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Precursors to regulatory peptides: their proteolytic processing 
by P. C. Andrews,  K. Bray ton  and  J. E. Dixon  
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Summary.  Precursors  to regula tory  peptides undergo  m a t u r a t i o n  processes which include proteolyt ic  processing. The en- 
zymes involved in this  process remove the  hyd r ophob i c  pept ide located at  the amino- te rminus  of  the precursor .  Endopro tease  
cleavage also occurs at  single and  two adjacent  basic residues, this is followed by a removal  of  basic residues located at  the 
C- terminus  of  the peptides by a carboxypept idase- l ike  enzyme. 
Key words. P r o h o r m o n e  processing;  regula tory  peptides;  precursors ;  proteolyt ic  enzymes. 

Regula tory  peptides are diverse in their  funct ion  and  local- 
izat ion;  however,  they share a c o m m o n  proper ty  in tha t  they 
all are initially synthesized as larger precursors  which are 
processed proteolyt ical ly to form biologically active prod-  
ucts 15,45. Figure 1 is a schemat ic  representa t ion  of  several 
regula tory  pept ide precursors  showing their  processing sites 
and  indicat ing t ha t  these precursors  can  have a molecular  
weight  greater  t han  10 times tha t  of  the biologically active 
peptides 29, or, they may  lose only a few amino  acids dur ing  
their  m a t u r a t i o n  process 63. 
Precursors  to regulatory peptides have in c o m m o n  1) a simi- 
lar ' rou te '  f rom their  site of  synthesis to the ul t imate  expor t  

of  their  p roduc ts  f rom the cell and  2) they all undergo  proteo-  
lytic processing events. The  proteolyt ic  processing events in- 
clude removal  of  the signal sequence, which  is necessary for 
seques t ra t ion  of  the pro te in  into the endoplasmic  re t iculum 
as well as subsequent  endoproteoly t ic  and  exoproteolyt ic  
cleavages. Specific regula tory  pept ides can also undergo  
o ther  pos t - t rans la t iona l  modif ica t ions  which  include disul- 
ph ide  bond  format ion ,  ca rbohydra t e  addi t ion,  sulphat ion,  
phosphory la t ion ,  acetylat ion,  and  amida t ion  to ment ion  
only a few of  the numerous  modif ica t ions  which have  been 
described s7. 
In this  br ief  review, it is no t  possible to examine th roughly  all 



Reviews Experientia 43 (1987), Birkhfiuser Verlag, CHM010 Basel/Switzerland 785 

P R O - O P I O M E L A N O C O R T I N  

i t 
I 

Signal Peptide 

P E P T I D E  

x - M S H  cI-MSH CLIP :l /~-MSH 'e-end [ 

~L__ACTH ~ L :i 1 x - L P H  ' , ) ' -end 

~ -end  I - 27  

/~-end 

~ - L P H  " 

PREPROGLUCAGON AND R E L A T E D  P E P T I D E S  

I I II 
Signal',, ,'" GI ucagon GLP- I  GLP-2  

pepfide ',, ,' 
Glicentin-related 

polypeptide 

P R E P R O I N S U L I N  
Pre B-chain C-peptide A-chain 

, 8 - N E O - E N D O R P H I N / D Y N O R P H I N  P R E C U R S O R  P E P T I D E  

Putative ~-neo-end, dyn~l-8 l; 
Signal Peptide , ~  , H 

a-neo-end 

P R E P R O T A C H Y K I N I N S  

dy,n ~-~7 ~ '~ 

4 K dyn (=Ai 
; ', 

rimorphin 

leumorphin 

G-PREPROTACHYKIN1N < ~ ~ 

I I It!!:;: t H i, ,I 

~-PREPROTACHKIMN i" '"  

Ip~tat,vel I[!!!i~:i:~itl/ li!:i:i:~ii!;::!i!iil] III 
Signel Peptide ~ ~ ~ ~ ~ 

[Z~ E:Z3 
58 68  98  107 

Substance P Substence K 

Figure 1. Schematic representation of peptide precursors. Stippled areas 
indicate biologically important products; Black indicates methionine 
enkephalin. Data sources are as follows: Proglucagon4; PreproinsulinS; 
Corticotrophin-releasing factor precursorT~ Prepro LH-RH precursor69; 

H U M A N  C O R T I C O T R O P I N - R E L E A S I N G  FACTOR 
PRECURSOR 

I II 

PREPRO H U M A N  L U T E I N I Z } N G  H O R M O N E - R E L E A S I N G  HORMONE 

~ Signal Peptide LH-RH 

T H Y R O T R O P I N -  R E L E A S I N G  HORMONE 

~ 3  

I I [::.JI t,l t:i] U H 

PREPROENKEPHAUN A 

I i | I  iil ',4 i l  
"Pufo,ive' ! PepfiOe F i 6ct;-  'M [ i '  '; Hepf'e- 

Signnl Pepfide pepiide ~- 2P; , ;i peptide 
)-20P " ;; 
?-2Zp :i 

Peptide E 

M = Metorphinemide 
12P = BAM-12P 

2OP = BAM-2OP 
22P = 8AM-22P 

Thyrotropin-releasing hormone43; Prepro-enkephalin A44; Prepro-oplo- 
19 35 56 melanocortin49; Preproenkephalin B , ; Preprotachykinins . 

aspects of post-translational modifications of precursors to 
regulatory peptides. We will instead, focus on one of the 
events that regulatory peptides have in common, namely, the 
proteolytic processing of the precursors to form their corre- 
sponding regulatory peptides. 
Biosynthesis of precursors to regulatory peptides. The nomen- 
clature used to identify the specific intermediates observed 
during protein biosynthesis arose from the early work of 
Steiner and his colleagues 73 who identified a large precursor 
form of insulin which they referred to as proinsulin. A pre- 
cursor to proinsulin was observed in cell-free translation 
experiments, the larger precursor was referred to as pre- 
proinsulin 74 (fig. 1). This terminology has generally been ap- 
plied to the various intermediates of regulatory peptide bio- 
synthesis. 

The signal peptide 
Proteins destined for secretion from the cell are initially syn- 
thesized in the cytoplasm, but become tightly bound to the 

endoplasmic reticulum as synthesis proceeds. The generally 
accepted model proposed by Blobel and Dobberstein in 1975 
for protein export from the cell has been referred to as the 
signal hypothesis 7,8. This model suggests that the initial 
synthesis of the growing peptide chain in the cytoplasm re- 
sults in attachment of the amino terminus of the exported 
protein to membranes of the endoplasmic reticulum sl. The 
interactions between the endoplasmic reticulum and growing 
peptide-ribosomal complex are complicated, but they clearly 
involve protein complexes such as the signal recognition par- 
ticle, which is composed of six proteins and a 7S RNA mole- 
cule 8~ss. In addition, other proteins appear to play impor- 
tant roles in this interaction 8s. 
All precursors to regulatory peptides which are transported 
via this vectorial mechanism into the endoplasmic reticulum, 
harbor an amino terminal sequence of approximately 16-30 
amino acid residues which generally includes 4-12 hydro- 
phobic residues. This amino acid sequence has been referred 
to as the 'signal sequence' because it appears to contain the 



786 Experientia 43 (1987), Birkh/iuser Verlag, CH~4010 Basel/Switzerland Reviews 

'code' which designates that this protein is to be routed to the 
endoplasmic reticulum 7, 8. 
Signal sequences are not normally observed on newly synthe- 
sized proteins found within cells. This suggests that the signal 
sequence is rapidly removed from the precursor, while the 
growing peptide is still attached to the ribosome. In order to 
observe the signal sequence, it is necessary to carry out cell- 
free translation experiments with isolated messenger RNAs. 
In the absence of membranes from endoplasmic reticulum, 
the signal sequence is not removed and can be readily identi- 
fied following isolation of the regulatory peptide precursor. 
An example of a signal sequence identified on a preproregu- 
latory peptide was recently described by Minth et al. 54. RNA 
isolated from a human pheochromocytoma was translated in 
a cell-free translation system with radioactive leucine or me- 
thionine. Minth et al. 54 isolated the precursor by immuno- 
precipitation with antibodies directed towards the regulatory 
peptide, in this instance an antibody produced against neuro- 
peptide Y. The antibodies recognized the larger precursor 
(preproneuropeptide Y) and selectively precipitated the 
product. The results of the cell-free translation and immuno- 
precipitation of the precursor are illustrated in figure 2. 
The immunoprecipitated product was subjected to auto- 
mated Edman degradation. This results in selective removal 
of amino acids from the amino terminus. When the radio- 
activity in each cycle of the Edman degradation is plotted 
against the amino acid sequence deduced from the cDNA 
sequence one can see that there is exact agreement between 
the [3H] leucine in cycles 2, 7, 9, 12, 14, 16, 18, 19, 22, 25, and 
the locations of the deduced leucine residues. The only cycle 
in which [3sS] methionine is seen is cycle 1. The results of the 
sequencing reactions and the deduced amino acid sequence 
of the signal peptide of preproneuropeptide Y are shown in 
figure 3. The signal sequence of preproneuropeptide Y is 
removed as a result of proteolysis between Ala-28 and Tyr- 
29. Some of the factors which govern the removal of the 
signal sequence from secretory proteins are now under study. 

the secretory potential for the signal sequence 37. Substitution 
of amino acids at or near the cleavage site can result in either 
the absence of processing or alternate processing at new sites. 
The analysis of the conformation required for the cleavage of 
prolipoprotein suggest that the residues near the cleavage site 
are probably in the 13-turn structure. Substitution of residues 
which reduce the [3-turn potential seem to alter dramatically 
the ability of the signal peptidase to carry out effective cleav- 
age of the precursor sequence. 

Cleavage at two adjacent basic residues 

As discussed in the previous section, all regulatory peptides 
to date appear to be synthesized initially as preproproteins 
with rapid removal of the signal peptide. The resulting pro- 
peptides can be proteolytically processed at either single ba- 
sic residues or at two adjacent basic residues. Arginine rather 
than lysine seems to be preferred in the P1 position of basic 
dipeptides vs. Figure 1 shows a number of examples of prore- 
gulatory proteins which harbor these processing sites. 
The mammalian enzyme which recognizes and cleaves the 
prohormone at the two basic residues has not been isolated in 
pure form, nor characterized. The unicellular eukaryote Sac- 
charomyces cerevisiae produces precursors for at least two 
secreted biologically active peptides, prepro-~-factor and 

Cleavage of the signal peptide 

Both eukaryotic and prokaryotic cells appear to use similar 
mechanisms for protein export. Bacterial cells have been 
shown to be capable of exporting various eukaryotic pro- 
teins22,78 and conversely, eukaryotic cells will secrete certain 
bacterial proteins 86. Much of our knowledge concerning the 
protease responsible for cleavage of the signal sequence from 
the growing nascent protein comes from studies by Wickner 
and his colleagues on the biogenesis of the M13 procoat 
protein 65. The protease which cleaves the signal peptide from 
the M13 protein has been isolated and characterized. It ap- 
pears to be an integral membrane protein of 37,000 daltons 88. 
This peptidase isolated from bacteria seems to be quite ho- 
mologous to the signal peptidase of the eukaryotic endoplas- 
mic reticulum 65. For  example, the bacterial enzyme will 
cleave preproproteins such as the honeybee prepromellitin, 
human-prepro placental lactogen and preproinsulin 6s. The 
specific site of cleavage of the signal peptide in numerous 
regulatory peptide precursors has been established. No spe- 
cific 'sequence' of amino acids would appear to be responsi- 
ble for recognition by the signal peptidase; rather, higher 
order structure, (i. e. secondary structure) seems to play an 
important role in determining the exact site of cleavage. 
Inouye and colleagues 36,37, 79, 80 have examined the structure- 
function relationship of residues located within the signal 
sequence. The importance of the central hydrophobic region 
is readily apparent from a number of reports which describe 
secretion-defective mutants with substitutions in this re- 
gion 3,16,17,53. In addition, using site-directed mutagenesis, 
Inouye et al. showed that selective alterations of amino acids 
within the hydrophobic segment have dramatic effects upon 

Figure 2. Immunoprecipitation of translation products directed by hu- 
man pheochromocytoma RNA. Translations were carried out in a wheat 
germ cell-free translation system and then analyzed on sodium dodecyl- 
sulphate/15% polyacrylamide gels. Lanes: A, total translation products 
(one-tenth of reaction); B, precipitation with preimmune serum; C, preci- 
pitation with anti-NPY serum (YN-12) in the presence of 5 lag of porcine 
NPY; D, precipitation with anti-NPY (YN-12). Protein standards (in 
daltons) from top to bottom are ovalbumin (43,000) ~-chymotrypsinogen 
(25,700), 13-1actoglobulin (17,400), lysozyme (14,300), cytochrome c 
(12,300), and bovine trypsin inhibitor (6200). 



Reviews Experientia 43 

~ - - I ~  _J o - . I  m _ . l J  �9 

600 

400 

200 1~ 2001~ 
y 10 15 20 25 

2000 
E 
.g 

4000 

6000 

Cycle 

Figure 3. The NH2-terminal sequence analysis of prepro-NPY. Sequential 
Edman degradation was carried out on the in vitro cell-free translation 
product immunoprecipitated with antiserum directed against porcine 
NPY. The radioactivity corresponding to [35S] methionine and [3H] leu- 
cine was determined for 30 cycles. The positions of the radiolabeled amino 
acids in the immunoprecipitated translation product are shown along 
with the amino acid sequence determined from nucleotide sequence analy- 
sis. The positions of Leu and Met are capitalized. 

preprokiller toxin which contain pairs of  basic residues 
which are presumptive processing sites. In K E X  2 mutant  
yeast cells neither of  these proteins is produced in their ma- 
ture form. The K E X  2 mutat ion in yeast resides in a gene that 
encodes a novel endoprotease specific for cleaving these two 
substrates on the carboxyl side of  pairs of  basic residues 38. 
The K E X  2 gene has been cloned and introduced into yeast 
cells on multicopy plasmids such that the K E X  2 protease is 
overproduced about  30-fold. F r o m  these cells the K E X  2 
endoprotease has been purified about  100-fold, and the fol- 
lowing catalytic properties have been elucidated. The mem- 
brane bound enzyme has a neutral pH  opt imum, and the 
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enzyme displays a marked substrate preference. The relative 
rates of  hydrolysis of  peptide bonds are shown below. 

-ArgArg +- ~ -LysArg -~ ~> -LysLys ! = -Arg ! >> Lys ~ - 

The enzyme also requires an active site thiol, as determined 
by its susceptibility to thiol inhibitors and is unaffected by 
several classical serine protease inhibitors. The most  potent  
enzyme inhibitor found to date is a reagent originally pre- 
pared by Ket tner  and Shaw (1981), alanyl-lysyl-arginyl-chlo- 
romethylketone.  The K E X  2 endoprotease can be covalently 
tagged and radioactively labeled by a derivative of  this inhi- 
bitor, which will do the same for cathepsin B. The activity of  
this enzyme also appears to be completely dependent on the 
presence of  Ca ++ ions 28. 
The yeast K E X  2 endoprotease resembles the mammal ian  
proteases called calpains. The calpains are Ca ++ dependent 
neutral thiol proteases 13,55. In experiments using synthetic 
f luorogenic substrates to determine their substrate speci- 
ficity, it was found that cleavage occurred on the carboxyl 
side of  a Tyr, Met  or  Arg  residue provided that  preceding 
residue is hydrophobic  67. Al though many proteins have been 
examined as substrates of  calpain cleavage, the true bio- 
logical substrates of  the calpains has not  been determined. 
It has not  been easy to distinguish the ' p rohormone '  process- 
ing enzyme(s) from other proteases found in lysozymes. Stu- 
dies which have examined the conversion of  proinsulin, pro-  
glucagon and prosomatostat in  I to their corresponding ma- 
ture hormones in the secretory granules of  anglerfish pan- 
creatic islets found that at least one of  the enzymes involved 
in the conversion of  these prohormones  was different from 
other intracellular proteases. The enzyme was shown to be a 
thiol protease with a pH  opt imum near 5, cleaves at pairs of  
basic amino acids and may possibly require the presence of  
segments of  the prohormone  for proper substrate recogni- 
tion and/or  binding ~~ ai, 57. It is associated with the membrane 
of  the secretory granule. The enzyme is similar to cathepsin 
B, but has a more restricted substrate specificity and is 
not  inhibited by N-p-tosyl-L-lysine chloromethylketone.  
This may be the enzyme with ' trypsin like' substrate speci- 
ficity originally proposed for the first step in insulin process- 
ing39~1,76, 90, 91.  

Recently, a 70 kda glycoprotein has been purified from secre- 
tory vesicles of  the intermediate lobe 46 and the neural lobe 61 
of  the bovine pituitary. The activity assay involved conver- 
sion of  mouse proopiomelanocor t in  to 21 kDa  A C T H ,  

Figure 4. Amino acid sequence of factor IX Cambridge. Factor  [X Cambridge 
contains an 18-residue NH2-terminal extension homologous to the 
predicted amino acid sequence of the propeptide of factor IX (stippled) 
extrapolated from the known cDNA sequence of factor tX 12' 42. Factor 
IX has an NH2-terminal sequence of Tyr-Asn-Ser-. Residue 18 of factor 
lX Cambridge, analogous to the arginine at residue -1 of the factor 

IX precursor, is mutated to a serine (solid). This point mutation 
(Arg -1 ~Ser -1) in the factor IX propeptide precludes normal proteolytic 
processing between residues -1 and +1. The codon for arginine-1 in the 
factor IX precursor, AGG, is altered to either AGT or AGC (solid), 
codons that code for serine. Reproduced from Diuguid et ai.14. 
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A prohormone 'converting enzyme' activity described by 
Noe and his colleagues appears to be membrane associated 
and is found in microsomes and secretory granules 5s. This 
membrane association of converting enzymes has been dem- 
onstrated in rat anterior pituitary u, neurointermediate 
lobe 47, and rat hypothalamic synaptosomes 89. It has been 
proposed that newly synthesized islet prohormones  are 
membrane associated in the microsome and secretory gran- 
ule and that the RER/Golgi  complex and secretory granule 
membranes serve as a matrix to bring the enzyme and sub- 
strate together 58. 
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Figure 5. Processing sites for A anglerfish preprosomatostatin I and B 
anglerfish preprosomatostatin II. The residues belonging to the non- 
somatostatin portion of prosomatostatin are circled. The residues are 
numbered from the initiator methionine. The asterisk indicates the site of 
lysyl hydroxylation. The peptide bonds cleaved during conversion to the 
mature hormones are indicated by large arrows. Small arrows indicate 
minor processing sites. 

~LPH, and 23 kDa ACTH. The enzymes have acidic pH 
optima and the enzyme from the intermediate lobe cleaves on 
the carboxyl side of Arg in the Lys-Arg dipeptide when 
provasopressin is the substrate to produce arginine vaso- 
pressin extended at the carboxyl terminus by Gly-Lys-Arg. 
The Gly residue contributes the carboxyl amide during later 
steps of processing. The enzymes from both sources were 
not inhibited by diisopropyl,fluorophosphate, p-chloro- 
mercuribenzoate, or EDTA, but were inhibited by pepstatin 
A, an inhibitor of aspartyl proteinases. Because the enzymes 
from both sources are very similar in physical properties and 
in substrate specificities, the possibility exists that the en- 
zymes from both sources are identical or are closely related. 
Although the enzymes described by Loh and colleagues will 
carry out conversion of several prohormones and are located 
in secretory vesicles, experiments unambiguously demon- 
strating their requirement for prohormone conversion in 
vivo are unattainable until genetic manipulation of the activ- 
ity becomes feasible. 

The importance of processing at adjacent basic residues 

Although the mammalian enzyme which selectively cleaves 
at two adjacent basic amino acid residues has not been char- 
acterized in detail, the importance of these dibasic sites for 
the proper processing of prohormones has been noted in 
several instances. Families with hyperinsulinemia have been 
described 66,71. Normally, proinsulin is cleaved between Arg- 
65 and Gly-66, a peptide bond which connects the C-peptide 
and A chain of proinsulin (fig. 1). A point mutation in the 
Arg-65 codon changes this residue to a histidine which re- 
sults in a blockage of the post-translational cleavage of 
proinsulin to insulin 71. Alterations in the amino acid se- 
quence of proalbumin can also result in variants which do 
not undergo conversion to albumin 1, 9. Normally proalbumin 
is processed at two adjacent arginine residues. In one of the 
variants, the alteration results in an Arg-Glu substitution 
while in another variant it causes a His-Arg substitution. 
These changes result in unprocessed proalbumin. Recently a 
variant of factor IX coagulant activity was described which 
resulted in hemophilia B &14. Factor IX Cambridge has a 
Lys-Ser substitution for the normally observed post-transla- 
tional processing site Lys-Arg (fig. 4). This point mutation in 
a human protein precursor impairs proteolytic processing 
and results in a disease state (hemophilia B). 

Proteolytic cleavage at single basic residues and processing by 
exopep tidases 

Flexibility in proteolytic processing is important for tissue- 
specific processing of prohormones. For  example, the major 
physiologically active peptide produced as a result of proglu- 
cagon (fig. 1) processing in the pancreas appears to be gluca- 
gon. A larger peptide derived from the remainder of proglu- 
cagon is also produced 62, but has not yet been shown to 
possess biological activity. In contrast, four different physio- 
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Figure 6. Schematic diagram of the carboxypeptidase isolated from secre- 
tory vesicles which is specific for basic residues. It is referred to as enke- 
phalin converting enzyme (CPE) by Fricker and Snyder 24' 25. The stuc- 
tures of carboxypeptidases A and B (CPA and CPB, respectively) are also 
indicated for comparison. Deleted regions are indicated by a thin line and 
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the residues important for substrate binding or activity are indicated by 
their three-letter codes. The His residues at position 69 in both CPA and 
CPB are not indicated but are present. Residues in CPA or CPB which are 
identical to those in CPE are indicated by lines in the spaces between the 
proteins. 
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logically active products 6~ are produced in the gut (glicentin, 
oxyntomodulin, GLP- 1, and GLP-2). One way of achieving 
this differential processing is through the use of multiple 
recognition sites for different converting enzymes. 
Although prohormone conversion frequently.occurs at basic 
dipeptides, a growing number of processing sites are being 
uncovered which involve cleavage at single arginine residues. 
One of these is a single Arg residue in proglucagon which is 
utilized during production of the GLP-1 mentioned above 32. 
Other sites in proglucagon occur at basic dipeptides. 
Another excellent example of the differential use of single 
versus double-basic conversion sites occurs in the processing 
of prosomatostatin (fig. 5) in mammals and in fish 2'59'72. The 
processing of prosomatostatin in mammalian pancreas in- 
volves cleavage at an Arg-Lys dipeptide resulting in forma- 
tion of a 14-residue form of somatostatin. In the gut, process- 
ing at an earlier, single Arg residue produces a 28-residue 
somatostatin 31,19'64 having different physiological activi- 
ties 1~176 Thus, two hormones or regulatory peptides may 
be obtained from a single precursor via use of different pro- 
cessing sites. The two forms of somatostatin are produced in 
separate cells in anglerfish pancreas sl. The situation in the 
fish is complicated by the presence of two prosomatostatins, 
one of which is converted to the 14-residue somatostatin, and 
one which is converted to a 28-residue somatostatin (fig. 5). 
However, both forms contain equivalent monobasic and 
dibasic putative processing sites. The enzymes responsible 
for the recognition of the two different processing sites have 
been shown to be differentially localized in fish pancreas 58 
and can be resolved chromatographically 48. The activity 
which produces the 14-residue somatostatin from prosoma- 
tostatin-I (fig. 5) will not cleave prosomatostatin-II 4~ even 
though the gene II product also contains an equivalent basic 
dipeptide immediately before the cryptic 14-residue soma- 
tostatin. 
The protease(s) responsible for processing at single arginine 
residues has not yet been isolated. However, from the known 
structures of the substrates and products of processing some 
of the parameters important for substrate-specificity may be 
deduced. Although a given prohormone may contain several 
single arginine residues, only a limited number are utilized. 
Inspection of cleavage sites containing single residues reveals 
no general similarities in primary sequences, although some 
of the cleavage sites may be grouped into those having 
nearby proline residues 68. However, not all arginine residues 
in close proximity to proline are cleaved. The lack of obvious 
sequence homology among processing sites suggests that the 
processing enzyme(s) recognizes some component of second- 
ary and/or tertiary structure at the cleavage site in addition 
to the single arginine residue. 
Both classes of endopeptidases with specificity directed ei- 
ther towards single or to adjacent basic residues produce 
products having terminal basic residues. In many instances 
these residues must be removed to produce the active ~brm of 
the peptide. Secretory vesicles have been reported to contain 

23 25 33 34 77 both an aminopeptidase 3~ and a carboxypeptidase �9 �9 ' 
with specificities directed toward basic residues. 
The potent carboxypeptidase has been reported from a wide 
range of endocrine tissues. The enzyme is a metallopeptidase 
and has an acidic pH optimum in the range 5.0-6.0 24, 25, 34, 77. 

The carboxypeptidase from secretory granules is activated 
by Co 2+ and can be distinguished from the lysosomal enzyme 
which is not. The secretory granule carboxypeptidase can be 
inhibited by chelating agents and by active-site directed inhi- 
bitors such as guanidinoethyl-mercaptosuccinic acid 24. Two 
forms of the enzyme exist, a membrane-bound form and a 
soluble form having molecular weights of approximately 
52,000 and 50,000 daltons respectively z4, 25, 77. The soluble 
form has been purified to homogeneity ~6 and the cDNA has 
been cloned and sequenced 27. The deduced protein sequence 

indicates some homology (fig. 6) with carboxypeptidases A 
and B (20 % and 17 % respectively). The homology between 
carboxypeptidases A and B is 48 %, suggesting that although 
the carboxypeptidases are related, A and B diverged from 
one another more recently than the secretory granule car- 
boxypeptidase. Major differences between the converting en- 
zyme and carboxypeptidases A and B include a carboxyl-ter- 
minal extension of 120 amino acids and changes in the sub- 
strate-binding regions (fig. 6). 
An aminopeptidase has also been reported from secretory 
vesicles 3~ The enzyme is a membrane-bound metal- 
lopeptidase having a broad pH optimum in the range 5.5 
7.5. Although the enzyme is specific for amino-terminal basic 
residues, its involvement in prohormone conversion has not 
yet been established. 

N o t e  added." Recently, Evans et al. (Proc. natn. Acad. Sci. 
USA 83 (1986) 581) reported the purification to near homo- 
geneity from canine pancreatic microsomes, the eukaryotic 
signal peptidase. In contrast to the prokaryotic protease, the 
purified canine enzyme consists of a complex of six polypep- 
tides with apparent molecular masses of 25, 23, 22, 18 and 12 
kDa. The 22 and 23 kDa proteins appear to be glycoproteins, 
however, only one of the subunits appears to function in 
signal peptide cleavage. 
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