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ABSTRACT From a A phage gene library we have isolated
phage containing the gene encoding human preproparathyroid
hormone. The phage were isolated by using both the plaque-hy-
bridization technique and the in vivo recombination-selection
technique. The human preproparathyroid hormone gene contains
two intervening sequences that separate the gene into a 5' non-
coding domain, a "prepro" sequence domain, and a domain con-
taining the parathyroid hormone sequence and the 3' noncoding
region. The gene is approximately 4,200 base pairs long. Restric-
tion endonuclease analysis of human leukocyte DNA shows that
the haploid human-genome contains one copy of the prepropar-
athyroid hormone gene. A 14-base-pair sequence of alternating
purines and pyrimidines that has the potential of adopting the Z-
DNA conformation lies 134 base pairs upstream from the pre-
sumed site of initiation of transcription.

Parathyroid hormone (PTH) is the principal homeostatic reg-
ulator of blood calcium, and, in turn, the secretion of PTH is
closely regulated by the blood level of calcium. While the reg-
ulation of secretion of PTH has been studied extensively, the
regulation of the synthesis of PTH has received comparatively
little attention. We (1) and others (2, 3) have cloned cDNA en-
coding bovine PTH. More recently, we have cloned cDNA en-
coding human PTH as well (4). Here we describe the isolation
and DNA sequence analysis of genomic DNA encoding human
PTH. The human PTH gene contains two intervening se-
quences that separate the mRNA sequence into three functional
domains. DNA blotting experiments show that the haploid hu-
man genome contains only one PTH gene.

METHODS
Screening a A Phage Library. A human gene library in phage

Charon 4A, derived from fetal liver, was provided by T. Man-
iatis (5). The library was first screened by the procedure of Ben-
ton and Davis (6), using plasmid pPTHm113 (4) containing hu-
man PTH cDNA as a nick-translated (7) probe. The library was
subsequently screened by the method of Seed (8). Plasmid DNA
was isolated from Escherichia coli strain W3110r m+(p3)(irVX)
by an alkaline miniprep procedure (9), the DNA was electro-
phoresed- through a 0.7% agarose gel, and the irVX plasmid was
isolated from the gel. By using phage T4 DNA ligase, the Bgl
II/Xba I fragment from pPTHm122 (4) was inserted into the
corresponding sites on the irVX plasmid. The resultant plasmid,
irVX-PTH, containing the PTH cDNA linked to the selectable
marker supF, was introduced into E. coli strain W3110r-m+ (p3).
One million library phage were then amplified on one plate of
the resultant strain W3110r-m+(p3)(QrVX-PTH). Then 5 X 108
of the resultant phage were grown on one plate of strain
W3110r-m+ Su-, a strain containing no amber suppressor tRNA
gene. Growth of Charon 4A phage on E. coli W3110r-m+ Su-

selected for phage that had incorporated the supF gene, en-
coding an amber suppressor tRNA, from the irVX-PTH plas-
mid. All work with organisms containing recombinantDNAwas
performed in a PI physical containment facility according to the
then current guidelines of the National Institutes of Health.

Subcloning PTH Gene Fragments. Fragments of DNA gen-
erated by restriction enzyme digestion ofAhPTH1 and AhPTH2
were subcloned in plasmid pBR322, after blot-hybridization
analysis (10) was used to determine which fragments contained
portions of the PTH gene. Fragments resulting from cleavage
with one restriction endonuclease were ligated to DNA from
plasmid pBR322 that had been cleaved with the same enzyme
and treated with calf intestinal alkaline phosphatase to prevent
intramolecular religation. Fragments resulting from cleavage
with two restriction endonucleases were ligated with the ap-
propriate fragment of DNA from pBR322, which had also been
cleaved with those enzymes. DNA fragments were isolated from
agarose gels by using glass powder to bind the DNA (11) and
were ligated by using T4 DNA ligase.
DNA Sequence Analysis. All DNA sequences were deter-

mined by the chemical method of Maxam and Gilbert (12). DNA
was end-labeled either with polynucleotide kinase or with the
large fragment of DNA polymerase I.

Blot-Hybridization of Uncloned Human DNA. DNA was iso-
lated from blood leukocytes from 50 ml of blood from a normal
volunteer (13). DNA was digested to completion with 10-fold
excess enzyme, according to suppliers' protocols. Completion
of the digestions was assayed by the addition of small amounts of
an appropriate plasmid to an aliquot of the reaction and electro-
phoretic analysis ofthe products ofdigestion ofthe aliquot. Then
10 ugofdigestedDNAwas electrophoresed through a 1.0% agar-
ose gel and transferred to nitrocellulose. Hybridization was
performed according to a dextran sulfate protocol (14), using pu-
rified PTH cDNA fragments as probes. Nick-translation was
performed with all four a-32P-labeled deoxyribonucleoside tri-
phosphates; the resultant DNA contained 108 cpm/;kg. The in-
tensities ofautoradiographic bands were measured with aJoyce-
Loebl microdensitometer. Calculations of the number of copies
of the PTH gene in the human genome used 3.3 x 109 base
pairs (bp) as the size of the haploid human genome (15), 44,000
bp as the size of AhPTH1, and 43,000 bp as the size of AhPTH2.

RESULTS
Isolation of A Phage Containing the Human PTH Gene.

We first screened a human fetal liver genomic DNA library
constructed in phage Charon 4A by Lawn et al. (5). We used
the plaque-hybridization method, with nick-translated plas-
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mids pPTHm113 and pPTHml22 (4) as probes. Only one
plaque, AhPTH1, was positive. A partial physical map of
AhPTH1 was constructed by performing blot-hybridization
analysis of AhPTH1 DNA cleaved with a variety of restriction
endonucleases and probed with specific DNA fragments from
pPTHml22. This analysis demonstrated that AhPTH1 con-
tained the PTH gene's coding region and 3' noncoding region
but that the 5' noncoding region was missing from the phage.
We chose to rescreen the A phage library by using the re-

combination-selection method of Seed (8). We isolated from
pPTHm122 the 288-bp Bgl II/Xba I fragment, which contains
the PTH coding sequence and part of the mRNA's 3' noncod-
ing region. This fragment was inserted into the plasmid vVX,
using the Bgl II and Xba I sites in the "polylinker" region of
that plasmid. Following Seed's protocol, we passed 106 phage
from the gene library through E. coli strain W3110r-m+(p3)
that had been transfected with irVX-PTH. Then 5 X 108 of the
resultant phage were plated on E. coli W3110r-m' Su- cells,
which do not contain an amber suppressor tRNA gene and
therefore do not allow the production of Charon 4A phage. Sixty
plaques survived that selection. Six of the 60 plaques were
screened by restriction enzyme digestion analysis and found to
be identical. One plaque, AhPTH2, from among these 6 was
chosen for further analysis. Digestion of AhPTH2 DNA with re-
striction endonucleases and subsequent blot-hybridization ex-
periments using fragments of pPTHml22 as probes demon-
strated that AhPTH2 contained the entire human PTH gene with
the rVX-PTH plasmid inserted, as expected, into the region
between the Bgl II and Xba I sites used in constructing 7rVX-
PTH (Fig. 1).
Examination of the Human PTH Gene in Uncloned DNA.

In order to verify that the two A phage that we had isolated con-
tained the normal human PTH gene free of artifactual rear-
rangements introduced during cloning, we compared the sizes
ofDNA fragments generated by restriction endonuclease diges-
tion of human leukocyte genomic DNA with the sizes of cor-
responding fragments from AhPTH1 and AhPTH2. After agar-

pPTH KI

pPTH I

pPTH g107

pPTH 2105-
PH2-

ose gel electrophoresis and transfer to nitrocellulose, DNA
fragments were hybridized with probes specific for either the
5' end or the 3' end of the human PTH gene. We used the 2,150-
bp HindIII fragment which includes the first exon and part of
IVS1 from pPTHg1O5 (see Fig. 1) as the 5'-specific probe. An
800-bp Hpa II fragment of pPTHm122 (4) was used as a 3'-spe-
cific probe. This fragment contains 100 bp of pBR322 as well as
547 bp of DNA corresponding to the second exon and part of
the third exon. It also contains 49 bp at the end of the first exon;
this short sequence does not form detectable hybrids under the
conditions of hybridization used here. Fig. 2 demonstrates the
comigration of the resultant radioactive fragments from the A
phage and leukocyte DNA. Further, because no unexpected
bands appeared in the lanes containing leukocyte DNA, the re-
sults suggest that the human PTH gene is represented just once
in the haploid human genome. To confirm this suggestion, we
measured the intensities of the PTH-specific bands on the au-
toradiograms and compared them with the intensities of the bands
generated from known amounts of DNA from AhPTH1 and
AhPTH2. With the 5'-specific PTH probe, this analysis yielded
1.0 PTH gene per haploid genome; with the 3'-specific PTH
probe, the result was 0.6 PTH gene per haploid genome.
DNA Sequence Analysis of the Human PTH Gene. Restric-

tion endonuclease analysis and gene blotting experiments sug-
gested that two intervening DNA sequences interrupted the
PTH gene, one approximately 3,400 bp in length, and the other
one about 100 bp in length. We determined the entire sequence
of the gene, excluding the sequence of the internal portion of
the first intervening sequence, and, in addition, determined the
sequence of several hundred base pairs of DNA flanking the
PTH gene. Fig. 1 illustrates the restriction enzyme map of frag-
ments of AhPTHl and AhPTH2 subcloned in pBR322 to facil-
itate sequence analysis, and also indicates the sequencing strat-
egy. Fig. 3 illustrates the DNA sequence.

DISCUSSION
DNA Sequence Data. Fig. I shows that most of the sequence

depicted in Fig. 3 was determined by analyzing both strands of
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FIG. 1. Physical map of the human PTH gene. Horizontal lines indicate the length of human DNA inserted into the indicated A phage and
plasmid subclones. The raised portion of AhPTH2 indicates the 1TVX-PTH insert. pPTHg1O1 and pPTHg1O2 were constructed by inserting the in-
dicated fragment of AhPTH1 into HindIII-cleaved pBR322. They differ only by their orientation in pBR322. pPTHglO5 and pPTHg1O7 were con-
structed by inserting the indicated fragments of AhPTH2 into BamHI-cleaved and EcoRI-cleaved pBR322. Restriction enzyme maps of the human
portions of pPTHg1O1 and pPTHg1O5 are indicated. The human PTH gene is indicated on the line "human genomicDNA" by the thick line; black
areas are exons, white areas are introns. More detailed and magnified copies of portions of the PTH gene are given-below the human genomicDNA
line. Arrows at the bottom of the figure indicate the DNA sequence analysis strategy. Open circles represent 5' ends of fragments labeled with
polynucleotide kinase. Closed circles represent 3' ends of fragments labeled with the large fragment ofDNA polymerase. Arrows show how far the
DNA sequence could be reliably read without reference to other data. The broken line at the end of AhPTH1 indicates that 9,000 bp have been deleted
from the figure for ease of presentation. A, Ava II; B, Bgi H; D, Dde I; E, EcoRI; F, Hinfl; H, HindIII; M, BamHI; P, Hpa I; X, Xba I.
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FIG. 2. Blot-hybridization analysis of human leukocyte DNA and cloned DNA. High molecular weight leukocyte DNA (L) and DNA from AhPTH1
(Al) and AhPTH2 (A2) were digested with a series of restriction endonucleases (E, EcoRI; H, HindIl; V, Pvu II; S, Sst I; B, Bgl I) and applied to
wells as indicated in the figure. Wells 1-7 were probed with the 5'-specific probe; wells 8-18 were probed with the 3'-specific probe. Ten micrograms
of leukocyte DNA or 300 pg of phage DNA was applied to each well except for the following wells: wells 3 and 12, 10 ug of leukocyte DNA plus
150 pg of phage DNA; wells 4 and 13, 150 pg of phage DNA; wells 6 and 15, 450 pg of phage DNA.

plasmid DNA and that the ordering of fragments generated by
cleavage with restriction endonucleases was confirmed by se-

quencing across cleavage sites. The sequence of the human PTH
mRNA predicted by analysis of the cloned genomic DNA con-
firms without exception the sequence determined from analysis
of five cDNA clones (4). We are thus quite confident of the ac-
curacy of the AUG sequence found in the 5' noncoding region
of the mRNA sequence, for example. Further, the genomic DNA
sequence confirms the sequence of the region encoding human
preproPTH. This sequence, derived from a presumably normal
fetal liver, allows us to deduce the human PTH sequence from
an individual with no parathyroid gland disease. [Both the pre-
viously determined protein sequences (16) and cDNA sequence
(4) were derived from parathyroid tumor materials.] As ex-

pected, we can conclude that patients with hyperparathyroid-
ism make a structurally normal parathyroid hormone.
We have not determined the start point of PTH gene tran-

scription either by using an in vitro transcription system or by
analyzing the far 5' terminus of the human PTH mRNA. Con-
sequently, the assignment of the transcription start site at nu-

cleotide -3,566 in Fig, 3 is only an approximation based on three
considerations: (i) The bovine PTH mRNA, whose 5' noncoding
region closely resembles the 5' noncoding region of the human
mRNA, begins at three tightly clustered A residues (corre-
sponding to nucleotides -3,568, -3,566, and -3,561 of the
human gene) as determined from reverse transcription of mRNA
by Weaver et al. (3). (ii) Nucleotide -3,566 is 29 nucleotides
from the sequence T-A-T-A-T-A, commonly found 27-31 nu-

cleotides from transcription start sites (17). (iii) Transcription
usually starts with an A (17), thus making nucleotide -3,568,
a G residue in the human sequence, a less likely start site.

Organization of Intervening Sequences in the Human PTH
Gene. By comparing the sequence ofhuman PTH cDNA (4) and
the sequence ofhuman PTH genomic DNA, we can deduce the
location of two intervening DNA sequences interrupting the

PTH gene. The first is approximately 3,400 bp long and inter-
rupts the 5' noncoding region of the mRNA five nucleotides be-
fore the start of the coding region. The second intervening se-
quence is 103 bp long and comes between the second and third
nucleotide encoding lysine-29 of the prepro-PTH molecule. Be-
cause of redundant sequences at the splice junctions, the exact
splice start and stop sites cannot be assigned unambiguously.
However, if we require that the splice donor and acceptor se-
quences follow the consensus sequence pattern of other donor
and acceptor sequences (17), then the junctions can be assigned
without ambiguity. In both introns the sequences of the donor
and acceptor junction closely follow the consensus sequence
predicted from previous analyses.
The first intervening sequence comes close to the end of the

5' noncoding region of the mRNA and therefore follows the pat-
tern noted by Gilbert (18), that intervening sequences often
separate mRNAs into functional domains. The exact location of
the intervening sequence is intriguing, because it comes pre-
cisely after the potential AUG codon in the 5' noncoding region
of the mRNA. Aftqr removal of the intervening sequence, the
AUG is then followed by a UGA termination codon in the mRNA.
The location of the AUG just before the start of the intervening
sequence raises the possibility that alternative splicing patterns
might allow the AUG to direct the synthesis of a second protein
encoded by another nucleotide sequence. The first intervening
sequence contains an in-frame termination codon only 15 co-
dons after the AUG; therefore, an unspliced RNA could not use
the AUG effectively. The possibility remains that the splice do-
nor sequence could ligate to more than one acceptor sequence,
however. Of course, the juxtaposition of the unusual 5' non-

codingAUG and the intervening sequence may be coincidental.
The bovine PTH mRNA has the sequence GUG instead ofAUG
in the 5' noncoding sequence (1, 3), suggesting that the 5' non-

coding AUG is not of vital significance. On the other hand, it
is striking that two of the other rare cases of mRNAs with 5'

17 18

Al Al

Biochemistry: Vasicek et aL

*.



2130 Biochemistry: Vasicek et al Proc. NatL Acad. Sci. USA 80 (1983)

-3840

gattcattaatccacatagaatttttctcgatggtataattctgtatttgttaaaagtctttgcataagcoccttgtcaagccaaatgctgttttccttttagtatccaattatctgsaa

-3720

c ttaagaagagtgtgcaccgcccaatgggtgtgtgtatgtgctgc tttgaacctatagttgagatccagagaattgggagtgacatcatctgtaacaatsaaaagagcctctcttggtaag

-3600

ca ga aga cc ta ta t a ta aaag tcacc a tt taaggggt c tgcAGTCCAATTCATCAGTTGTCTTTAGTTTACTCAGCATCAGCTACTAACATAeCCTGAACGAUGATCTTGTTCTAAGAC/iT

-3480

TGTATGgtaagtaaacttaaaaasttcacttctgaatctcatgagattttgataatcaagttattatttaatgtgtaccatttctacaaataccatgttgtttcttcaaggtaaaatgcta

-3360 IVS 1
IS APPROXIMATELY

agaagtttgagttatgtttaatataasatgccacatacaaaaataa--- 3400 BASE PAIRS LONG ---aagcttctcgtgaaaaccaacccaattagttagtattgcattct

-60

gtgtactatagtttggaatattaaaaatattttaaaatacctccattttgcttatccttttagTGAAG ATG ATA CCT GCA AAA GAC ATG GCT AM GTT ATG ATT GTC
Mlet lie Pro Ala Lys Asp Met Ala Lys Val Mlet Ile Val

40

ATG T'G GCA ATE TGT TiT CT! ACA MA TCG GAT GGG AAA TCT GTT AA gtaagtactgttttgccttggaattggatttttaatgttgactttatcatttcgaag
Met Leu Ala Ile Cys Phe Leu Thr Lys Ser Asp Gly Lys Ser Val Lys

150

tggggagctsatgggaagtggccctctctgtttctcttcttcccagG AAG AGA TCT GTG AGT GM ATA CAG CTT ATG CAT MC CTG GGA AAA CAT CTG MC
Lys Arg Ser Val Ser Glu Ile Gin Leu Mlet His Asn Leu Gly Lys His Leu Asn

250

TCG ATG GAG AGA GTA GM TGG CTG CGT MG MG ClT CAG GAT GTG CAC MAT T!' GTT GCC CTT GGA GCT CCT CTA GCT CCC AGA GAT GCT
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val His Asn Phe Vai Ala Leu Gly Ais Pro Leu Ais Pro Arg Asp Aia

340

GGT TCC CAG AGG CCC CGA AM MG GM GAC MT GTC TEG GTT GAG AGC CAT GM MA AGT CTT GGA GAG GCA GAC AM GCT GAT GIG MT
Gly Ser Gin Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Glu Lys Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asn

430

GTA TEA ACT MA GCT MA TCC CAG TGA AATGAAACAGATATTGTCAGAGTTCTGCTCTAGACAGITTAGGGCMCMTACATGCTGCTAATTCAMAGCTCTATTAAGAT
Val Leu Thr Lys Ala Lys Ser Gin ***

540

ITlCCAGT'GCCAATATTTCTGATATAACAAACTACATGTAATCCATCACTAGCCATGATAACITCAAMT AATTGATTATTCT'GATTCCA ~mAITCATzMAGTTATUTTTTTAT

660

CTTMlCTAn'TTGT=AITCwTIAAAGTATGTTATTGCATAMT1rATAAAAGATAAAATTGCACITTTAAACCTCTCITCTACC~rAAATGTAAACAAAATGTAATGATCATAAGT

780

C'fAT&AATGAAG;TATITC'TCAC'TCAt tgcaagtatatctttttggttatcactgatacccacatgtttacattgatcatgacta~ggtagaacaatacaaagtatttttttagtcatgt

900

gtttcacattt ggatat tttgaacatcaacgt tt tagtattaccaaagtattaggtttccaaatcttcactagctcaatactgttgtccttttggtttcaggsaaaggaaatsaaaatgc tc

1020

agcaaaaaaagggggcataaaagtggacc

FIG. 3. DNA sequence of the human PTH gene. Nucleotides found in mature messenger RNA are capitalized; nucleotides in flanking and in-
terveningDNA sequences are in lower case. Because of uncertainty about the start site of transcription and the exact length of the first intervening
sequence, the first nucleotide of the coding region is designated nucleotide 1. The amino acid sequence of human preproPTH is indicated.

noncoding AUGs-rat liver and salivary gland amylase mRNAs- preproPTH's "pro" sequence. PreproPTH contains 115 amino
both have intervening sequences starting immediately after the acids-a typical 25-amino-acid signal or "pre" sequence is fol-
5' noncoding AUGs (19). In each case, in the mature mRNA, the lowed by the 6-amino-acid "pro" sequence, Lys-Ser-Val-Lys-Lys-
AUG is followed by the potential codon AAA and then by the Arg, and then by the 84-amino acid hormone, PTH. The func-
termination codon UAA. Further experiments will be required tion of the "pro" sequence is unknown (see ref. 20 for discus-
to evaluate the functional implications of these coincidental sion). Presumably the two basic residues, Lys-Arg, which are
findings. analogous to the two basic residues at the ends of most "pro"

The PTH gene's second intervening sequence interrupts sequences, direct a peptidase to cleave the "pro" sequence from
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PTH. Comparison of the "pro" sequences of the pro-PTH mol-
ecules from several species reveals that none of the first four
amino acids of the "pro" sequences is conserved; in contrast, the
last two residues are always Lys-Arg (21). The human PTH gene's
second intervening sequence, then, separates the "pre" se-
quence and the variable portion of the "pro" sequence from the
basic residues Lys-Arg and the PTH sequence. According to
Gilbert's hypothesis, through evolutionary time, the PTH se-
quence carries with it the two basic residues required for cleav-
age of the hormone sequence from any peptide to which splic-
ing events might fuse it.
Number of PTH Genes. Comparison of the sizes of DNA

fragments generated by restriction enzyme digestion of un-
cloned human DNA and DNA from AhPTH1 and AhPTH2 sug-
gests that major rearrangements did not occur during the clon-
ing. Two kinds of data suggest that there is only one PTH gene
in the human haploid genome. First, the blots of enzyme di-
gests of uncloned DNA contain only bands predicted by the maps
of APTH1 and AhPTH2. These blots contain fragments gen-
erated by several restriction enzymes and probes covering both
the far 5' and 3' ends of the gene. These results strongly suggest
that the human genome contains only one PTH gene, but they
cannot eliminate the possibility that the DNA sequences flank-
ing multiple human PTH genes are tightly conserved in the ge-
nome, resulting in identical physical maps of the multiple PTH
genes. This possibility is eliminated by the second, quantita-
tive, experiment, in which we measured in uncloned DNA the
amount of DNA recognized by PTH-specific probes. By com-
paring the intensity of autoradiographic bands in DNA blots of
uncloned genomic DNA and known amounts of cloned DNA,
we could conclude that the genomic bands had the intensities
predicted if the PTH gene is a unique gene. In a control well,
we mixed together cloned and uncloned DNA and found that
the resultant band after blotting had the intensity predicted by
simple addition of the intensities associated with each of the
DNAs. This result shows that the several micrograms of un-
related DNA in the wells containing uncloned DNA did not in-
terfere with the electrophoresis, blot-transfer, or hybridization
of the PTH DNA. Because these blots were hybridized under
stringent conditions, we cannot eliminate the possibility that
the human genome contains PTH-like genes so different from
the PTH gene that they could not be recognized by PTH gene
probes.

Potential Z-DNA Structure. The existence of a 14-bp seg-
ment of alternating purines and pyrimidines (-3,699 to -3,686)
134 bp upstream from the presumed site of initiation raises many
interesting questions regarding the possible role of left-handed
Z-DNA in the regulation ofhuman PTH transcription. Negative
supercoiling is the major driving force for stabilizing segments
of left-handed Z-DNA. Nordheim et al. (22) have recently shown
that antibody to Z-DNA binds to a 14-bp sequence of alternat-
ing purines and pyrimidines with one base pair out of alter-
nation, when the sequence in the plasmid pBR322 is negatively
supercoiled in the physiological range. The alternating se-
quence found near human PFfH is 14 bp in length; however, it
is part of an 18-bp segment of alternating purines and pyrim-
idines with one base pair out of alternation. It is thus longer than
the segment that has been observed to form Z-DNA in the plas-
mid pBR322. The sequence near the PTH gene is largely of the
type (dC-dA),.(dG-dT)n, and DNA segments of this type have
been found to form Z-DNA at levels of negative supercoiling
that are within the physiological range (23). Hamada et al. (24)
have shown that longer sequences of the type (dC-dA),,(dG-dT),
are widely dispersed through the eukaryotic genome in a num-
ber of species. In their assay they determined that there were
over 50,000 copies of this type, 50 bp or greater in length, in
the human genome.

Recently a number of proteins have been found in the nuclei
of Drosophila cells that have the ability to bind specifically to
left-handed Z-DNA but not to right-handed B-DNA (25). These
proteins were found to have the property of stabilizing the Z-
DNA conformation, and in particular were shown to bind to
negatively supercoiled plasmids containing the sequence (dC-
dA).(dG-dT)n. It is reasonable to believe that similar Z-DNA
binding proteins exist in human cells. These proteins may be
able to stabilize the Z-DNA conformation in the nucleotide se-
quence 134 bp from the presumed site of transcription initiation
of the PFfH gene. At the present time we do not know what the
effects would be of having Z-DNA binding protein attached to
a segment of Z-DNA at this site. If we postulate that the Z-DNA
binding proteins bind tightly to this site, and if this site is in the
promoter region, the proteins could block the attachment of RNA
polymerase and decrease the level of transcription. Alterna-
tively, if such proteins were readily released from this Z-DNA
binding site and the local region of Z-DNA converted to one of
B-DNA, the release would enhance the negative superhelical
density in that region, which, in turn, might promote the level
of RNA polymerase binding. Further experimentation is nec-
essary to show whether this region on the 5' side of the PTH
gene plays any role in the regulation of gene expression.

We thank Mary Douvadjian for secretarial help. This work was sup-
ported by National Institutes of Health Grants AM 21529 and AM 11794.
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