Rat Insulin Genes:

Reports

Construction of Plasmids Containing the Coding Sequences

Abstract. Recombinant bacterial plasmids have been constructed that contain
complementary DNA prepared from rat islets of Langerhans messenger RNA. Three
plasmids contain cloned sequences representing the complete coding region of rat
proinsulin 1, part of the preproinsulin I prepeptide, and the untranslated 3' terminal
region of the mRNA. A fourth plasmid contains sequences derived from the A chain

region of rat preproinsulin 1.

In the 55 years since the first isolation
of insulin (/), enormous progress has
been made in understanding the role of
this hormone in normal glucose homeo-
stasis and in diabetes. Little is known,
however, about the control of insulin
gene expression in normal and pathologi-
cal states. Although insulin is composed
of two polypeptide chains (A and B), it is
the product of a single gene. The imme-
diate precursor of insulin is a single poly-
peptide, termed proinsulin, that contains
the two insulin chains A and B con-
nected by another peptide, C 2). Re-
cently it has been reported that the initial
translation product of insulin messenger
RNA (mRNA) is not proinsulin itself,
but (another precursor preproinsulin)
that contains more than 20 additional
amino acids on the amino terminus of
proinsulin (3). Thus, the structure of the
preproinsulin molecule can be represent-
ed schematically as NH,—(prepeptide)}-B
chain—(C peptide)-A chain~-COOH.

To determine the structure of the in-
sulin gene and to study its regulation in
normal and pathological states, as well
as to investigate the possibility of the
synthesis of insulin in an alternate bio-
logical system such as bacteria, we have
isolated the coding region of the insulin
gene by cloning in bacterial plasmids the
complementary DNA (cDNA) synthe-
sized in vitro from rat insulin mRNA.
We describe here the construction of

Fig. 1. Schematic diagram for insertion of
cDNA into bacterial plasmids with the use of
chemically synthesized restriction site link-
ers. The asterisks in the recombinant plasmid
indicate the position where a phosphodiester
bond has not formed because of the absence
of a §’' terminal phosphate. The example
shown here is for the Hind III decanucleo-
tide. In certain cases the Eco RI octanucleo-
tide (5)TGAATTCA(3’) was used; in these
cases insertion was made into the Eco RI site
of the plasmid.
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these plasmids, and the nucleotide se-
quence of the cloned DNA. The data
show that the plasmids contain the cod-
ing region for most of the translated por-
tion of the gene for rat insulin I and the
segment coding for the A chain of rat in-
sulin 11 ().

The general scheme used for the isola-
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tion of bacterial plasmids containing nu-
cleotide sequences coding for rat pre-
proinsulin is illustrated in Fig. 1, and is
described below.

Isolation of cDNA complementary to
rat islet mRNA . The isolation of insulin
mRNA is complicated by the low pro-
portion of the endocrine B cells (which
produce insulin) in the pancreas and the
high levels of ribonuclease in the domi-
nant acinar cells. These problems have
been circumvented by adapting proce-
dures for the relatively large scale isola-
tion of islets of Langerhans (5) (in which
the majority of the cells are B cells) from
the rat pancreas, and by using a method
that allows the extraction of intact,
translatable mRNA from sources rich in
ribonuclease (6).

Polyadenylated RNA was isolated by
chromatography of the total RN A prepa-
ration on oligodoxythymidylate-cellu-
lose and transcribed into cDNA with the
use of avian myeloblastosis virus (AMV)
reverse transcriptase and dTy,_ 5 as prim-
er (7), and the RNA removed from the
mRNA-cDNA hybrid by alkali treat-
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Fig. 2. Analysis of complementary DNA
(cDNA) derived from total rat islet of Langer- 1
hans mRNA. Avian myeloblastosis virus
(AMYV) reverse transcriptase (provided by D.
J. Beard, Life Sciences, Inc., St. Petersburg,
Florida) was used to transcribe total polyad-
enylated RNA from rat islets of Langerhans
into cDNA (7). The reactions were carried out
in SO mM tris-HCI, pH 8.3, 9 mM MgCl,, 30
mM NaCl, 20 mM B-mercaptoethanol, | mM
unlabeled deoxyribonucleoside triphosphates,
250 uM a-*P-labeled nucleoside triphosphate
(specific activity: 50 to 200 ¢/mole) (each reac-
tion contains three different unlabeled and one
labeled triphosphates), 20 ug of oligo(dT,,_s)
(Collaborative Research) per milliliter, 100 ug
of polyadenylated RNA per milliter, and 220
units of reverse transcriptase per milliliter.
The mixture was incubated at 45°C for 15 min-
utes. After addition of the disodium salt of |
EDTA (EDTA-Na,) to a concentration of 25
mmole/liter, the solution was extracted with

an equal volume of water-saturated phenol, £

followed by chromatography of the aqueous

phase on a Sephadex G-100 column (0.3 by 10 cm) in 10 mM tris-HCI, pH 9, 100 mM NaCl,
2 mM EDTA. Nucleic acid eluted in the void volume was precipitated with ethanol after addi-
tion of ammonium acetate, pH 6.0, to a concentration of 0.25M. After centrifugation, the pellet
was dissolved in 50 ul of 0.1M NaOH (freshly prepared) and the RNA was hydrolyzed at 70°C
for 20 minutes. Sodium acetate (1M, pH 4.5) was added for neutralization, and the 3*P-labeled
cDNA was precipitated with ethanol and dissolved in water. This cDNA was S to 8 percent
resistant to digestion by S1 nuclease at 45°C (/3). Synthesis of the second strand was performed
in 50 mM tris-HCI, pH 8.3, 9 mM MgCl,, 10 mM dithiothreitol, S00 M each of the three unla-
beled deoxyribonucleoside triphosphates, 100 uM a-32P-labeled deoxynucleoside triphosphate
(specific activity: 1 to 10 ¢/mmole), 50 ug of cDNA per milliliter, and 220 units of reverse tran-
scriptase per milliliter at 45°C for 120 minutes. The reaction was stopped by addition of EDTA-
Na, to a concentration of 25 mM; the mixture was extracted with phenol and subjected to
chromatbgraphy on Sephadex G-100, and the nucleic acids were precipitated by ethanol. Por-
tions (5,000 to 10,000 count/min) of single- or double-stranded cDNA were digested with an
excess of restriction endonuclease Hae III (9) and analyzed by electrophoresis on polyacryla-
mide slab gels (8). The gels were dried, and the 3P-labeled DNA was detected by autoradio-
graphy with the use of Kodak No-Screen (NS-2T) film. (A) Lane 1, total single-stranded cDNA
transcribed from mRNA isolated from islets of Langerhans from the rat pancreas; lane 2, Hae
IIT cleavage pattern of this cDNA; and lane 3, single-stranded Hae III fragments of M13
DNA. (B) Lane 1, double-stranded ¢cDNA from mRNA isolated from islets of Langerhans
from the rat pancreas; and lane 2, Hae III fragments of this cDNA. Sizes were determined with
unlabeled Hae III fragments of SV40 DNA as markers (28).

A B

ment. This cDNA was heterodisperse, as
judged by polyacrylamide gel electro-
phoresis (8). It contained at least one
predominant cDNA species of about 450
nucleotides (Fig. 2A, lane 1), which gave
rise to two prominent bands on cleavage
with the restriction endonuclease
Hae III (Fig. 2A, lane 2) (9). The single-
stranded cDNA was converted to the
double-stranded form with AMYV reverse
transcriptase, labeled deoxynucleoside
triphosphates, and the self-priming abili-
ty of single-stranded cDNA (see Fig. 1)
(7). The product of this reaction is
known to consist of a long hairpin loop
structure (/0). Digestion of this DNA
(Fig. 2B, lane 1) by Hae III restriction
endonuclease gave fragments (Fig. 2B,
lane 2) corresponding to those obtained
by digestion of the single-stranded
cDNA. It seemed likely that the Hae III
fragments were derived from insulin
cDNA because of their prominence in
the total cDNA preparation. Therefore,
these fragments as well as the complete
cDNA preparations were used in the
cloning experiments.

Molecular cloning of c¢cDNA frag-
ments. We have developed an improved
method of cloning cDNA into bacterial
plasmids that involves the ligation of
chemically synthesized restriction site
linkers to cDNA and then cleavage with
the appropriate restriction endonuclease
to produce cDNA molecules with cohe-
sive termini for ligation to similarly
cleaved plasmid DNA. This approach, il-
lustrated in Fig. 1, was first used for the

Fig. 3. Blunt-end ligation of Hind III decanucleotide linkers to rat islet

cDNA. Double-stranded ¢cDNA (2 to S ug/ml) was treated with 30

units of Sl nuclease (1200 units per milliliter; Miles) in 0.03M sodium
acetate, pH 4.6, 0.3M NaCl, 4.5 mM ZnCl, at 22°C for 30 minutes
followed by 15 minuters at 10°C. Addition of tris base to 0.1M, EDTA

to 25 mM, and Escherichia coli transfer RNA to 50 ug/ml was used to

. “ —180

III fragments (28).

stop the digestion. After phenol extraction of the reaction mixture and
Sephadex G-100 chromatography, the excluded 3!P-labeled cDNA
was precipitated with ethanol. This treatment results in a high yield of
cDNA molecules with base-paired ends necessary for the blunt-end
ligation to chemically synthesized decanucleotides. Double-stranded
c¢DNA that was not treated with Sl nuclease but fragmented by Hae
IHl endonuclease to generate blunt-ended fragments (9) was also ligat-
ed as follows. Ligation of Hind III decamers to cDNA was carried out
by incubation at 14°C in 66 mM tris-HCIl, pH 7.6, 6.6 mM MgCl,,
I mM ATP, 10 mM dithiothreitol mM, 3 uM 5’-3*P-labeled Hind III
decamers (10®* count/min per picomole), and T4 DNA ligase (~ 500
units per milliliter) for 1 hour. The reaction mixture was then heated
to 65°C for S minutes to inactivate the ligase; KCl (to 50 mM), 8-
mercaptoethanol (to 1 mM), and EDTA (to 0.1 mM) were then added,
and the mixture was digested with 150 units of Hind III endonuclease
per milliliter for 2 hours at 37°C. (A) Lanes 1 and 2, Hind III decamer
ligation to total cDNA derived from rat islets of Langerhans RNA
before (lane 2) and after (lanel) cleavage with Hind III endonu-
clease. (B) Lanes 1 and 2, Hind III decamer ligation without added
c¢DNA before (lane 1) and after (lane 2) Hind III endonuclease diges-
tion. Lanes 3 and 4, Hind III decamer ligation to Hae III fragments of
total cDNA derived from rat islets of Langerhans RNA before (lane 3)
and after (lane 4) Hind III endonuclease digestion. Autoradiograph
B has been enlarged in order to show ligation of multiple Hind III
decamers to the 180 base pair Hae I1I fragment. SV40 DNA digested
by Hae III has been used to determine the sizes of the cDNA Hae
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cloning of synthetic DNA fragments
(11) and makes use of the ability of T4
DNA ligase to catalyze the joining of
blunt-ended DNA molecules (12).

Since the double-stranded cDNA
molecules generated by self-priming of
the single strand are in the form of long
hairpin structures, it was first necessary
to remove the hairpin and any non-base-
paired regions, so that the final product
would be a perfectly base-paired duplex
DNA. This was achieved by digestion of
the double-stranded cDNA with the
single-strand specific nuclease Sl (13); it
was not necessary for the cloning of the
cDNA-Hae III fragments since Hae III
cleavage itself produces molecules with
base-paired ends (9). The ligation of
blunt-ended cDNA to an excess of the
Hind III  restriction site decamer
(5")CCAAGCTTGG(3') (14) is shown in
Fig. 3 (C, cytosine; A, adenine; G, gua-
nine; T, thymine). This decamer was
chosen since neither the major com-

Fig. 4. Restriction en-
donuclease analysis
of the isolated re-
combinant plasmids.
Crude plasmid prepa-
rations (2 to 5 ug)
were digested with
an excess of the ap-
propriate restriction
endonuclease (/9a).
EDTA-Na, (10 mM)
and sucrose (10 per-
cent final concentra-
tion) were then added,
and the mixture was
subjected to electro-
phoresis on an 8 per-
cent polyacrylamide
gel. Hind III digest of
pAU-1 (lane 1),
Eco RI digests of
pAU-2 (lane 2), pAU-
3 (lane 3), and pAU-4
(lane 4), respectively.
The stained material
at the bottom of lanes
2 and 3 is RNA that is
still present in the
crude extract.

Fig. 5. Autoradiogram of a sequence gel for
pAU-2. The 180 base pair DNA fragment re-
leased by Hind III digestion of pAU-2 was
isolated by electrophoresis in an 8 percent
polyacrylamide gel. After being stained with
ethidium bromide, the cloned DNA fragment
was excised and eluted electrophoretically.
After elution, the 5’ termini of the fragment
were labeled with [y-**P]ATP and polynucleo-
tide kinase (21). The terminally labeled DNA
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was then digested w:nth Alu I endonuclease (14) for 4, hours at 37°C, and the two labeled products were separated by electrophoresis in an 8
percent polyacrylamide gel. After elution from the gel, each of the DNA fragments was subjected to the base-specific chemical reactions de-
scribed by Maxam and Cnlbert @1). The products of each of the four reactions (G’, A’, T’, C’) were separated by electrophoresis in a 20 percent
wlydee gel containing 7M urea, and fragments labeled at the 5’ terminus were visualized by autoradiography. Identical samples from each
reaction were placed.on the gels and run for 36, 24, and 12 hours respectively, in the order 3 to 1. The nucleotide sequence of the larger fragment
generated b)f Alu I digestion can be read directly from the autoradiogram as shown on the left figure. The 5’ terminal pentanucleotide sequence
(5')CTTGG is derived from the 3'-end of the Hind III linker. The 5'-terminal dinucleotide (PAG) has been run off the gel.
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Fig. 6. Schematic diagram of rat preproinsulin mRNA and the corre-
sponding cloned DNA fragments. The boxed areas on each DNA frag-

ment represent the regions directly sequenced and correspond to the
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ponent of the total islet cDNA nor the
two Hae III fragments were themselves
cleaved by Hind III endonuclease (data
not shown). The self-ligation of the deca-
mers is shown in Fig. 3B, lane 1, and the
ligation of multiple decamers to full-
length cDNA and to ¢cDNA cleaved by
Hae III endonuclease are shown in Fig.
3A, lane 2, and Fig. 3B, lane 3, respec-
tively. Treatment of the ligation mixtures
with Hind III endonuclease yields du-
plex cDNA with Hind 111 single-stranded
cohesive termini (Fig. 3A, lane 1; Fig.
3B, lane 4) as well as the cleaved decanu-
cleotide (Fig. 3B, lane 2). Since the
cleaved decamers also contained
Hind III termini, and hence would com-
pete with ¢cDNA for ligation to the plas-
mid, the cDNA was purified by poly-
acrylamide gel electrophoresis (§) before
ligation to the plasmid.

We used the bacterial plasmid pMB9,
a 3.5-million-dalton molecule containing
single Hind III and Eco RI sites (/5). In-
fection of Escherichia coli with pMB9
confers tetracycline resistance and coli-
cin immunity. Since the Hind III site is
localized within the promoter for the
gene responsible for tetracycline resis-
tance, not all bacteria containing a plas-
mid formed by insertion of DNA in the
Hind III site are tetracycline-sensitive,
but some retain variable levels of tet-
racycline resistance (/6).

To ensure ligation of most of the
c¢DNA molecules to plasmid DNA, it is
necessary to add a molar excess of the
plasmid DNA. However, this results in
the majority of plasmids circularizing
without an inserted cDNA fragment, and
thus the subsequently transformed cells
contain mainly pMB9 and not the re-
combinant plasmids. In order to reduce
the number of colonies to be screened
for recombinant plasmids, we first
treated the Hind Ill-cut pMB9 DNA
with alkaline phosphatase (see Fig. 1)
(17). This removes the 5’ terminal phos-
phates from the Hind III endonuclease-
generated ends of the plasmid and pre-
vents self-ligation of the plasmid DNA,
ensuring that circle formation (and hence
transformation) is dependent on the in-
sertion of a DNA fragment containing 5'-
phosphorylated termini.

The mixtures containing recombinant
cDNA-pMB9 were used to transform the
EK2 host E. coli x1776 (I8). Transform-
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ants were selected by growth on medi-
um containing tetracycline (16, 19) and
screened for recombinant plasmids (/9a).
One combinant plasmid (pAU-1) obtained
by transformation with the total rat is-
let cDNA contained an inserted DNA
fragment approximately 410 nucleotides
in length, which was“released from the
plasmid by Hind III endonuclease diges-
tion (Fig. 4, lane 1). This cloned DNA
fragment, which hybridized to rat islet
cDNA (data not shown), was isolated
and subjected to DN A sequence analysis
(see below). Transformation with the
electrophoretically purified Hae III frag-
ments (Fig. 3b, lane 4) did not yield any
clones in the Hind III site of pMB9 (/6).
The Hind III termini were therefore con-
verted to Eco RI cohesive termini. This
was achieved by ‘‘filling in’’ the Hind III
ends using reverse transcriptase, fol-
lowed by blunt-end ligation to the
Eco RI restriction site octanucleotide
(5")TGAATTCAQB’) (20). Cleavage of
this duplex ¢cDNA with Eco RI yields
cohesive termini, thus allowing insertion
of the fragment into the Eco RI site of
pMB9 (20). Transformations by means of
the electrophoretically purified Hae III
fragments treated in this manner yielded
a number of clones, all of which con-
tained insertions of foreign DNA at the
Eco RI site (/6). The size of these in-
sertions corresponded to that of the orig-
inal Hae III fragments used for ligation
to the plasmid DNA. Two recombinant
plasmids, pAU-2 and pAU-3, obtained
by transformation with the approximate-
ly 80-base-pair Hae III fragments (Fig.
3B, lane 4) and one, pAU-4, from trans-
formation with the smaller Hae III frag-
ment (80 base pairs; Fig. 3B, lane 4) were
isolated (Fig. 4, lanes 2, 3, and 4, respec-
tively).

Sequence analysis of cloned DNA . Pu-
rified plasmid DNA from pAU-1 was
cleaved with endonuclease Hind 111 and

"the 410-base-pair insertion isolated by

electrophoresis on a 6 percent polyacryl-
amide gel (similar to those shown in Fig.
4). After elution from the gel, the DNA
was labeled at the 5’ termini by in-
cubation with [y-*2P]JATP and polynpcle-
otide kinase (27). The labeled DNA was
cleaved with Hae III endonuclease and
the two labeled fragments (about 265 and
135 base pairs) separated on a polya-
crylamide gel. The isolated fragments

were subjected to the base specific cleav-
age reactions developed by Maxam and
Gilbert (21). The cleaved DNA was sepa-
rated on a 20 percent polyacrylamide gel
containing 7M urea and analyzed (21).
By these methods, the nucleotide se-
quence of the DNA can be read directly
from the gel (for example, Fig. 5).

The nucleotide sequences of the small-
er cloned DNA fragments from plasmids
pAU-2 (Fig. 5), pAU-3, and pAU-4 were
similarly determined after isolation of
the inserted DNA fragments from a
polyacrylamide gel.

Rat insulin gene sequences are con-
tained in the DNA clones. The deter-
mined nucleotide sequences of cloned
DNA'’s from plasmids pAU-1, -2, -3 are
clearly overlapping (Figs. 6 and 7) and
thus represent regions of the same mole-
cule. The reconstructed sequence is a
continuous stretch of 354 nucleotides,
terminated at one end by varying lengths
of poly(dA - dT). The 5’ portion of the
mRNA is not established by these exper-
iments (22). Since the mRNA contains a
terminal poly(A) sequence, the DNA
strand containing 3’ terminal poly(dA) is
of the same sense. This strand deter-
mines an amino acid sequence which
exactly corresponds to the entire coding
region for rat proinsulin I and 13 out of
23 amino acids of the prepeptide se-
quence. The nucleotide sequences of the
mRNA’s therefore confirm the pre-
viously determined amino acid sequence
for rat proinsulin I @), and in addition
show that the C peptide is connected to
the B chain by the sequence -Arg-Arg-
(arginine-arginine) and to the A chain by
a -Lys-Arg-(lysine-arginine) sequence.
Previous data did not provide assign-
ments for the basic arginine or lysine res-
idues connecting the B-C-A peptides, al-
though they had been inferred by analo-
gy with the bovine, porcine, and human
proinsulin sequences ().

The portion of the amino acid se-
quence of the prepeptide determined
from the available mRNA sequence (Fig.
8) is consistent with the partial amino
acid sequence reported by Chan et al.
(3). In agreement with these workers we
find leucine at positions —9, —11, and
—12, but we find alanine at —13, where
they had made a tentative assignment of
lysine on the basis of a single sequencer
run. The mRNA sequence also estab-
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GG CCTGCTCGTCCTCTGGGAGCCCAAGCCTGdCCAGGCTTTTGTCAAACAGCACCTTTGTGGTCCTCAKCTGGTG
cC GGACGAGCAGGAGACCCTCGGGTTCGGACGGGTC?EAAAACAGTTTGTCGTGGAAACACCAGGAGTGGAC AC

CAAACAGCACCTTTGTGGTCCTCACCTGGTG

GGCCCTGCTCGTCCTCTGGGAGCCCAAGCCTGCCCAGGCTTTTGTCAAACAGCACCTTTGTGGTCCTCACCTGGTG

40  Eco RII 60 80 100
GAGGCTCTGTACCTGGTGTGTGGGGAACGTGGTTTCTTCTACACACCCAAGTCCCGTCGTGAAGTGGAGGACCCGCAAGTG

CTCCGAGACATGGACQ#CACACCCCTTGCACCAAAGAAGATGTGTGGGTTCAGGGCAGCACTTCACCTCCTGGGCGTTCAC

GAGGCTCTGTACCTGGTGTGTGGGGAACGTGGTTTCTTCTACACACCCAAGTCC
AAGATGTGTGGGTTCAGGGCAGCACTTCACCTCCTGGGCGTTCAC

GAGGCTC:

Hae Hpa Hae Hpa
120 Alu I II IT IIT 1II 160 Hpa II 190
CCACAACTGGAGCTGGGTGGAGHCCICGGAGCICGGGGATCTTCAGACCTTGGCACTGGAGGTTGCCICGGCAGAAGE
GGTGTTGACCTQEACCCACCTC GGG?FTCCGGQ&CCTAGAAGTCTGGAACCGTGACCTCCAACGGGE@GTCTTCGC

GGC
CCG

Eﬁml

GGTGTTGACCTCGACCC:

TCGACCCACCTCCGG
GGCCGGGGATCTTCAGACCTTGGCACTGGAGGTTGCCCGGCAGAAGCGTGGC

GCAGAAGCGC—
—GCGCCG

E A

210 240 :S 270
AXEETGGATCAéTGCTGCACCAGCATCTGCTCECTCTACCAACTGGAGAACTACTGCAAC'EﬁGTTCAATCAATTCCCGTC
TAACACCTAGTCACGACGTGGTCGTAGACGAG GAGATGGTTGACCTCTTGATGACGTTGBQ“CAAGTTAGTTAAGGGCAG

ATTGTGGATCAGTGCTGCACCAGCATCTGCTCCCTCTACCAACTGGAGAACTACTGCAACTGAGTTCAATCAA

ATTGTGGATCAGTGCTGCACCAGCATCTGCTCCCTCT

CTCTTGATGACGTTGACTCAAGTTAGTTAAGGGCAG

TAGCACCTAGTCACGACGTGGTCGTAGACGAGAGAGATGGTTGACCTCTTGATGACGTTGATCC

Fig. 7. Nucleotide sequence of the rat pre-

280 300 proinsulin genes cloned in bacterial plasmids.

The DNA sequence of the portions of the rat

tACCCCTCTGCAATGAATAAAGCCTTTGAATGAGC"pO ly (A) insulin I gene?:loned in plasn‘ﬁds pAU-1, -2, and

GTGGGGAGACGTTACTTATTTCGGAAACTTACTCG-poly (T) -3 is shown in bold type. The sequences in italic

: type are those directly determined for each

clone. Sequences from pAU-1 and pAU-2 were

determined by 5’-terminal labeling of the in-

po Zy (T) n700  serted DNA fragment followed by Hae III di-

gestion (pAU-1), or Alu I (14) digestion (pAU-

2), to separate the labeled products. Hpa II (14)
-1 pr rmina i

GLGGGGAGACCTTACTTATITCGGAAACTTACTCG-poly (1) s alsb uscd i this s the individual beles

a0 strands were isolated by denaturation and

polyacrylamide gel electrophoresis (27). Sequences from pAU-3 were also determined by 5'-labeling of the cloned DNA fragment followed by
strand separation. pAU-4 was labeled at the 5’ terminus and treated with Hha I; the labeled fragments were then resolved by polyacrylamide gel
electrophoresis prior to sequencing. The exact number of dT residues at the end of the pAU-3 insert was determined from the sequencing gel,
whereas it was not possible to determine precisely the corresponding number in the pAU-1 clone. The boxed base pairs indicate the differences
between the nucleotide sequence of proinsulin I and proinsulin II (above the line) in the A chain region. The restriction sites that were used for the
DNA sequence analysis are shown together with the Eco RII sites (14). The latter presumably are methylated in the x1776 strain at the starred
position in the sequences CC*TGG or CC*AGG, thereby blocking the dimethyl sulfate cleavage reaction at this point during DNA sequencing.
Only those restriction sites confirmed by direct digestion are shown.
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Fig. 8. Nucleotide sequence of rat preproinsulin I mRNA. The nucleotide sequence of the mRNA was deduced from the composite sequences of
the cloned DNA fragments as shown in Fig. 7. The amino acid sequence was predicted from the mRN A sequence and agrees with that previously
published for rat proinsulin I (4). The amino acid sequence of the prepeptide (—1 to —13) determined from the nucleotide sequence of pAU-2 was
previously unknown except for amino acids —1 to —13, which are identical to previously published data except for —10 [see text and (3)]. The
underlined sequence (AAUAAA) is that previously found in the 3’ untranslated region of eukaryotic mRNA’s (27). The sequences underlined
with a broken line have not been fully confirmed. The sequence shown is for preproinsulin I mRNA; nucleotide changes observed in the A chain

region of proinsulin II are boxed below the line.

lishes the amino acid sequence at residue
—10 and —8 to —1, which have not been
previously determined, thereby demon-
strating the utility of determination of the
amino acid sequence via the sequence of
mRNA or its cDNA.

The junction of the prepeptide with rat
proinsulin I is at an alanine-phenylala-
nine (Ala-Phe) bond (Fig. 8). This bond
must be enzymatically cleaved to form
proinsulin. A protease specific for the
Ala-Phe bond has not yet been identi-
fied, but it is noteworthy that all of the
exocrine secretory proteins (that is, di-
gestive enzymes) whose prezymogens
have been partially sequenced from dog
pancreas have an Ala-Phe sequence near
the end of the prepeptide (23). In addi-
tion, 15 percent of all of the dipeptide se-
quences in the precursor portions are €i-
ther Ala-Phe or Ala-Tyr; thus a protease
specific for these sequences could rapid-
ly remove and degrade the prepeptides
from the secretory proteins (24). This
processing mechanism is consistent with
the proposed common origin of exocrine
and endocrine cells (25).

Previous studies have demonstrated
the presence of two types of proinsulin (I
and II) in the rat ¢). Rat proinsulin II has
four amino acids (two in the B chain and
two in the C chain) that differ from the
amino acid sequence of proinsulin I. No
clones have thus far been obtained that
encompass these regions of proinsulin II.
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The cloned ¢cDNA fragment in pAU-4,
however, may represent the A chain re-
gion of proinsulin I mMRNA. The original
cDNA fragment which gave rise to this
clone was clearly transcribed from the A
chain region of insulin mRNA. Since the
amino acid sequence of the A chain of
insulins I and II are identical but the nu-
cleotide sequence of this fragment is
slightly different from the corresponding
region of proinsulin I mRNA, we infer
that it is derived from proinsulin II
mRNA. There are three base changes in
the amino acid coding portion of the gene
in the proinsulin II clone; all of these in-
volve interconversion of C and T resi-
dues in the third position of the codons
(Fig. 8). In one case such a change has
produced an Hha I restriction site (nucle-
otide 193, Fig. 7). A further difference is
found in the termination codons: for rat
proinsulin II it is UAG, whereas for
proinsulin I, it is UGA (26) (U, uracil).

An examination of the coding regions
of the mRNA’s (Fig. 8) :uggests there
may be some bias in the use of particular
codons; for example, for glutamic acid
(two possible codons), GAG is used in 8
out of 11 occurrences; for leucine (six
codons), CUG is used 9 out of 16 times,
and UUA and CUA are not used; for
tyrosine (two codons), UAC is used 6 out
of 6 times; and for valine (four codons),
GUG is used 6 out of 9 times.

The sequence AAUAAA (nucleotides

295 to 300, Fig. 8), which has been re-
ported to occur in many eukaryotic
mRNA’s in a similar position in the 3’
untranslated region (27), is also present
in the corresponding region of rat pre-
proinsulin I mRNA.

Our results demonstrate the utility of
molecular cloning in analyzing gene
structures. These clones containing in-
sulin gene segments should be very use-
ful for studying regulation of insulin
mRNA biosynthesis and its expression
in bacteria.
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Environmental Asbestos Pollution Related to Use of

Quarried Serpentine Rock

Abstract. Crushed serpentinite quarried in Montgomery County, Maryland, has
been extensively used for paving roads and other surfaces. The mineral assemblage
includes antigorite or lizardite as well as chrysotile and tremolite. Air samples taken in
the vicinity of serpentine-paved roads show that chrysotile concentrations are about
10%times greater than those typically found in urban ambient air in the United States.

A rock quarry located near Rockville,
Maryland, is the major source of crushed
stone in the area north of Washington,
D.C., including Montgomery and Prince
Georges counties in Maryland. An esti-
mated 28 million cubic meters or more of
rock has been. quarried during some 20
years of operation. The crushed stone is
used as road metal, base course, and for
resurfacing of highways, parking lots,
and driveways. It has also been used as
concrete aggregate and for other pur-
poses in the construction industry, and
as filler-binder for asphalt in blacktop
paving.

The quarry is located in the Hunting
Hill pluton, which is about 15 km wide
and 6%2 km long and consists of serpen-
tinized dunite cut by gabbro dikes. The
structure, petrography, and mineralogy
were described by Larrabee (1), who
concluded that the bulk of the serpentin-
ite consisted of antigorite in both platy
and fibrous forms. Veins or lenticular
bodies of chrysotile, tremolite, dewey-
lite, talc, anthophyllite, clinozoisite,
penninite, and other silicate minerals
were reported to occur in the serpen-
tinite. The chrysotile veins are generally
less than 1 mm wide. Since the fiber is
the harsh variety and occurs in short
lengths it is not a commercial source

of asbestos. Chlorite is common in the
serpentinite, occurring chiefly as a re-
placement of antigorite.

The widespread and large-scale use of
such crushed serpentinite raised the pos-
sibility of environmental contamination
by the asbestos and asbestiform minerals
present—chrysotile, tremolite, and an-
thophyllite. These minerals have a known
human disease potential (2). The bio-
logical potential of platy and fibrous
antigorite has not been determined.

We have investigated the possibility of
environmental contamination by as-
bestos mineral dusts from quarry opera-
tions such as blasting, crushing, and
truck loading and by the dissemination of
dust along the quarry truck delivery
routes as well as during unloading and in-
stallation of the crushed rock. We have
been mindful that, after emplacement,
considerable dust may be continually
created by abrasion and erosion of pave-
ment surfaces, particularly where the
crushed rock is not bound by asphalt
base or topping. Braking, turning, and
acceleration of vehicles on these sur-
faces produce visible dust clouds. An ex-
ample is seen in Fig. 1. Vegetation along
roads paved with crushed stone is often
heavily coated with road dust, particu-
larly in the vicinity of intersections.
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