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Alleles at the PRH1 Locus Coding for the Human
Salivary-Acidic Proline-Rich Proteins Pa, Db, and PIF
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SUMMARY

We cloned and sequenced the entire exon and intron structures ofDb
and Pa genetic determinants at the PRHl locus. Their derived amino
acid sequences and that previously determined for the PIF protein
completely explain the electrophoretic phenotypes of the acidic pro-
line-rich proteins (PRPs) Pa, Db, and PIF. Thus, the Cys substitution
near Arg 106 in the Pa protein sterically interferes with proteolytic
cutting at Arg 106 and accounts for the single-banded phenotype. In
contrast, the Db and PIF proteins are proteolytically cut at Arg 106
and show a double-banded phenotype. The Db protein has an extra
21-amino acid repeat that accounts for its larger size compared with
the equal sized Pa monomer and PIF proteins. Several amino acid
substitutions account for the charge and mobility differences of the
Pa, Db, and PIF proteins in isoelectric-focusing gels. These DNA/
protein correlations, as well as the extremely similar genomic-DNA
sequences that differ by <1%, establish that Pa, Db, and PIF are
alleles at the PRH1 locus. On the basis of the DNA sequences, we
conclude that Db and Pa alleles diverged more recently from a com-
mon precursor than did the PIF allele from its precursor.

INTRODUCTION

The human PRP gene family consists of six closely linked genes (Azen et al.
1984; Maeda 1985) on chromosome l2pl3.2 (Azen et al. 1985; Mamula et al.
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1985) coding for many salivary proline-rich proteins (PRPs) that show frequent
protein polymorphisms (Azen, in press). The PRPs include many basic, acidic,
and glycosylated types (Bennick 1982). On the basis of previous population and
family studies of acidic PRP polymorphisms, it was postulated (1) that the Pa,
Db, and PIF proteins are coded by three different but closely linked genes (Pa,
Db, and PIF, respectively) that are part of a larger PRP gene complex and (2)
that each gene is expressed as one productive and one nonproductive (null)
allele (Azen and Denniston 1981; Goodman et al. 1985). In contrast, it was
postulated that other acidic PRPs are encoded by three productive alleles (with-
out nulls) at a different but closely linked locus (Pr) (Azen and Denniston 1981;
Goodman et al. 1985).
Recent DNA studies (Maeda 1985) showed that there are six PRP genes that

can be classified into two subfamilies. Four genes termed PRB 1, PRB2, PRB3,
and PRB4 are of the BstNI type, which means that the restriction enzyme
BstNI cuts the repetitive region (exon 3) of these genes frequently. Two genes,
PRH1 and PRH2, are of the HaeIII type, which means that HaeIII cuts the
repetitive region (exon 3) of these genes frequently. The cDNA work (Maeda et
al. 1985) showed that the six PRP genes can code for many more proteins by
means of differential RNA processing and posttranslational proteolytic cleav-
ages, thus adequately accounting for the many PRPs in the saliva.

After a reexamination of previous population and family data, Maeda (1985)
noted (1) that there are neither any individuals having all three proteins nor any
individuals lacking all three and (2) that the gene frequencies ofPa +, Db +, and
PIF+ sum to - 1.0 in different racial groups; thus she postulated that the acidic
Pa, Db, and PIF proteins may be determined by three productive alleles with-
out nulls at a single locus rather than coded by three separate genes. The PRH1
locus was postulated to code for PIF, Db, and Pa proteins (Maeda et al. 1985),
since (as will be described below) the BglII/XbaI-length polymorphism of the
PRH1 gene correlates with the protein phenotypes. The closely related PRH2
locus was postulated as coding for the acidic Pr proteins (Maeda et al. 1985),
which are very similar to Pa, Db, and PIF proteins and are determined by three
productive alleles without nulls. If Pa, Db, and PIF proteins are allelic, they
would be expected to show similar electrophoretic phenotypes; however, the
Pa protein shows a single-banded phenotype, whereas the Db and PIF proteins
show double-banded phenotypes (Azen and Denniston 1981). It was also
known that the Pa protein (Friedman and Merritt 1975), alone among acidic
PRPs, contains cysteine, although its amino acid sequence had not been deter-
mined (Azen 1977, 1978; Goodman et al. 1985). To explain these different
phenotypes, Maeda (1985) postulated that the Pa protein may contain a cys-
teine substitution at the Arg 106 proteolytic cut site, thus preventing cleavage.
This cleavage, as will be detailed below, probably accounts for the double-
banded phenotypes for the Pr, Db, and PIF proteins (Azen and Denniston
1981).
The acidic PRPs are well separated in isoelectric-focusing polyacrylamide

gels, pH 3.5-5.2 (Azen and Denniston 1981). Whereas the Pr, PIF, and Db
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acidic proteins have double-banded phenotypes, with each band of a pair stain-
ing with approximately equal intensity, the acidic Pa protein appears as a single
band and is disulfide bonded, probably as a dimer (Azen 1977, 1978; Azen and
Denniston 1981). Wong and Bennick (1980) previously determined the com-
plete amino acid sequence for the PrI protein (also termed protein C). Wong et
al. (1983) also showed that Prl is partially cleaved at Arg 106 by kallikrein,
mainly in salivary glands. Thus, one band of the pair represents the intact Prl
protein, 150 amino acids in length, and the other band represents the larger of
the cleaved fragments, 106 amino acids in length. This would explain the dou-
ble-banded phenotype for Pr proteins, although it is unclear why the presumed
proteolysis does not go to completion. Since both the PIF and Pr proteins show
identical amino acid sequences surrounding the Arg 106 residue (Maeda et al.
1985), it seems likely that the double-banded phenotype for the PIF protein is
due to the same mechanism; however, it was not known whether this is also
true for the Db protein, since its amino acid sequence, like that of the Pa
protein, was not known.
We therefore wished to (1) test, at a molecular level, Maeda's hypothesis of

allelism of the Pa, PIF, and Db genetic determinants (Maeda 1985) and (2)
understand the basis for their different protein phenotypes (Azen and Den-
niston 1981). Genomic Southern blot analysis revealed a length polymorphism
in PRH1 that correlates with the Db, Pa, and PIF protein phenotypes. We
therefore cloned and sequenced the entire exon and intron structures ofPRH1
for the Db and Pa genetic determinants. Their derived amino acid sequences
and that previously determined for PIF (Maeda et al. 1985; Kim and Maeda
1986) completely explain the electrophoretic phenotypes of the proteins. These
DNA/protein correlations, as well as the very similar genomic-DNA sequences
of Pa, PIF, and Db, establish that their products are coded by alleles at the
PRH1 locus.

MATERIAL AND METHODS

Phenotypes ofDb, Pa, and PIF Proteins

Parotid saliva samples were electrophoresed in isoelectric-focusing poly-
acrylamide gels, pH 3.5-5.2, and phenotyped for the Db, Pa, and PIF proteins
according to a method described elsewhere (Azen and Denniston 1981). Ac-
cording to Maeda's (1985) hypothesis, the Db, Pa, and PIF proteins are prod-
ucts of three different alleles (without nulls) at the PRH1 locus. Thus (accord-
ing to Maeda's hypothesis), genotypes for PRH1 proteins of three individuals
whose DNAs were used in cloning experiments include a DblDb homozygote
(also Pa -, PIF-), a PalPa homozygote (also Db -, P1F-) and a Pa/Db hetero-
zygote (also P1F-). In the description of the double-banded electrophoretic
phenotypes (Azen and Denniston 1981), the slow Db band and slow PIF band
refer to the uncleaved proteins (representing the primary PRH1 gene prod-
ucts), whereas the fast Db band and fast PIF band represent the larger of the
cleavage products of the slow proteins.
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Cloning Procedures
Human genomic DNAs were prepared from the white blood cells or parotid

glands of individuals whose salivas were also typed for acidic PRPs in isoelec-
tric-focusing polyacrylamide gels. HindIII or XbaI libraries were constructed
from complete genomic-DNA digests. The digests were ligated into either
lambda-phage Charon 35 (Loenen and Blattner 1983) or Charon 3AA Lac
(Blattner et al. 1977). Two probes were used for phage cloning and plasmid
subcloning: HaeIII 500, a 500-bp probe containing the HaeIII-type repeat from
a cDNA clone coding for PRH1, and HaeIII 1.5, a 1.5-kb EcoRIIBglII frag-
ment from the 5' region (including exon 1) of the PRH2 locus (Kim and Maeda
1986). The phage libraries were first screened with the 32P-labeled HaeIII 500
probe after hybridization at 68 C in 0.9 M sodium chloride/0.09 M sodium
citrate/0.2% bovine serum albumin/0.2% Ficoll/0.2% polyvinylpyrrolidone/
0.5% sodium dodecyl sulfate (SDS). The strongly hybridizing Db and Pa candi-
dates were then each subcloned and isolated as two XbaI fragments (see re-
striction map ofPRH1 at top of fig. 1). One of these fragments, herein termed
the 5' XbaI fragment, is - 1.9 kb and contains exon 1. This fragment hybridizes
to the HaeII 1.5 probe. The other fragment, herein termed the 3' XbaI frag-
ment, is -2.2 kb in length and includes the rest of the gene. It hybridizes to the
HaeIII 500 probe. DNA sequencing was performed according to the method of
Maxam and Gilbert (1977) with slight modifications (Slightom et al. 1980), and
all regions were sequenced in both directions. The sequences were analyzed
using software provided by the University of Wisconsin Genetics Computer
Group (Devereux et al. 1984).

Strategy for Cloning
As a guide for cloning and sequencing, we used the previously published

DNA sequence and restriction map (fig. 1, top) of a prototype PRH1 gene (Kim
and Maeda 1986). This DNA sequence codes for the PIF protein, is -3.5 kb in
length, and contains four exons and three introns. The identifying numbers for
the nucleotide differences shown in figure 1 refer to this published DNA se-
quence. Exon 1 is 64 bp in length and codes for the signal peptide and the first
five amino terminal residues. Exon 2, located -1 kb downstream from exon 1,
contains only 36 bp and codes for the next 12 residues. Exon 3, located -360 bp
downstream from exon 2, encodes the repeated region where HaeIII-type re-
peats occur tandemly five times. The termination codon occurs in exon 3. Exon
4, located after a long intervening sequence of 1,200 bp, contains the 3'-
untranslated region and the poly-A addition signal sequence.
To isolate the Db allele, we screened two lambda-phage libraries. We pre-

pared one genomic library from a presumed DblDb homozygote by ligating a
complete XbaI digest ofDNA into lamba-phage Charon 3AA Lac. We screened
this library with the HaeIII 500 probe and isolated the 3' XbaI fragment of the
Db allele; however, when we screened this library with the HaeIII 1.5 probe,
we could not isolate the 5' XbaI fragment. We therefore screened a HindIII
genomic library (provided by E. Saitoh and prepared from a PalDb heterozy-
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gote) with the HaellI 500 probe. The entire Db allele was recovered on a 10-kb
HindI1 fragment (see restriction map at top of fig. 1). The putative Db allele
could be distinguished from the Pa allele by comparing an XbaIlXhoI digest of
the 10-kb HindIll fragment with an XbaIlXhoI digest of a previously isolated
fragment of the Pa allele. Thus, the putative 0.7-kb XbaIlXhoI Db fragment,
which includes a portion of exon 3, is 63 bp larger than the corresponding Pa
fragment, as will be discussed below. We then subcloned and isolated both the
5' and 3' XbaI fragments of the Db allele from the 10-kb HindI11 fragment. We
confirmed the identity of the 1.9-kb 5' XbaI Db fragment by hybridizing it on a
Southern blot to the HaeIII 1.5 probe. We confirmed the identity of the 2.3-kb
3' Xbal Db fragment by digesting it with XbaIlXhol and showing the diagnostic
0.7-kb fragment as described above.
To isolate the Pa allele, we prepared a genomic library from a presumed Pal

Pa homozygote by ligating a complete HindI11 digest of DNA into lambda-
phage Charon 35 and then screened this library with the HaeIII 500 probe. We
confirmed the identity of the Pa candidate by digesting the DNA with BglII,
EcoRI, and HindI11, hybridizing it with the HaeIII 500 probe on a Southern
blot, and noting the characteristic PRH1-type hybridizing bands. We then
subcloned and isolated both the 1.9-kb 5' XbaI fragment and the 2.2-kb 3' XbaI
fragment of the Pa allele and confirmed their identities by specific hybridiza-
tion, on Southern blots, to either the HaeIII 1.5 or HaeIII 500 probes, respec-
tively.

Hybridization to Genomic DNAs
Total genomic DNAs were completely digested with BglIIIXbaI, electropho-

resed in 2.0% agarose gels, transferred to nitrocellulose according to the
method described by Southern (1975), and hybridized to the 32P-labeled HaeIII
500 probe by using conditions described elsewhere (Vanin et al. 1983). Prior
to autoradiography, filters were washed in 0.45 M sodium chloride/0.045 M
sodium citrate, pH 7/0.5% SDS for 2 h.

RESULTS

1. Size Comparisons ofAcidic PRPs in SDS Gels
The Db slow (larger Db band) and Pa dimer proteins were separately eluted

from alkaline polyacrylamide gels; however, the Prl and PIF slow proteins
electrophoretically overlap in the alkaline polyacrylamide gel and could not be
separated prior to elution. When the mobilities of these eluted proteins are
compared under reducing conditions in an SDS gel (fig. 2A), the slow PIF, Prl,
and Pa monomer proteins are of the same size (Prl and PIF in lane 2 and Pa in
lane 4), whereas the slow Db protein is larger (lane 3). The Prl and the slow PIF
proteins also comigrate in the SDS gel, since only a single band is seen (lane 2).

2. Hybridizing Genomic Fragments from the PRHI Gene in Individuals of
Known Acidic PRP Phenotypes
To look for DNA/protein-size correlations, we studied genomic hybridiza-

tion patterns for the PRH1 gene in 13 individuals whose salivas were also typed
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FIG. 2.-A, SDS gel electrophoresis of purified acidic PRPs. Lane 1, Parotid saliva; lane 2, Prl
(protein C) and PIF proteins comigrate; lane 3, Db protein; lane 4, Pa protein. B, Hybridizing
genomic fragments from the PRHI gene in individuals of known acidic PRP phenotypes. The
genomic DNAs were completely digested with BglIIIXbaI, and Southern blots were hybridized to
the 12P-labeled HaeIII 500 probe. Lane 1, Db/Db homozygote; lane 2, Pa/Pa homozygote; lanes 3
and 4, PIFIPIF homozygotes; lanes 5 and 6, DbIPIE heterozygotes.

for acidic PRPs (fig. 2B). The genomic DNAs were completely digested with
BglII/XbaI, and the Southern blots of these DNAs were hybridized to the 32P-
labeled HaeIII 500 probe. Among the 13 DNA samples, one or two very closely
spaced bands that are characteristic of the PRHI gene are seen, and the band
patterns can be classified into three types. Eight of the 13 DNA samples show
a single hybridizing, smaller 1.6-kb band. The salivas of these individuals are
Db-, and they are also either Pa + /PIF + (five of eight), Pa - /PIF + (two of
eight), or Pa + /PIF - (one of eight). Thus, the presumed PRH1I genotypes of
these three classes, according to Maeda's (1985) hypothesis, are either Pa/PIF
heterozygote, PIFIPIF homozygote, or Pa/Pa homozygote, respectively.
Three DNA samples of this type are shown in figure 211, lanes 2-4. Five of the
13 DNA samples show a slightly larger band that differs from the smaller band
by ~-1I00 bp. The salivas of these five individuals are Db + . One of the five Db +
individuals (who is also Pa - /PIF -) has only the larger DNA band (fig. 211,
lane 1) and is a presumed Db/Db homozygote. The other four Db + individuals
show both DNA bands, which appear as a closely spaced doublet, with both
bands being of approximately equal intensity. Two DNA samples of this type
are shown in figure 2B, lanes 5 and 6. Three of these four Db + individuals are
also Pa - /PIF + , and one is also Pa + /PIF - . Thus, these four individuals with
the doublet patterns are presumed Db heterozygotes (either DbIPIF or DbIPa).
On the basis of these results, two of the three putative allelic proteins deter-

mined by the PRH1I locus (slow PIF and Pa monomer) are the same size and
the third (slow Db) is slightly larger. Additionally, in 13 individuals this order of
size for the salivary proteins correlates well with the order of size for the BglILI
XbaI fragments of the PRH1 gene. Since the BgIIIIXbaI fragment that hy-
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bridizes to the HaeIII 500 probe includes exons 2 and 3 (see restriction map at
top of fig. 1), the larger size of the Db protein may be due to a change in length
of one of these exons. These DNA/protein correlations strongly support both
the previous assignment of PIF to the PRH1 locus (Maeda et al. 1985) and our
proposed strategy of cloning the PRH1 gene from individuals of selected acidic
PRP types in order to characterize the Db and Pa genetic determinants.

3. Comparison ofDNA Sequences of the Three Putative PRHI Alleles
We did a preliminary mapping experiment to localize the region of length

difference in the Db allele. Therefore, we compared the restriction-enzyme
digests of 3' XbaI fragments (containing exon 3) of the Db and PIF alleles. The
combined results with BstNI, AccI, HinfI, HphI, and XbaIlXhoI localize the
added length of the Db allele to exon 3 in the region of the tandem repeats.
We then sequenced -3.6 kb ofDNA for both Db and Pa alleles, including the

entire coding regions and introns, and compared the sequences with that previ-
ously published for the PIF allele as shown in figure 1. A 63-bp insert occurs in
the Db allele; otherwise the sequences are identical for the three alleles, with
the exception of 11 single-nucleotide differences. Three of these nucleotide
differences (starred at positions 2480, 3189, and 4295) cause polymorphic re-
striction-enzyme-site changes including DdeI, HphI and DdeI restriction-
fragment-length polymorphisms, respectively. Nine of the 11 single-nucleotide
differences are in the introns, two in the first intron (positions 2455 and 2480),
four in the second intron (positions 2930, 2981, 3083, and 3095), and three in the
third intron (positions 4295, 4325, and 4416). Two of the 11 single-nucleotide
differences are localized to exon 3 (positions 3189 and 3620). Pairwise compari-
sons of the DNA sequences show only three single-nucleotide differences be-
tween Db and Pa (plus a 63-bp length difference), whereas there are 11 between
Pa and PIF and eight between Db and PIF (plus a 63-bp length difference).

4. Comparison ofAmino Acid Sequences of PIF, Db, and Pa Proteins

In figure 3 the derived amino acid sequences of the Db and Pa proteins
(starting at the amino terminal end) are compared with the previously published
(Maeda et al. 1985) amino acid sequence for the PIF protein. The PIF and Pa
monomer proteins are the same length (150 amino acids), whereas the Db
protein is 21 amino acids longer owing to the extra 63-bp repeat in exon 3 (fig.
1). This result explains the relative sizes of the three proteins in SDS gels (fig.
2A). There are two nucleotide changes in exon 3 (fig. 1). The first (a C--A
change at position 3189) causes a Leu-Ile (CTA--ATA) change in the PIF
protein at residue 26. The second (a C-*T change at position 3620) causes an
Arg-*Cys (CGT-+TGT) change at residue 103 in the Pa protein. (For ease in
comparing Pa, Db, and PIF proteins, this amino acid change is shown at posi-
tion 124 in fig. 3, since the extra 21 amino acids in the Db sequence are also
numbered.)

DISCUSSION

Our molecular data show that the PRH1 genetic determinants that we have
cloned and sequenced (designated as Pa and Db here and as PIF elsewhere
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FIG. 3.-Comparison of PIF, Db, and Pa protein sequences. Derived amino acid sequences of
the Db and Pa proteins (starting at the amino terminal end) are compared with the previously
published (Maeda et al. 1985) amino acid sequence for the PIF protein. The arrow represents the
position where Db and PIF proteins are cut by proteolysis to generate the double-banded elec-
trophoretic phenotypes. The Arg-.Cys substitution in the Pa protein is only three residues re-
moved from the cut site and probably sterically interferes with cutting, thus causing the single-
banded phenotype. The extra 21-amino acid repeat in the Db protein (residues 82-* 102) accounts
for this protein's extra length.

[Maeda et al. 1985; Kim and Maeda 1986]) code for the Pa, Db, and PIF
proteins, since these sequences completely explain the electrophoretic protein
phenotypes, as will be discussed below. These DNA/protein correlations, as

well as the extremely similar genomic-DNA sequences that differ by <1%,
establish that Pa, Db, and PIF are alleles at the PRH1 locus. In contrast, the
two closely related HaeIII-type genes, PRH1 and PRH2, differ overall by
8.7% when each base mismatch and each gap is counted as a single difference
(Kim and Maeda 1986).
On the basis of analysis of the amino acid sequences, we could completely

explain the different electrophoretic phenotypes of the Pa, Db, and PIF pro-
teins. Thus, the Pa monomer protein and the PIF protein are both 150 amino
acids long, whereas the Db protein is 171 amino acids long. The added length of
the Db protein is due to an additional 21 amino acids determined by an extra
tandem repeat that is inserted in exon 3 of the Db allele. These length differ-
ences, inferred from the amino acid sequences, correlate well with the. relative
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sizes of the three proteins in SDS gels. We found an Arg--Cys substitution in
the Pa protein at residue 103, very close to the Arg 106 proteolytic cut site
(Wong et al. 1983). Therefore, it seems likely that this substitution either steric-
ally interferes with proteolysis at residue 106 or disrupts the recognition speci-
ficity required for enzymatic cleavage and thus accounts for the single-banded
pattern of the Pa protein. In contrast, the Db, PIF, and Pr proteins have
homologous amino acids surrounding the Arg 106 cut site, and this accounts for
their double-banded patterns. Our finding of a Cys residue in the Pa protein
supports previous chemical and electrophoretic evidence that the Pa protein
contains Cys and is disulfide bonded (Azen 1977, 1978; Goodman et al. 1985) as
a dimer under nonreducing conditions in several electrophoretic-gel systems
(Azen 1977, 1978; Azen and Denniston 1981). We found amino acid substitu-
tions that could cause charge and subsequent electrophoretic-mobility differ-
ences among these proteins. Thus, the Db protein (with a Lys at residue 95 in
the extra repeat) has one more positively charged amino acid than the PIF
protein. Since Cys is substituted for Arg at residue 103 in the Pa protein, it, in
turn, has one less positively charged amino acid than the PIF protein. The
Leu-Ile substitution at residue 26 in the PIF protein does not alter its overall
charge. These amino acid substitutions adequately explain electrophoretic dif-
ferences in isoelectric-focusing polyacrylamide gels, since it has been shown
elsewhere (Azen and Denniston 1981) that the slow Db protein is the most basic
and that the slow PIF and Pa proteins are less basic in the order given (Db >
PIF > Pa).

In exon 3, the Pa and PIF alleles have five and the Db allele has six tandem
HaeIII-type repeats that are obviously related but vary slightly in sequence and
length within each allele. To interpret the overall length difference between
alleles, we have arbitrarily arranged the first three of the six repeats of the Db
allele to maximize identity (fig. 4A). The extra repeat (labeled 2-1) can be
interpreted as a composite of the second and first repeats. Thus, the 5' 21-
nucleotide portion of the extra repeat is identical to that of the second repeat
but different from that of the first repeat. In contrast, the 3' 28-nucleotide
portion of the extra repeat is identical to that of the first repeat but different
from that of the second repeat. Between these two regions is a 14-nucleotide
region (boxed in fig. 4A) that is identical in the three repeats. Thus a change
occurred, leading to an extra 63-bp repeat in the Db allele.
We believe it likely that this extra repeat was generated either by slippage

during DNA replication (fig. 4B) or by homologous recombination between
sister chromatids or chromosomes at the PRH1 locus (fig. 4C). Homologous
recombination has also been responsible for frequent insertion/deletion-type
rearrangements in BstNI-type genes (Azen et al. 1984; Lyons et al. 1985).
These rearrangements are more frequent in BstI-type than in HaeIII-type
genes, possibly owing to a larger number (as many as 13) of tandem repeats in
exon 3 of the former compared with the number in the latter (five or six repeats)
(Maeda et al. 1985). We have not identified insertion/deletion-type rearrange-
ments in the HaeIII-type PRH2 gene that codes for acidic Pr proteins. The PrI
and Pr2 allelic proteins (products of the PRH2 locus) are of the same length but
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FIG. 4.-Interpretation and possible explanations for generation of the extra repeat in the Db

allele. A, The first three of the six repeats of the Db allele are arranged to optimize homologies. The
extra repeat (labeled 2-1) can be interpreted as a composite of the second and first repeats. The
boxed portion is identical for the three repeats. B, Generation of an extra repeat by means of
slippage during DNA replication. C, Generation of an extra repeat by means of homologous
recombination between sister chromatids or chromosomes at the PRHI locus.

have a presumed charge difference. In recent unpublished studies, we gel-
purified another allelic protein produced by PRH2, the Prl' protein found
primarily in blacks (Azen and Denniston 1974), and compared its size with that
of the Prl protein by means of SDS gel electrophoresis. We found the Prl'
protein to be the same size as the PrI protein; therefore, the electrophoretic
difference between the Pri' and PrI proteins in nondenaturing polyacrylamide-
gel systems (Azen and Denniston 1974, 1981; Azen 1978) is more likely to be
due to a charge difference than to a size difference.
Only a limited statement can be made regarding the possible evolutionary

interrelationships of the PRH1 alleles. When DNA sequences are compared
and the number of single-nucleotide differences are considered (see fig. 1), Db
and Pa alleles seem more closely related to each other than is Db to PIF or Pa
to PIF. Thus, Db and Pa alleles may have diverged more recently from a
common precursor than did the PIF allele from its precursor.

Several possible biologic functions reviewed by Bennick (1982) were else-
where suggested for acidic PRPs. The acidic PRPs bind calcium at two phos-
phoserine residues, located in the PRPs' N-terminal portions, that mediate
their adsorption onto apatitic surfaces; they also inhibit precipitation of sali-
vary calcium and stabilize the supersaturated state with respect to the calcium
phosphate salts that form dental enamel. These functions may be important in
maintaining the protective and reparative environment for dental enamel and in
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promoting dental health. Since the overall structures of the PRHl and PRH2
acidic proteins are extremely similar (Maeda et al. 1985), it is likely that they
share the functional properties described above. The Cys substitution in the Pa
protein may have added functional significance, since it has elsewhere been
shown (Azen 1977) that individuals possessing the Pa protein also have a
modified form of salivary lactoperoxidase owing to probable disulfide bonding
between the Pa protein monomer and lactoperoxidase. This observation may
be clinically relevant, since recent epidemiologic evidence links the presence of
the Pa protein in saliva to an increased occurrence of dental caries in children
(Yu et al. 1986). This association may be biologically meaningful, since
lactoperoxidase is part of an important antibacterial system in saliva that may
relate to caries development (Hoogendoorn 1985).
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