
Nucleotide Sequence of Human Preproinsulin 

Complementary DNA 

Abstract. Recombinant bacterial plasmids that contain DNA complementary to 
human preproinsulin messenger RNA have been constructed. One clone contains the 
entire preproinsulin coding region, as well as the 3' untranslated region of the mes- 
sengerRNA and eight nucleotides of the 5' untranslated region. Additional sequence 
information for the 5' untranslated region was obtained with the use of insulinoma 
messenger RNA in conjunction with specific primers from the cloned DNA for en- 
zymatic chain termination sequence analysis. The results confirm the amino acid 
sequence of human proinsulin previously determined, and predict the amino acid 
sequence of the human preproinsulin signal peptide. 

Active insulin consists of two poly- 
peptide chains, the A and B chains, 
which are linked by disulfide bonds. The 
protein is synthesized as a single pre- 
cursor polypeptide, in which the A and B 
chains are joined to each other via a con- 
necting peptide, the C peptide (1). This 
proinsulin precursor is then processed 
by proteolytic cleavage to yield the ma- 
ture insulin protein. 

Proinsulin is contained within an even 
larger polypeptide (preproinsulin) which 
was first identified by in vitro translation 
of messenger RNA (mRNA) derived 
from pancreatic B cells (2, 3). The higher 
molecular weight of preproinsulin is con- 
sistent with the presence of an amino ter- 
minal signal sequence (4) involved in the 
transfer of newly synthesized secretory 
proteins into the lumen of the endo- 
plasmic reticulum (4). The primary struc- 
tures of insulin prepeptides for several 
species have previously been determined 
by microsequencing techniques with ra- 
dioactively labeled in vitro translation 
products (2), and by DNA sequence 
analysis in conjunction with molecular 
cloning techniques (5-7). 

We now report the nucleotide se- 
quence of human preproinsulin mRNA. 
The nucleotide sequence confirms the 
amino acid sequence for human pro- 
insulin (8). In addition, the nucleotide se- 
quence permits determination of the 
amino acid sequence of the preproinsulin 
signal peptide. We also compare the hu- 
man preproinsulin coding and untrans- 
lated sequences of the mRNA with the 
corresponding mRNA sequences of rat 
preproinsulin I and II. 

To isolate insulin-specific nucleotide 
sequences, we prepared complementary 
DNA (cDNA) from total human in- 
sulinoma mRNA. Total mRNA was iso- 
lated from 100 mg of human insulinoma 
tissue (9) by the guanidinium thiocyanate 
procedure (5), and double-stranded 
cDNA was prepared (5, 10) and cloned 
into the Pst I site of pBR322 (6). 

Escherichia coli X1776 was trans- 
formed with the recombinant plasmids 
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and transformants were selected for their 
resistance to tetracycline. Approximate- 
ly 4000 transformants were obtained 
from 10 ng of cDNA; of these, 50 were 
screened for insulin sequences by means 
of a radioactively labeled rat insulin 
double-stranded cDNA probe (5) in con- 
junction with the Grunstein-Hogness 
colony screening procedure (11). Twelve 
clones which hybridized to the probe 
were further characterized by restriction 
endonuclease cleavage analysis. The 
clone containing the largest insert (pHI3) 
was sequenced by both chemical and en- 
zymatic methods (12, 13) (Fig. 1). The 
nucleotide sequence of pHI3 contained 
eight nucleotides from the 5' untrans- 
lated region, the entire preproinsulin 
coding region, and the entire 3' end of 
the untranslated region, including a poly- 
adenylate [poly(A)] tract of 40 nucle- 
otides. The sequence allowed us to pre- 
dict the as yet undetermined signal pep- 
tide amino acid sequence for human 
preproinsulin (Fig. 1). 

To obtain more complete sequence in- 
formation from the 5' untranslated re- 
gion of preproinsulin mRNA, we used a 
technique that adapts the chain termi- 
nation DNA sequencing method (13) to 
the sequencing of RNA (14). Synthesis 
of DNA complementary to insulinoma 
mRNA was primed with a 39-base-pair 
DNA fragment derived from the 5' termi- 
nal end of the preproinsulin coding re- 
gion, generated by the restriction endo- 
nuclease Hae III. The additional se- 
quence information obtained by this 
procedure is shown in Fig. 1. 

The nucleotide sequence of human 
preproinsulin mRNA shows striking sim- 
ilarities to the mRNA sequences of rat 
preproinsulin I and II. Amino acid se- 
quence analyses have shown that insulin 
A and B chains are highly conserved, 
whereas the C peptide is variable, in re- 
spect to both its amino acid composition 
and length. The degree of homology be- 
tween the rat I, II, and human amino 
acid sequences is matched by the overall 
nucleotide sequence homology (15) (Fig. 

1). Close examination of the nucleotide 
sequence, however, reveals regions of 
the prepeptide B chain and A chain, 
which are absolutely conserved. Some of 
these regions have been identified to be 
important for insulin activity. For ex- 
ample, amino acid residues 24 to 28 of 
the B chain are responsible for the nega- 
tive cooperativity observed when insulin 
binds to its cell surface receptor (16). 
The nucleotide sequence in this region is 
completely conserved even though the 
genetic code would tolerate nucleotide 
changes in the third position of trans- 
lation codons without altering the speci- 
fied amino acid. The A chain, which con- 
tains most of the amino acids implicated 
in receptor binding (16), displays the 
highest degree of both nucleotide and 
amino acid sequence homology (15). 

The insulin prepeptide is thought to 
serve as the signal for transfer of this 
protein into the endoplasmic reticulum 
(4); however, nothing is known about 
which specific amino acids are essential 
for possible membrane recognition or 
traversal (or both). One might expect 
that amino acid residues proximal to the 
prepeptide cleavage site would bear 
some common feature important for pre- 
peptide cleavage enzyme activity, and 
thus the amino acid differences in this re- 
gion (glutamic acid compared to glycine, 
aspartic acid compared to arginine, and 
alanine compared to glutamine at posi- 
tions -7, -5, and -2, respectively) are 
rather surprising. In contrast, the amino 
terminal region of the prepeptide is much 
more highly conserved; hence, the 
amino acid sequence in this region must 
be important for insulin signal sequence 
activity. The C peptide helps the pro- 
insulin molecule to assume its correct 
three-dimensional conformation. The 
greater amount of amino acid sequence 
variability in the C peptide does not in- 
terfere with its ability to function in this 
manner. The nucleotide sequence of the 
C peptide is as variable as the amino acid 
sequence; first and second position co- 
don changes are more prevalent than in 
the A and B chains. The function of the 
3' untranslated region is not known. The 
human preproinsulin mRNA extends 73 
nucleotides beyond the translation termi- 
nation codon, whereas both rat I and rat 
II mRNA 3' untranslated regions are 
about 20 nucleotides shorter in length [52 
and 53 nucleotides, respectively (5, 7)]. 
The nucleotides following the termi- 
nation codons bear little resemblance to 
one another; however, the sequences 
proximal to the site of mRNA poly- 
adenylation display a high degree of ho- 
mology. In this region all three mRNA's 
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g Fig. 1. Nucleotide sequence of human preproinsulin mRNA and comparison with corresponding rat I and rat II sequences. Only coding region differences in rat I and rat II mRNA sequenc 
Z In noncoding regions the complete rat I and human sequences are compared; differences in rat II as compared with rat I sequences are also shown. The character "X" denotes uncerti 
w quence; dashed lines indicate gaps which, when introduced into the sequence, increase apparent homologies between the rat and human mRNA sequences. These gaps may reflect deleti 
< (or both) that may have occurred during the evolution of preproinsulin. Nucleotides at positions 8 and 48 in the 5' untranslated region are marked by asterisks. 
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contain the sequence: AAUAAA (A, 
adenylate; U, uridylate), a feature com- 
mon to most eukaryotic mRNA's. The 5' 
untranslated region is thought to be im- 

portant for the translation of mRNA 
molecules. Structural features in this re- 

gion may be important for ribosome rec- 

ognition, binding, and translation effi- 

ciency. The rat and human preproinsulin 
mRNA 5' untranslated regions contain a 

significant level of homology, when oc- 
casional small insertions or deletions (or 
both) are considered. The predicted sec- 
ondary structure of the rat mRNA 5' un- 
translated region includes a stable hair- 

pin structure that exposes the sequence 
CCAUCUAGGA (C, cytidylate; G, 
guanylate) for potential base-pairing with 
a complementary sequence present in 
18S ribosomal RNA (6, 17). The corre- 

sponding human sequence differs by on- 
ly one nucleotide and is also contained 
within a strong potential hairpin struc- 
ture between the nucleotides at positions 
8 and 48 (denoted by asterisks in Fig. 1). 

This cloned human preproinsulin 
cDNA will facilitate the isolation of the 
human insulin gene, and the information 
gained from the complete mRNA se- 
quence will permit the distinction be- 
tween mRNA sequences, intervening se- 
quences, and nucleotide sequences that 
flank the insulin gene (18). 
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We recently described a spontaneous 
B cell leukemia (BCLi) of BALB/c mice 
that expresses B cell surface markers in- 
cluding immunoglobulins M and D, the 
receptors of the Fc fragment, and I-re- 
gion antigens (1, 2). The tumor cell line 
appears unique in its response to stimu- 
lation in vitro with the B cell mitogen 
lipopolysaccharide, since this mitogen 
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Fig. 1. Growth of BCL, tumor cells in sple- 
nectomized (N = 24) and normal (N = 12) 4- 
month-old BALB/c mice. The data are ex- 
pressed as mean WBC counts ? standard er- 
rors. Numbers adjacent to symbols indicate 
the number of mice dead at that time. 
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stimulates proliferation of and immuno- 
globulin secretion by the malignant cells 
(3). The tumor cells grow progessively 
when transferred to normal BALB/c 
mice and result in their death. Spleno- 
megaly is a consistent manifestation of 
the disease, and other organs including 
bone marrow and peripheral blood ap- 
pear to be involved secondarily (2, 4). 
Warnke et al. (4) used autoradiography 
to demonstrate that there is a pro- 
nounced localization of the tumor cells in 
the spleen early in the course of the dis- 
ease (4). A kinetic study showed that the 
tumor is manifest in the spleen before 
large numbers of malignant cells appear 
in the peripheral blood (2). The present 
study supports and extends these find- 
ings by showing that the spleen is re- 
quired for the progressive growth of the 
BCLi leukemia. 

We investigated the role of the spleen 
in the proliferation of the BCL cells by 
injecting them into splenectomized mice. 
The tumor cell line is maintained in our 
laboratory by passage in unirradiated 2- 
to 4-month-old BALB/c mice (5). To ob- 
tain tumor cells for injection, blood was 
withdrawn from the retro-orbital veins 
and then diluted in phosphate-buffered 
saline. The nucleated cells were counted 
in a hemocytometer. Recipients were 
splenectomized through an incision in 
the left upper quadrant under pentobar- 
bital anesthesia. Splenic vessels were 
tied off with silk, and the incision was 
closed with metal clips. Twenty-four 4- 
month-old female BALB/c mice were 
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Role of the Spleen in the Growth of a Murine B Cell Leukemia 

Abstract. A spontaneous B cell leukemia (BCLO grew progressively in normal 
BALBIc mice after injection of tumor cells but did not grow in splenectomized recipi- 
ents. Despite the absence of progressive tumor growth, residual tumor cells with 

malignant potential were found in the peripheral blood of the splenectomized ani- 
mals. Splenectomy performed after injection of tumor cells but before the develop- 
ment of marked leukocytosis also prevented progressive tumor growth and death of 
the host. Thus the spleen appears to be necessaryfor progressive proliferation of this 

lymphocytic leukemia early after passage in vivo. 
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lymphocytic leukemia early after passage in vivo. 
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