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A method for cloning the insulin gene from total human DNA is developed on the 
basis of the polymerase chain reaction. Cloning of the insulin gene from the total 
DNA of human lymphocytes is performed to obtain a pNP-90 vector for subsequent 
expression of the insulin gene in nonendocrine ceils for the purposes of gene therapy 
of diabetic angiopathies. 
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Diabetic angiopathies are one of the most serious 
diabetic complications [4]. Since an~opathies dam- 
age the small (micro-) and large (macroangio- 
pathies) vessels of the heart (cardiopathy), brain 
(encephalopathy), kidneys (nephropathies), and eye 
(retinopathy), they frequently have a lethal outcome 
in diabetes. There are no suitable methods at 
present for preventing and treating micro- and 
macroangiopathies, i.e., direct injections of insulin 
are not able to compensate for insulin deficiency. 
In the organism insulin is synthesized by B-cells 
of the pancreas,  and the gene coding for the 
amino acid sequence of preproinsulin, composed of 
three peptides (B, C, and A), plays a key role in 
insulin synthesis. Insulin maturation consists in 
splitting-off of the C-peptide under the influence 
of specific proteases, and this does not occur in 
other tissues. 

We have previously shown that even in a case 
where arterial endothelium has been directly trans- 
formed with functional genes, expression of the 
model genes was observed during several months 
[10]. Therefore, gene therapy and genetic thera- 
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peutic agents [5,8] could provide a basis for the 
new strategy in the treatment of diabetes and dif- 
ferent forms of diabetic angiopathies [1,13]. The 
creation of a plasmid vector capable of synthesiz- 
ing biologically active insulin in human n o n e n -  
docrine cells could be one approach to the pre- 
vention and treatment of diabetic angiopathies. Its 
subsequent transfection into endothelial cells would 
help maintain a constant, if not high, insulin level 
in the vessels of the eye, brain, heart, kidneys, 
and extremities for several months. 

This paper desribes human insulin gene clon, 
hag on the basis of the polymerase chain reaction 
(PCR) and the design of a genetic construction for 
studying the expression of the human insulin gene 
in eukaryotic cells with a view to creating a thera- 
peutic agent for the prevention and treatment of 
diabetic angiopathies. 

MATERIALS AND METHODS 

The native human insulin gene was obtained from 
the total DNA isolated from blood lymphocytes 
[6]. For this purpose 400 gl of whole blood were 
resuspended in 400 p/ of buffer of the following 
composition: 10 mM Tris-HC1, pH 8.0; 10 mM 
NaC1; 10 mM EDTA, pH 8.0. The suspension was 
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stirred, frozen at -20~ and thawed at room tem- 
perature. Ten microliters of 10% sodium dode- 
cylsulfate and 20 ~ of an aqueous solution of pro- 
teinase K (10 mg/ml) were added to the thawed 
suspension and incubated at 58~ for 2 h. The 
mixture was treated once with phenol and twice 
with chloroform (the aqueous phase was separated 
by centrifugation). NaC1 solution (5 M, 180 ~)  
was added to the aqueous phase and DNA was 
sedimented with 600 ~l isopropanol. The DNA 
sediment was washed with 1 ml ethanol and dis- 
solved in 20 ~ tridistilled water. 

The DNA obtained thus was treated with Bgl 
1 restriction enzyme and the total hydrolysate was 
fractionated in 1% agarose gel during 10 h (hori- 
zontal electrophoresis). After fractionation of Bgl 1 
fragments a gel strip containing DNA fragments 
with a length of 2500 to 3000 base pairs (b.p.) 
was cut from the gel. DNA fragments were trans- 
ferred by electrophoretic blotting onto DE-81 paper, 
this being followed by elution of fragments with 1.2 
M NaC1 and sedimentation with ethanol [7]. As a 
result; we obtained a B~ 1-enriched DNA fraction 
containing the human insulin gene [3]. 

Replication of DNA copies containing the 
human insulin gene was performed using PCR [3], 
which was carried out in a mixture of the follow- 
ing composition: PCR buffer; 50 mM MgC12; 2.5 
mM 4dNTP (4-deoxynucleot ide triphosphate); 
primer mixture; tridistilled water; Taq polymerase; 
DNA matrix. The total volume of the reaction 
mixture was 50 Isl. The direct  P1 pr imer  5'- 
d(TGGTCTAATGTGG AAGTGG)-3', located in 
the region from 1866 to 1885 b.p. of the nucle- 
otide sequence of the insulin gene (the EMBL bank 
of nucleotide sequences Human Gene for Pre- 
proinsulin from Chromosome 11), and the reverse 
P2 primer 5 ' -d (GCTTGGCCCAGGGCCCC)-3 ' ,  
located in the region from 3657 to 3641 b.p., were 
used as primers in DNA amplification. 

DNA amplification was performed under the 
following temperature regime: 95~ 1 rnin, 56~ 
1 min, and 72~ 1 min; 30 cycles. DNA ampli- 
fication yielded a DNA fragment with a length of 
1792 b.p., which contained the human insulin 
gene. This 1792 b.p. fragment was treated with 
HinclI restriction enzyme. After hydrolysis we ob- 
tained a fra~rnent with a length of 1608 b.p., which 
was cloned at the HinclI site into a pGEM-3Z plas- 
mid vector. The clones were tested for the presence 
of the insulin gene by the PCR method using two 
primers: Up 5'-d(ATCACTGTCCTTCTGCC)-3' lo- 
cated in the r e , o n  from 2407 to 2423 b.p. and L2 
5 ' -d(GGCTGCGGCTGGGTCA)-3 ' located in the 
region f rom 2595 to 2610 b.p. Recombinant  

clones, which after amplification yielded a DNA 
fragment of the insulin gene with a length of 203 
b.p., contained the entire human insulin gene. 

As a result, we obtained a pGEM-Ins recom- 
binant vector. The structure of the insulin gene in 
the pGEM-Ins vector was determined using oligo- 
nucleotide primers by direct sequencing in both di- 
rections after Sanger et al. [12]. In sequencing of 
the fgst chain we used direct primers: UpU 5'- 
d(GTTTTCCCAGTCACGAC)-3'; Up (see above): 
Up 1 5'-d(GTGAGCCAACCGCCCATTG)-3'; Up2 
5 ' - d ( T G G G G C A G G T G G A G C T G ) - 3 ' .  In se- 
quencing of the second chain we used reverse 
primers: LU 5'-d(CAGGAAACAGCTATGAC)-3'; 
L 5 ' - d ( C T G C C A G G A C G T G C C G ) - 3 ' ;  L1 5'- 
d ( C C T G C A G G T C C T C T G C ) - 3 ' ;  L2 5 'd (see 
above) (Fig. 1). 

The insulin gene from the pGEM-Ins plasmid 
was isolated by hydrolysis with HinclI and BamHI 
restriction enzymes. Treatment with HinclI  re- 
moves a DNA region from pr imer  P1 to the 
HinclI site, yielding a DNA fragment (1608 b.p.) 
which comprises 2 introns (IS1 and IS2), a cap- 
ping site, a polyadenylation region (Poly A), sig- 
nal peptide (SP), and the B-, C-, and A-peptides 
of insulin. The HinclI,  BamHI fragment of DNA, 
which contained the insulin gene, was subcloned 
into pNP-90  vector  (kindly provided  by G. 
Enikolopov). The pNP-90 vector comprises an 
RSV-promoter, a splicing signal region, and a 
polyadenylation region of the rabbit [~-globin gene, 
which are separated by a small region containing the 
Xbal and BamHI restriction sites. The pNP-90 plas- 
mid vector was treated with Xbal and BamHI. The 
Xbal restriction site was "blunted" with DNA poly- 
merase I (Klenow fragment). By ligating the large 
fragment of the vector with the HincII,  BamHI 
insulin fragment and by subsequent cloning we 
obtained a pNP-Ins plasmid vector, in which the 
insulin gene was controUed by the RSV-promoter. 

RESULTS 

The synthesis and transformation of prepromsulin 
are unique functions of endocrine cells [4]. The 
design of a genetic construction enabling nonen- 
docrine cells to express and process insulin is an 
important task of molecular biology and is of spe- 
cial interest for the treatment of diabetic angio- 
pathies. For the creation of such a genetic con- 
struction it was necessary to obtain the native 
human insulin gene. The structure of this gene 
has now been studied in full [3]. 

Basing ourselves on the structure of the insu- 
lin gene, we used the PCR method for rapid in- 
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Fig. 1. Scheme for the design of a vector for insulin expression in nonendocrine cells. 1) Bgl l--enriched DNA fraction (2711 
b.p., including the insulin gene) obtained from total DNA of human lymphocytes (IS1 and IS2 are introns, POLY A is the 
polyadenylation region, SP is the signal peptide, and B, C, and A are the B - ,  C - ,  and A-pep t ides  of insulin) [3]. 2) PCR 
product (1792 b.p.) obtained by amplification of the Bgl 1 fraction using P1 and P2 primers (Ins is the human preproinsulin 
gene). 3) Subcloning o[ PCR product (1608 b.p.) treated with HincII into pGEM-3Z  plasmid (pGEM--Ins is the plasmid 
vector containing the insulin gene) and sequencing strategy for the insulin gene (designations of primers in MATERIALS AND 
METHODS). 4) p N P - I n s  vector for insulin gene expression in nonendocrine cells (an asterisk denotes the splicing and 
polyadenylation regions). 

sulin gene cloning from total human DNA. In 
order to exclude nonspecific synthesis during PCR 
as much as possible, the total DNA isolated from 
blood lymphocytes was treated with Bgl 1. It is 
evident from the structure of the gene that the Bgl 
1 fragment of DNA with a length of 2711 b.p. 
(Fig. 1) includes the entire insulin gene. There- 
fore, Bgl 1 fragments of DNA with a length close 
to 2711 b.p. (from 2500 to 3000 b.p.) were iso- 
lated from the total Bgl 1 hydrolysate fractionated 
in 1% agarose gel. 

The DNA fraction enriched in such a manner 
was used as a matrix during PCR. P1 (direct) and 
P2 (reverse) primers located inside the "insulin" Bgl 
1 fragment and entirely flanking the insulin gene 
were used for priming. Amplification yielded a PCR 
product with a length of 1792 b.p. (Fig. 1). 

For confmamtion of the structure of the insulin 
gene by sequencing, a DNA fragment with a length 
of 1792 b.p. was cloned into the pGEM-3Z plas- 
mid at the HinclI site (Fig. 1). Clones containing 
the insulin gene were tested for the presence of a 
DNA fragment with a length of 203 b.p. using the 
PCR method. The Up (direct) and L2 (reverse) 
primers flanking the region from the first intron to 
the end of the signal peptide (Fig. 1) were used for 
priming in PCR. The clone yielding a PCR prod- 
uct 203 b.p. long was designated as pGEM-Ins.  

The identity of the nucleotide sequence con- 
taining the insulin gene obtained after amplifica- 
tion of the Bgl 1 fraction was verified by direct 
sequencing of the pGEM-Ins plasrnid. Sequencing 
was performed along the two chains using the 
chain termination method [12]. Sequencing of the 
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first chain was performed using the direct primers 
UpU, Up, Upl,  and Up2, and of the second chain 
using the reverse primers LU, L, L1, and L2 
(Fig. 1). UpU and LU are universal primers for 
the pGEM-3Z plasmid vector. The other primers 
located at the junctions between introns and ex- 
ons were identified and synthesized by us. 

We did not discover any disturbances or point 
mutations in the nucleotide sequence of the insu- 
lin gene obtained by the PCR method vis-a-vis the 
known nucleotide sequence [3]. The human insu- 
lin gene cloned into the pGEM-3Z vector was 
subcloned into the pNP-90 vector at the Xbal and 
BamHI sites (Fig. 1). These sites are located be- 
tween the RSV promoter and the splicing and 
polyadenylation sites of the rabbit 13-globin gene. 
Proper orientation of the insulin gene with respect 
to the RSV promoter was determined by the clon- 
ing conditions (the BamHI site is the end of the 
insulin gene). The presence of the powerful eu- 
karyot ic  RSV promote r  and of splicing and 
polyadenylation regions provides for constitutive 
synthesis of insulin in human nonendocrine cells. 

Thus, using the insulin gene, we showed that 
cloning a gene with a known structure can be rap- 
idly and effectively performed using the PCR 
method. This renders such an approach useful for 
cloning of the subtilisinlike peptidase gene into a 

particular expressing vector [2,11], which is neces- 
sary for insulin maturation in nonendocrine cells. 
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