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---------MATIERSARISING------
The mechanism of activation of 
porcine pepsinogen 

IN a recent paper we studied the early 
events in the activation of porcine pep
sinogen using fluorescence-detected stop
ped flow kinetics l

, We characterized two 
first-order decays when working with both 
native pepsinogen and a covalent conju
gate between the fluorescent moiety 6-( p
toluidinyl}-naphthalene-2-sulphonyl- and 
pepsinogen l

. This result was demon
strated to be consistent with a model in 
which concurrent first-order transforma
tions are undergone by two species of 
zymogen which are related by an ioniz
ation-dependent equilibration between 
them, (A sequential model was ruled out 
by an analysis of the data.) We hypothe
sized that the two species initiate two con
current pathways of activation. Sub
sequently, James and Sielecki, in an 
extrapolation from their new crystallo
graphic structure of porcine pepsinogen, 
also proposed two alternative pathways 
for activation2

• They did not explicitly sug
gest, however, that the two paths are fol
lowed simultaneously under a given set of 
conditions. It will be noted that their pro
posal bears a close resemblance to the 
model we had already worked oue based 
on the kinetic analysis described above, 
Most recently we have demonstrated that 
the pH-dependent segregation of pep
sinogen molecules between alternative 
pathways persists at least through the pro
cess which exposes the active site3

• This 
was shown by following the kinetics of 
binding of a fluorescent analogue of pep
statin to pepsinogen upon acidification, It 
was again observed that there are two first
order processes consistent with the con
current reaction model described above. 

The crystal structure of pepsinogen 
reported by James and Sielecki2 permits a 
much clearer understanding of the origins 
of the changes in intrinsic fluorescence 
that we obtained I , They noted that the 

environment of at least four tyrosyl 
residues must be perturbed upon release 
of Lys 36P (residues IP-44P comprise the 
activation peptide) from its electrostatic 
interaction with the carboxylates of the 
catalytically-active residues Asp 32 and 
Asp 215, The fluorescence changes that we 
observed occur on the millisecond time 
scale, and are followed by no further 
change for several seconds 1 

, This strongly 
suggests that very soon after acidification 
the activation peptide is released from its 
initial position in which it blocks the 
catalytic site2

• 

The distinguishing conformational 
features of the two molecular species of 
acidified pepsinogen, which form a Bron
sted acid-base conjugate pair, remain to 
be identified. Further studies by us, as well 
as results obtained by crystallographic 
analysis, may provide a means to this end, 
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JAMES AND SIELECKI REPLy-Acid 
activation of porcine pepsinogen has long 
been known to involve conformational 
changes l

,2 that can be reversed by rapidly 
returning the pH of the solution to 
neutrality. Conformational changes on a 
time scale of 5 ms-2 s have also been 
detected by stopped flow fluorescence 
kinetics.3 Analysis of these data suggests 
that there are two concurrent activation 
pathways for pepsinogen. Exposure of the 
active site ofthe enzyme occurs on roughly 
the same time scale 0-2 s). The kinetic 

data for the binding of a fluorescent pep
statin analogue are also interpretable in a 
two concurrent pathway mode\.4 

The crystal structure of porcine pep
sinogen5 has shown that the pepsin active 
site is fully formed in the zymogen but 
that it is blocked competitively by the 
specific folding of the activation peptide 
(LeuIP-Leu44P). This blocking takes 
place in a manner different from that 
expected for productive substrate binding. 
The two alternative steps in the proposed 
activation pathwayS are concerned only 
with repositioning the activation peptide 
so that the scissile bond (LeuI6P-IleI7P) 
can approach the catalytic aspartates, This 
cleavage step has a relatively longer half
time of -28 s (ref, 6). Unfortunately, a 
static crystal structure cannot provide 
definitive data on dynamic events that are 
occurring at millisecond or second time 
scales. However, the three-dimensional 
structure allows us to propose the two 
alternative pathways for productive bind
ing of the scissile peptide bond of pep
sinogen in the unimolecular cleavage re
action, Whether our alternative binding 
modes are associated with relatively rapid 
fluorescence changes and the concurrent 
pathways so deduced remains to be seen, 
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