor. Since the amines in Table I are  of essent ia l ly  identical 

basicity, they should have identical 1~ values (assuming identical orientation 

of the bound species); hence the differences in react ivi ty ref lec t  differences 

in binding. No nucleophile saturation is  observed with the glycinamides 

(see Fig. 1); hence all binding modes, whether productive or non-productive, 

have dissociation constants much greater  than the highest nucleophile concen- 

t rat ions.  In this c i rcumstance,  the concentration of any productive acyl -en-  

zyme:nucleophile complex, is not affected by the existence of non-productive 

acyl-enzyme:nucleophile complexes. Thus deacylation kinet ics  observed 

under non-saturatins" conditions are not affected by non-productive modes of 

binding, if such occur.  Therefore,  in the present  case, increasing k4i I 

values for the amines (in descendin~ order) in Table I ref lec t  decreas ing 

values of the dissociation constants of the respective productive acyl-enzyme:  

nucleophile complexes. 

Diglycinamide exhibits a dramat ical ly  greater  react ivi ty than glycinamide~ 

however, further lengthening of the nucleophile (by inser t ing more glycine 

residues)  has only a small  additional enhancement of the react ivi ty of the 

nucleophile. There appears to be a sort  of "sa tura t ion"  effect with respect  

to the number of glycine residues,  n, in the nucleophile. A plot of 

log (1/k4i I) vs l /n ,  although slightly curved, ~ v e s  an approximate intercept  

corresponding to a value of k411 between 50 and I00 M -I sec -I for n = co. 

Whether this "maximal"  value has any theoret ical  significance is debatable; 
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however, it  is of in te res t  that the best nucleophiles thus far observed (i. e. 

L-tryptophanamide and methyl L-tryptophanate) have rate constants which 

fall within this range. The observation of enhanced react ivi ty with nucleo- 

philes containing three peptide units is consistent  with the resu l t s  of Schechter 

and Berger  (1967) who found evidence for three sub-s i tes  in the region from 

the reactive sulfhydryl group to the carboxyl terminus of the site. 

Acknowledgement. - The authors thank Dr. Arieh Berger  for p re -  

pr ints  of his unpublished work in this field. 
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