
Journal of Cellular Biochemistry 33:65-75 (1987) 
Proteases in Biological Control and Biotechnology 147-157 

Role of Glandular Kallikreins as Growth 
Factor Processing Enzymes: Structural 
and Evolutionary Considerations 
Paul J. Isackson, Joan C. Dunbar, and Ralph A. Bradshaw 

Department of Biological Chemistry, College of Medicine, University of California, 
Irvine, California 9271 7 

Hormones and growth factors are generally released from larger precursors by 
limited proteolysis. The causative agents remain poorly defined with respect to 
location and properties. One subset of proteases, the glandular kallikreins, have 
been implicated in a few cases, in part because of their specific association with 
mature forms of some hormones. However, limited distribution and low copy 
number in some species cast doubt on this hypothesis, and they may well play 
other physiological functions that remain to be elucidated. 
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Serine proteases act as regulatory agents in a broad range of biological activities 
including zymogen activation of digestive enzymes, blood clotting, and prohormone 
activation. Some of the serine proteases such as trypsin have general proteolytic 
activity within the context of their substrate recognition pattern, whereas many others 
have very limited substrate specificities as required for their narrow physiological 
functions. A subgroup of serine proteases of this latter type is the glandular kallikreins 
of the mouse submandibular gland. Glandular kallikreins are enzymes closely related 
to trypsin that specifically process kininogen to produce kallidin [ 11. They have been 
most thoroughly studied from porcine pancreas, but they are also found abundantly 
in a number of other exocrine tissues and fluids, including the submandibular glands 
and urine [ 13. The male mouse submandibular gland is one of the richest sources of 

factor, epidermal growth factor 
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TABLE I. Known or Proposed Substrate 
Specificities of Glandular Kallikreins 

Protease Substrate 

Kallikrein Kininogen 
Tonin Synthetic renin substrate, 

angiotensinogen, angiotensin I 
[481 

y-Renin Synthetic renin substrate [49] 
EGF-BP (Epidermal growth factor) 
./-NGF (Nerve growth factor) 

enzymes of this type [2]. More recently, however, preparations of these kallikreins 
have been found to be heterogeneous and to contain a large number of very similar 
proteases with different substrate specificities [3]. 

The male mouse submandibular gland is also unusual in that it contains high 
levels of a number of bioactive proteins that are not present or are present at much 
lower levels in other mammals. It is the richest known source of nerve growth factor 
(NGF) and epidermal growth factor (EGF) and contains, in addition, renin, a thymo- 
cyte transformation factor, two mesenchymal growth factors, and a glucagon like 
peptide [4-61. Mouse submandibular NGF and EGF are each associated with specific 
kallikreins that have been suggested to be involved in the processing of their precur- 
sors. Other kallikreins present, which comprise approximately 10% of the total 
protein produced by these glands, may be specific processing enzymes for the other 
bioactive peptides that are also abundant. 

A general physiological role for glandular kallikreins as specific processing 
enzymes for hormone and growth factor precursors has been proposed [3]. This is 
based on the known specificity of porcine pancreatic kallikrein for kininogen, rat 
tonin for angiotensinogen, and the association of gamma-NGF with NGF and EGF- 
binding protein (EGF-BP) with EGF. Hormones that have been proposed to be 
processed by kallikreins are summarized in Table I. 

There are substantial sequence data available for the glandular kallikreins. The 
partial or complete sequences of 18 kallikreins (11 of which are from the mouse 
submandibular gland) are shown in Table 11. A comparison of these sequences along 
with the three-dimensional structures determined by crystallographic analyses avail- 
able for porcine pancreatic kallikrein [7] and the closely related trypsin [8] should 
provide an excellent system for determining how processing enzymes specifically 
recognize hormone precursor substrates. 

MOUSE CV-NGF AND y-NGF SUBUNITS 

NGF is found in the male mouse submandibular gland as a high-molecular- 
weight complex designated 7s NGF that contains three different polypeptide chains: 
alpha, beta, and gamma [9,10]. The complex consists of a stable dimer of beta 
subunits, which possess the neurite growth-promoting activity, and two of each of the 
alpha and gamma subunits. The complex has an association constant of approximately 
10" M-' and is sufficiently stable to remain associated during gel fitration, column 
chromatography, or native gel electrophoresis [ 11,121. Each of the subunits has been 
partially or fully sequenced at the amino acid level [13-151, and full-length cDNAs of 
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each have been isolated and characterized [ 16-19]. The cDNA sequence of beta-NGF 
[16,17] predicts a precursor of 307 amino acids which must be processed at both the 
amino and carboxyl termini to produce the mature 118 amino acid beta subunit [13]. 
A peptide of 187 amino acids is located N-terminal to the mature beta subunit in the 
precursor and may require multiple processing steps, whereas only two amino acids, 
an Arg-Gly dipeptide, must be removed from the C terminus [ 16,171. 

Amino acid sequence analysis of the gamma subunit demonstrated the protein 
to be a serine protease closely related to trypsin and strikingly similar to glandular 
kallikrein of the porcine pancreas [ 141 (Table 11). Earlier studies by Greene et al [20] 
had identified this subunit as an esteropeptidase specific for substrates containing 
arginine residues and a lesser ability to cleave after lysine residues. This activity led 
to the prediction by Frazier et a1 [21] that gamma-NGF acts as a processing enzyme 
for beta NGF. Consistent with this hypothesis is the apparent association of the 
gamma subunit with the C-terminal arginine residue of beta-NGF. Enzymatic removal 
of the C-terminal arginine residue of beta-NGF eliminates the gamma-beta interaction 
[22]. Thus, the gamma subunit probably interacts with this arginine residue through 
its active site, particularly considering its known arginine preference, and may cleave 
the Arg-Gly peptide for the C terminal of beta-NGF. In such a model, it would 
subsequently remain tightly associated with the mature beta subunit in a manner 
somewhat similar to the trypsin-trypsin inhibitor interaction. The role of gamma- 
NGF in effecting the required N-terminal processing is more obscure. It has been 
shown by Berger and Shooter [23] to process cell-free extracts containing beta 
precursors to the mature protein, but other enzymes, such as trypsin, acted in a 
similar manner. 

The alpha subunit of NGF, which was the last of the 7s  subunits to be 
characterized, does not exhibit any known biological activity. Sequence analysis 
[15,19,24] provided the surprising result that the alpha subunit is also a member of 
the glandular kallikrein family with 78% sequence identity with gamma-NGF. The 
sequence, however, contains several novel amino acid changes relative to other serine 
proteases which render the protein catalytically inactive. An Arg-t Gln substitution at 
amino acid - 1 (Table 11) prevents cleavage of the activation peptide which is normally 
necessary to achieve an active conformation. Five amino acids are deleted within the 
N-terminal region of the mature alpha subunit, including three residues of the Ilel 
Val-Ile/Val-Gly-Gly sequence that is absolutely conserved in other serine proteases. 
The highly conserved Gly-189 residue near the active site is replaced by a histidine 
residue, and an Asp-+Tyr substitution at 185 results in a bulky side chain at the 
bottom of the substrate binding pocket which would prevent interaction with arginine 
or lysine substrate residues. Consistent with these radical sequence changes, the alpha 
subunit is catalytically inactive, and 3H-diisopropyl fluorophosphate (13H]DFP) binds 
at a rate at least 1,000-fold lower than that of gamma NGF (D. Raben et al, 
unpublished observations). 

The manner in which alpha-NGF interacts with beta-NGF has not been estab- 
lished. It is clear that it is not a processing enzyme, but it does stabilize the 7s NGF 
complex. It appears to interact only with the beta subunit, since the alpha and gamma 
subunits do not form a complex [12]. It will be interesting to determine which part of 
the beta subunit is recognized by alpha-NGF and whether it recognizes beta-NGF 
through the residues that are part of the active site in other serine proteases. 
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TABLE 11. Comparison of Trypsin and Known Glandular Kallikrein Sequences* 

Isackson, Dunbar, and Bradshaw 

M S A ~ L I L A L V G A A V A F P L E D D D  
M P V T ?W F L I L F L A L S L G 

M W m I  L a L O L  S m G  
M h' F L I L F L A L S L G 

rTP 
rPS 
rS2 
rS3 
mGK-1 
mEGFBP-B 
m r-NGF 
m4-NGF 

rTP 
PPK 
gpPK 
rPS 
rS2 
rS3 
mg-R 
mGK-1 
mEGFBP-3 
mEGFBP-A 
mEGFBP-S 
m Z-NGF 
ma-SGF 

rTP 
PPK 
gpPK 
r P S  
rS2 
r S 3  
m z - R  
mGK-1 
mPI72 
mEGFBP-B 
mEGFBP-A 

my-NGF 
md- N G F 

EIEGFBP-S 

r T P  
PPK 
gPpg 
rPS 
rS1 
rS2 
rS3 
mGR-1 
mPI72 
mEGFBP-B 
mr-NGF 
m6-NGF 

I VIG G Ff'K C 5 K N S  Q P U 
v - - - -  D C E - N S O P V  in 

bc! 
m Y  K S R A Q  
A E ClK N D K m E  
A H CII N D T S Q 
A H CIA T D N T Q 
-I I! C / Y  S S h' V Q 
A I? CIY S K K n Y 2 

0 
I N  
V J  

L D  

L D  
L D  

L D  

m i  
V L T A  
V L T A  

V L T A  
V L T A  
V L T A  

G V L  

'G V L 
G V L  
G V L  

G V L  
G V L  
G V L  
G V L  

A U 
A H C Y Y E K 2  
A H C H N D KIY 

V W L G K N N  

Y V D Q  Y N W V L T A A H C 
N W V L T A A  

K W V L T A A H C  
Y W V L T A A F I C  

Y D D B  
Y B D K  

Y 
? - LG v L L 0 

SQ 
. . Y S S V T - -  

D Y I P L I V T  
A Q R R L  A Q r l R  L Y I P V F M R  m; :: S A Q H R L  

S A Q H R L  V S K  
S A Q H R L V S K  
S A Q H RmV S K 

F L E[D E P S m Q  H R L V S K A I P H P  A I P  

(continued) 
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TABLE 11. (Continued) 

r T P  
PPK 
gPPK 
r PS 
r S 1  
r S 2  
r S 3  
m G K - 1  
mPI9  
mPI72  
m P I 1 9 6  
mPMK- 1 
mEGFBP-B 
mEGFBP-A 
mEGFBP-S 
mX-NGF 
ma-NGF 

r T P  
PPK 
gPpK 
r P S  
r S 1  
r S 2  
r S 3  
m G K - 1  
mPI9  
n P 1 1 9 6  
mPMK-1 
mEGFBP-B 
m8-NGF 
ma-NGF 

r T P  
PPK 
gpPK 
r P S  
r S 1  
r S 2  
r S 3  
m I - R  
m G K - 1  
mGK-2 
mPI72  
mPMK-1 
mEGFBP-B 
mEGFBP-A 
mEGFBP-S 
mZ-NGF 
md-NGF 

110 

S K P A D I T D A  
E H  

- - ---- - -* ---- L _----_--_ _I 

40  
- - G T N R P  

P A H P V F P - -  

I - - E h' E F P DI D L Q C V 
- - I M V V S H t D L O C V  'I 

D A  
Q L  
G L  
N I  
N I  
N I  
X I  
F T  
N L  
K L  
E L  
F Y  
F I  

L 
N L  
N L 
N L  

; 1 6 0  

H L L S IN E 
H L L S I N  E 
H L L &IN E 
K L L PIN E 
K L L PIN E 
K L L P ; N  E 
K L L PIN E 
T L L PIN E 
T L L PIN E 

L L P IN E 
K L L P ' K  E 
K L L PIN E 
K L L P I N  E, 

D C E A A Y P  
F C A H A H P  
N C D D A H I  n 
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TABLE 11. (Continued) 

r T P  
PPK 
8PPK 
r PS 
r S 1  
r S 2  
r S 3  
m 8-R 
m G K - 1  
mGK-2 
mPI72  
mPMK-1 
mEGFBP-B 
mEGFBP-A 
mEGFBP-S 
m X-MGF 
ma-NGF 

r T P  
PPK 
gPPK 
r P S  
r S 1  
r S 2  
r S 3  
m G K - 1  
mGK-2 
mPMK-1 
mEGFBP-B 
mr-NGF 
md-NGF 

r T P  

I C D G  
I C m G  
I C D G  
I C D G  
I C D G  
I C D G  
I C D G  
I C D G  
I C D G  
I C D G  
I C D G  

mk8: E F W  
M L C A G Y L P G G K D T C  

G G K D T C  

pPK’ 
g PPK 
r P S  
rS1  
rS2 
r S 3  
m G K - 1  
mGK-2 

s w I K I K  V I M I K  

S W I K D T M I M  

G G K D T C  
G G K D T C  
G G K D T C  

G G K D T C  

G G K D T C  
G G K D T C  

G G K D T C  

2 1 0  

H T  
D S  
F N  
s v  
A T  
A T  
Y N  
S I  
P E  
P E  
H T  
P E  

B G  3 
P C  
P C  
P C  
P C  
P C  
P C  
P C  
P C  
P C  
P C  
P C  
P C  - 

P 
P 
P 
P 
P 
P 
P 
A 
A 
A 
P 
P 

A L  
G S  
G V 
G E  
G E  
A K  
A K  
G E  
S K  
G K  
G K  
G E  
G E  

Q 
M 
V 
K 
R 
A 
T 

K 
V 

A 
A 

K 
E 

b*5 
G D S G G P L  
G D S G G P L  
G D S G G P L  
G D S G G P L  
G D S G G P L  
G D S G G P L  

G D S G G P L  
G D S G G P L  

G D S G G P L  
G D S G G P L  

G D S G G P L  
q D S G G P L  

S I  
S L  
G I  
G I  
A 1  
A 1  
G V  
G I  
A 1  
A 1  
G V  
s v  

Y T K  
Y T K  
Y T N  
Y T N  
Y T K  
Y T K  

*Boxes indicate residues highly conserved in mouse glandular kallikreins. Dashed lines designate surface 
loops as defined by Bode et a1 [7]. Capped residues (A) indicate porcine pancreatic kallikrein residues 
that form close contacts with bovine pancreatic trypsin inhibitor [39]. Sequences shown are for rTP, rat 
trypsinogen I [50]; pPK, porcine pancreatic kallikrein [51]; gpPK, guinea pig prostate kallikrein (J.C. 
Dunbar and R.A. Bradshaw, unpublished); rPS, rSI, rS2, and rS3, four cDNA clones from rat 
submaxillary gland [52] (rPS was identified as rat submaxillary kallikrein and rS2 as rat tonin); my-R, 
gamma-renin of the mouse submandibular gland 1491; mGK-1 and mGK-2, genomic clones of the mouse 
kallikrein family [3]; mPI9, mP172, and mPI196, cDNA clones from a mouse submandibular gland 
library (P.J. Isackson and R.A. Bradshaw, unpublished); mPMK-1 = pMK-1 [33]; mEGFBP-A and 
mEGFBP-B, two putative mouse EGF-binding protein sequences [29-31 I ;  mEGFBP-S, EGF- 
binding protein sequenced by Silverman [32] and P.J. Isackson et al (unpublished), and my-NGF and 
ma-NGF, cDNA sequences of mouse gamma-NGF [18] and alpha-NGF [19]. 
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MOUSE EGF-BINDING PROTEIN 

EGF, like NGF, is also found in high concentrations in the male mouse subman- 
dibular gland and is produced as a large precursor which must undergo processing to 
produce the mature hormone [25,26]. The precursor to EGF, however, is very large 
(1,217 amino acids) compared to the mature form of EGF (53 amino acids). The 
precursor may be a membrane-bound protein, as judged by a strongly hydrophobic 
sequence similar to other putative transmembrane segments located near the C 
terminal and, in addition to EGF, contains seven regions with substantial sequence 
homology to EGF [25,26]. The EGF sequence is flanked by single arginine residues 
which can be processed by trypsin-like serine proteases. However, the regions 
homologous to EGF within the precursor are not flanked by basic residues and either 
are not processed or are cleaved by proteases with different residue specificities. 

The mature form of EGF is also present in the male mouse submandibular gland 
in the form of a high-molecular-weight complex. A dimer of EGF subunits is 
specifically bound to two subunits of a single kallikrein, designated EGF-BP [27,28]. 
Based on this association, EGF-BP has been postulated to act as the processing 
enzyme of the large pro-EGF [27]. EGF-BP has been purified and shown to specifi- 
cally bind EGF in vitro [28]. EGF-BP does not recognize NGF in this type of assay, 
and, conversely, gamma NGF does not bind to EGF [28]. 

There are several inconsistent reports in the literature regarding the sequence of 
EGF-BP. Two different forms of EGF-BP (A and B) have been reported to exist by 
Anundi et a1 [29]. Partial amino acid sequences have been reported for both forms 
[29], and a complete cDNA sequence has been published for form B [30,3 11. Contrary 
to this result, repeated preparations of EGF-BP, which consist of a single kallikrein, 
have a sequence that is very similar to form A of Anundi et a1 [29] but not to form B 
(as shown in Table 11) [32] (P.J. Isackson et al, unpublished). Form B [29] is, 
however, identical in sequence to mouse kallikrein protein-1 (pMK-1) reported by 
Richards et a1 [33]. pMK-1 was the first mouse submandibular gland kallikrein 
sequenced at the cDNA level and is extremely abundant, comprising 1-5% of the 
total mRNA. Since Peterson and co-workers [29-311 did not demonstrate specific 
EGF complex formation with their two putative forms of EGF-BP, it is likely that 
Form B is a contaminating glandular kallikrein that does not form a complex with 
EGF. The relationship of form A to the actual EGF-BP will require further structural 
data. We are currently isolating the cDNA that corresponds to EGF-BP as purified by 
Shooter and co-workers. Characterization of this cDNA will be very useful for 
comparisons with other kallikreins with different binding specificities. 

GUINEA PIG PROSTATE KALLlKRElN 

A second source of NGF and EGF is the prostate of several higher vertebrates 
[34]. Of these, bovine and guinea pig prostate appear to have the highest concentra- 
tions, and NGF has been isolated and characterized from both species [35,36]. Guinea 
pig prostate EGF has also been isolated and partially sequenced [37]. In all cases, the 
hormones appear to be closely related to those isolated from the mouse submandibular 
gland. However, the prostate differs from this latter tissue in one significant aspect; 
it does not express the large number of kallikreins. In fact, initial characterization of 
the gel filtration elution profde of extracts of guinea pig prostate failed to reveal any 
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benzoyl arginine p-nitroanilide (BAPNA) activity, the usual assay for detecting 
gamma-NGF and EGF-BP [35, 371. However, evidence for the presence of some 
gamma-NGF (or EGF-BP)-like material was also obtained. Northern analysis of 
guinea pig prostate mRNA using a cDNA probe corresponding to a portion of the 
gamma-NGF sequence revealed cross-reactive material (P. J. Isackson, unpublished 
experiments), and [3H]DFP labeled a single protein in a soluble extract of the tissue 
[38]. Subsequent enzymatic analysis revealed that this enzyme utilized benzoyl argi- 
nine ethyl ester as substrate. 

Homogeneous preparations of this guinea pig esteropeptidase were obtained 
using a combination of gel filtration and ion exchange chromatography [38]. The 
pure enzyme had an apparent molecular weight of 35,000 on SDS electrophoresis; 
deglycosylation by chemical or enzymatic means reduced the molecular mass to 26 
and 30 kD, respectively. These observations suggest there are two carbohydrate sites 
on the single polypeptide backbone. The complete covalent structure of the enzyme 
(Table 11) was determined from peptides derived from chemical and enzymatic 
cleavages (J.C. Dunbar and R.A. Bradshaw, unpublished). The protein shares 35% 
identity with rat trypsin but is over 60% homologous to the gamma-subunit of NGF 
and porcine pancreatic kallikrein. Thus on the basis of structural considerations, the 
guinea pig esteropeptidase can also be viewed as a member of the kallikrein subset. 
Several structural features of the molecule, including 10 half-cystines, the “kallikrein 
loop, ” and the carboxyl terminal sequence, are consistent with this identification. 

Although it is structurally similar to gamma-NGF (and therefore presumably to 
EGF-BP), no direct evidence linking this enzyme with either of these growth factors 
in this tissue was obtained. Gel filtration profiles clearly revealed that the kallikrein 
did not form a detectable complex with either of the growth factors, and covalent 
cross-linking experiments failed to show evidence of any interaction. These observa- 
tions do not, of course, eliminate a processing role for the kallikrein in releasing the 
mature factors from their precursor molecules. However, if this kallikrein does serve 
as a processing enzyme in this tissue, the situation is significantly different from the 
mouse submandibular gland in that a single enzyme would have to serve as a 
processing enzyme for both precursors, thereby lacking the specificity observed with 
gamma-NGF and EGF-BP, and no complex is formed between the kallikrein and 
either of the mature proteins. 

KALLlKRElN SUBSTRATE SPECIFICITY 

Mason et a1 [3] have identified a cluster of genes on chromsome 7 of the mouse 
genome that encode more than 25 homologous glandular kallikrein genes. The 
complexity of cDNA libraries prepared from male mouse submandibular glands 
[18,19,33] indicates that a substantial number of these genes are expressed. The 
amino acid coding sequences of these genes are highly conserved (70-90%) and, with 
the exception of alpha-NGF, are predicted to code for active serine proteases with a 
substrate specificity for arginine residues [3] similar to porcine pancreatic kallikrein 
and trypsin. The crystal structure of porcine pancreatic kallikrein has been determined 
by Bode et al [7] and found to be extremely similar to trypsin. Kallikrein has a 
number of surface loops, which are more extended than those of trypsin and form a 
compact structure that partially protects the substrate-binding pocket of the enzyme 
[7]. This structure presumably restricts the protein-binding specificity of kallikreins, 
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and amino acid changes within the surface loops are expected to determine the protein- 
binding specificity. The regions of sequence corresponding to surface loops, residues 
18-26, 89-93, 133-147, and 159-169, are indicated in Table 11. The regions of 
greatest sequence variation within the mouse kallikrein genes are within these surface 
loops and it has therefore been suggested that this is the basis for specific recognition 
of different protein substrates [3]. 

The crystal structure has also been determined for porcine pancreatic kallikrein 
complexed with pancreatic trypsin inhibitor (PTI) [39]. The complex formed is very 
similar in conformation to that of the individual structures of trypsin and PTI. Sixteen 
amino acids of kallikrein are involved in close contacts with PTI, and these are shown 
in Table 11. Six of these-residues 24, 25, 26, 93, 143, and 145-are within surface 
loops. With the exception of Cys 26, all contact residues within the surface loops 
exhibit variability among the kallikreins that have been sequenced and may therefore 
contribute to determining substrate specificity. Since trypsin forms similar contacts 
with PTI [40], it seems likely that other residues must be responsible for determining 
more narrow kallikrein specificities, such as the ability of gamma-NGF to recognize 
beta-NGF. Current efforts in our laboratory are directed toward determining contact 
residues of alpha and gamma-NGF with beta-NGF to answer this question. 

ROLE OF GLANDULAR KALLIKREINS 

Glandular kallikreins present in the mouse submandibular gland apparently 
recognize and may specifically cleave bonds in precursors of important bioactive 
peptides. Nevertheless, several lines of evidence suggest that these glandular kalli- 
kreins are not the main physiological processors of these peptides. The strongest 
evidence is the lower genomic copy number of kallikreins in mammals other than the 
mouse. Although the mouse contains more than 25 kallikrein genes [3], the rat 
contains only 8-10 genes [41], and the hamster has been reported to have only 2-3 
kallikrein genes [42]. These reduced numbers would obviously not provide enough 
specificity for processing enzymes. 

The speculated role of gamma NGF- and EGF-BP as processing enzymes is 
based primarily on their association as high-molecular-weight complexes with beta- 
NGF and EGF. This is in fact rather unusual; glandular kallikrein, for example, does 
not remain bound to kallidin after processing kininogen. There are some similarities 
in the interaction of trypsin and kallikreins with trypsin inhibitors in that they remain 
bound as a complex. A covalent bond is formed at the active site between trypsin and 
trypsin inhibitor, unlike the case with gamma-NGF or EGF-BP; however, it has been 
shown that this bond does not contribute substantially to the stability of the complex 
[43]. The ability of gamma-NGF and EGF-BP to form stable complexes may indicate 
a different or additional role for these kallikreins other than processing enzymes. The 
existence of alpha-NGF, a catalytically inactive kallikrein that forms a complex with 
beta-NGF, also suggests some other function for these proteins. The stable complex 
formation provides an excellent experimental system for examining the features 
responsible for specific recognition of NGF and EGF. 

Another argument against a general role as processing enzymes is the failure to 
localize specific glandular kallikreins at other sources of hormone synthesis. For 
example, alpha and gamma-NGF have not been identified anywhere other than in the 
mouse submandibular gland. This is a problem that has been technically difficult to 
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approach because of the extremely low levels of NGF in other sources and the high 
degree of similarity between the different kallikreins. Nevertheless, other sources 
where beta-NGF has been identified such as mouse L cells and rodent iris have failed 
to react with antisera to alpha and gamma-NGF [44, 451. NGF of the guinea pig 
prostate is not associated with BAPNA activity, which is characteristic of gamma- 
NGF [35]. However, as noted above, the guinea pig prostate does contain at least one 
kallikrein that could be involved in precursor processing. 

The availability of the cDNA probe for beta-NGF has recently allowed the 
detection of NGF mRNA in target tissues of the sympathetic nervous system where 
the levels of production are too low to be conclusively identified by immunoreactivity 
[46,47]. cDNA probes for alpha and gamma-NGF may similarly prove to be useful 
for identifying other sites of kallikrein synthesis. Oligonucleotide probes prepared 
against regions specific to alpha and gamma-NGF (eg, amino acid residues 82-88 or 
142-147) (see Table II) will allow a determination of whether the three NGF subunits 
are coordinately expressed in target tissues of the sympathetic nervous system and in 
the mouse submandibular gland. 
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