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ABSTRACT

The regions around the human insulin gene have been studied by hetero-
duplex, hybridization and sequence analysis. These studies indicated that
there is a region of heterogeneous length located approximately 700 bp
before the 5' end-of the gene; and that the 19 kb of cloned DNA which
includes the 1430 bp insulin gene as well as 5650 bp before and 11,500
bp after the gene is single copy sequence except for 500 bp located 6000
bp from the 3' end of the gene. This 500 bp segment contains a member
of the Alu family of dispersed middle repetitive sequences as well as
another less highly repeated homopolymeric segment. The sequence of
this region was determined. This Alu repeat is bordered by 19 bp direct
repeats and also contains an 83 bp sequence which is present twice. The
regions flanking the human and rat I insulin genes were compared by
heteroduplex analysis to localize homologous sequences in the flanking
regions which could be involved in the regulation of insulin biosynthesis.
The homology between the two genes is restricted to the region encoding
preproinsulin and a short region of approximately 60 bp flanking the 5'
side of the genes.

INTRODUCTION

The factors which govern the cell specific and temporal appearance

of insulin during development as well as those which modulate its bio-

synthesis at the genetic level are unknown, but presumably they operate

on the DNA near the gene. We have isolated a 19 kb segment of human

chromosome 11 which includes the 1430 bp insulin gene, and have deter-

mined the sequence of the gene and adjacent regions (1,2). By comparing

the sequence of the regions flanking the human insulin gene with those

for the corresponding regions of the rat insulin I and II genes (3,4),
several conserved and potential regulatory sequences were identified.

However the function(s) of the remainder of the sequence around the

human insulin gene and their role, if any, in the regulation of insulin

biosynthesis is undetermined. This approximately 17.5 kb of DNA could

include other insulin specific regulatory sequences, non-expressed
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spacer sequences, as well as other genes.

In this paper we extend the analysis of the regions flanking the

human insulin gene. We have determined that there is a region approxi-
mately 700 bp from the 5' end of the gene which is polymorphic in length.
We have compared human and rat genomic DNA fragments containing the

insulin gene and determined that the homology in the 5' flanking region

does not extend beyond 60 bp from the gene. In addition we have searched

for repetitive sequences in the vicinity of the insulin gene. Repeated

sequences account for approximately 20% of the human genome (5) and at

least five families have been identified (6-10). We have detected a

single repetitive sequence of 313 bp within the 19 kb DNA segment con-

taining the insulin gene located approximately 6 kb from the 3' end of

the gene. The sequence indicates that it is a member of the Alu family

of dispersed middle repetitive sequences (11) and is flanked by 19 bp

direct repeats. The partial sequences of two other members of this

family obtained by cloning middle repetitive sequences and a consensus

sequence for this family have been reported (11), however the sequence

presented here is the first to describe the unique flanking sequences as

well.

MATERIALS AND METHODS

DNA Samples

The isolation and analysis of human insulin genomic DNA fragments

from a fetal liver DNA library (library 1 of Fritsch et al. (12)

obtained from Dr. T. Maniatis) has been described previously. The

isolation and analysis of the rat genomic DNA fragment containing the

insulin I gene is described in Cordell et al. (3).

Preparation of 3 P-Labeled DNA

DNA was labeled by nick translation essentially as described by

Rigby et al. (13). The specific activities obtained were 1-4xlO8
cpm/.g.
Electrophoresis, Blotting and Hybridization

After digestion, DNA fragments were separated by electrophoresis in

a vertical agarose slab gel (lOx14xo.3 cm) in 40mM Tris/acetate pH 8.1,

20mM sodium acetate and 2mM disodium ethylenediaminetetraacetic acid.

Fragments of HindIII-digested lambda DNA and HaeIII-digested 0X174 were

used as molecular weight markers. Composite acrylamide:agarose gels

with the reversible cross-linking reagent, N,N'-diallyltartardiamide,

4092



Nucleic Acids Research

(14), were prepared in the same buffer as for agarose gels. DNA was

transferred from gels to Schleicher and Schuell nitrocellulose filters

(BA85) as described by Southern (15). Composite gels were soaked in 2%

periodic acid for 30 min at 37°C before transfer. After transfer,

filters were baked in vacuo for 2 hr at 800C. Hybridization was for 24

hr at 420C in the buffer described by Wahl et al. (16) which includes

10% dextran sulfate. 3 P-labeled DNA was present at 2.5x105 cpm/ml.

Filters were washed after hybridization as described by Wahl et al.

(16) and then exposed to Kodak XR-2 X-ray film with Dupont Lightning

Plus Intensifying Screen at -76°C.

DNA Sequence Analysis

DNA sequencing was with the procedure of Maxam and Gilbert (17) as

described previously (1).

RESULTS

Length Heterogeneity in Region Flanking 5' end of Human Insulin Gene

Figure 1 shows the organization of the 19 kb DNA segment containing

the insulin gene and flanking sequences. As discussed previously (1)

the insulin genes in XH-1 and XH-2 are alleles because of sequence differ-

ences in the gene region encoding the 3' untranslated portion of the

(-56S5) (-3800) (-2400) (-1300) (-59) (1600) (2500) (6000) (7500) (9400)(10,000) (13,000)
EoO RI Xho I I Hincil igI Xhol Xho I Xhol 60

FIGURE1. Humaninsion
beG()Rteion
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FIGURE 1. A map of the human insulin gene. The map of relevant restriction
enzyme sites is presented in the top line. The coordinates are in bp
relative to the 5' end of preproinsulin mnRNA (position 1). The dark
boxes (1-3) are the miRNA coding regions. A and B are intervening sequences.
The arrow indicates the direction of transcription. The position of the
Alu family repeated sequence is indicated by the open box. The XCh4A-
cloned human DNA fragments are indicated below the map. As described in
the text XHI-2 contains a 100 bp insertion located approximately at
position -700. We have adjusted the sizes of some of the fragments
described previously (1) based upon more extensive determinations.
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mRNA. The analysis of these two cloned fragments also showed that they

had very similar restriction maps. However subsequent experiments

revealed that the XhoI subfragment which contained the insulin gene was

100 bp larger in XHI-2. A heteroduplex formed between the corresponding

XhoI subfragments (coordinates approximately -2400 and 2500) of the two

cloned DNA segments indicated an insertion-deletion loop (Fig. 2).

Further restriction mapping and hybridization analyses established that

the insertion was centered approximately 700 bp before the 5' end of the

insulin gene of XHI-1 (data not shown). This does not appear to be a

cloning artifact (12,18) since we have observed that EcoRI digestion of

some individuals (8/15) produces two fragments of different sizes which

contain insulin gene sequences (for example, see Fig. 4A, lane 2). Each

fragment corresponds to one of the parental insulin genes and adjacent
regions, since there are no EcoRI sites within the cloned insulin genes.

If there were an EcoRI site within one of the insulin genes, EcoRI

A"* 2

44

FIGURE 2. Heteroduplex of the insulin gene containing XhoI fragment from
XHI-1 and XHI-2. The XhoI fragments (coordinates -2400 to 2500 (Fig. 1))
were prepared by electrophoresis. 0.1 ig of each fragment was mixed and
denatured in 100 4p of 0.1M NaOH, 20mM EDTA for 10 min at room temperature.
The solution was neutralized by addition of 20 p4 of 1M Tris HCl pH 7.5
and formamide was added to 50%. Hybridization was for 4 hr at 250C. 50
4l aliquots were diluted four fold into the spreading solution (50%
formamide, lOmM Tris, lmM EDTA, 50 ig/ml cytochrome), and were spread on
the hypophase (15% formamide, lOmM Tris HC1, pH 8.0, 1mM EDTA). The
duplex regions are 3360 bp and 1540 bp. The bar represents 0.2 v.
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digestion would generate three insulin gene containing fragments and

the sum of the sizes of the two smaller fragments should equal the

larger, approximately 13 kb. This has never been observed. This differ-

ence is also not due to a restriction site polymorphism in a region

outside the gene at least in three of these individuals. Digestion of

their DNA with BglII (coordinates -168 and 9340, Fig. 1), generates a

single insulin gene containing fragment whereas BglI and XhoI (Fig. 1)

generate two fragments as expected since they span the insertion region.

In these three individuals the insertion is between the BglI site at -1300

and a PvuII site at -259. The sizes of the insertions are of the order

of 1000-2000 bp (insertions of less than 250 bp probably could not be

detected) which are much larger than observed in XHI-2 and it remains to

be determined if much smaller insertions also occur. We have not detected

any other size differences of corresponding subfragments of XHI-1 and

)HI-2 between coordinates -2400 and 10,000.

Comparison of Sequences Flanking Human and Rat I Insulin Genes

A comparison of the sequences of human and rat insulin genes demon-

strates that the genes were homologous within the insulin coding regions

but that the intervening sequences and those following the codon for

translation termination were divergent (1). Furthermore an examination

of 106 bp before the genes indicated islands of homology interspersed

within nonhomologous regions. These included the AT-rich region, the

Hogness box, centered 27 bp before the gene as well as another 80 bp

before the gene. Since the sequence was not extensive enough to allow a

more complete analysis, we compared the sequences flanking the human and

rat I insulin genes indirectly by analyzing heteroduplexes formed between

the cloned genes (Fig. 3). There are five regions of homology within

the heteroduplexes: at each end, corresponding to the pBR322 sequences,

and three (A,B, and C) near the middle of the DNA molecules, the region

encoding insulin. The arrangement of the duplex regions indicated that

the polarity of the genes is 5'-A,B,C-3'. The region of homology, A

(Fig. 3), corresponds to the region from the 5' boundary of intervening

sequence 1 and extending into the 5' flanking region of the gene, B

(Fig. 3), from near the 3' boundary of intervening sequence 1 to the 5'

boundary of intervening sequence 2, and finally C (Fig. 3), from the 3'

boundary of intervening sequence 2 to the translation termination codon.

A and B (Fig. 3) are separated by nonhomologous intervening sequence 1

and B and C by intervening sequence 2 (rat I insulin gene lacks this
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FIGURE 3. Heteroduplex of the human and rat I insulin genes and flanking
regions. The 9.4 kb EcoRI fragment containing the rat I insulin gene
(3) and the 13.2 kb EcoRI fragment containing the human insulin gene of
XHI-2 were cloned in EcoRI site of pBR322. The recombinant plasmids were
linearized by cleavage of the SalI site within pBR322. Heteroduplexes
were formed as described in Fig. 2. The double stranded DNA region on
each end of the molecule represents the pBR322 sequence on each side of
the insert. A,B and C designate the regions of homology between the
human and rat I insulin genes. The single stranded region between A
and B represents intervening sequence 1. The loop between B and C
represents intervening sequence 2 which is only present in the human
insulin gene. The bar is 0.2 11-

intervening sequence and therefore there is an insertion loop from the

human DNA in this region of the heteroduplex). The size of region A,

relative to B and C, 234 bp and 154 bp respectively, whose sizes are

precisely known, from sequence analysis (1) is 100-120 bp. This is the

same as expected from the sequence comparison; therefore the homo-

logy at the 5' ends of the genes does not extend outside the region

sequenced. The absence of other hybrid regions indicates that there are

no regions of extensive homology between the human and rat I insulin
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genes besides those previously determined. We verified the heteroduplex

analysis by hybridizing the labeled rat insulin gene containing EcoRI

fragment to subfragments of the 13.2 kb EcoRI fragment of AHI-2. There

was no detectable homology outside the region of the insulin gene (data

not shown).

Location of Repetitive Sequences Flanking Human Insulin Gene

When we initially used the EcoRI fragment (coordinates -3800 to

9400 (Fig. 1)) containing the insulin gene from XHI-2 as a probe in

hybridization to EcoRI digested DNA, the EcoRI fragments containing

insulin sequences were evident (Fig. 4A, lane 1) but the background

hybridization was high and with longer times the lane was completely

exposed. This suggested that this 13 kb EcoRI fragment also contains

sequences which are represented many times elsewhere in the genome and

are present on EcoRI fragments of all sizes. XhoI digestion of the 13

kb EcoRI fragment generates five fragments of 5.0, 3.5, 1.9, 1.5 and 1.4

kb (Fig. 1). Each of these fragments was isolated, labeled by nick

translation and hybridized to EcoRI digested DNA. The 5.0 kb XhoI

subfragment (coordinates -2400 to 2500 (Fig. 1)) hybridized only to the

two "allelic" EcoRI fragments which contain insulin gene sequences (Fig.

4A, lane 2) and of which it is derived as did the 3.5, 1.5 and 1.4 kb

subfragments (coordinates 2500 to 6000, 6000 to 7500 and -3800 to -2400,

respectively (Fig. 1)) (data not shown). The cloned insulin cDNA also

hybridizes to the same size EcoRI fragments of the DNA preparation as

the subfragments of the cloned genes indicating that there is a single

insulin gene in the haploid human genome and that the difference in

EcoRI fragment length is indicative of a length polymorphism in a region

flanking the gene. Moreover the hybridization of the 5.0 kb XhoI sub-

fragment which includes the insulin gene with flanking and intervening

sequences to a unique EcoRI fragments indicates that these sequences are

single copy. The 1.9 kb XhoI subfragment (coordinates 7500 to 9400 (Fig.

1)) did not hybridize specifically to any EcoRI fragment but did to many

different EcoRI fragments (Fig. 4A, lane 3) and thus contains repetitive

sequences. This 1.9 kb XhoI subfragment was further digested with SacI

which generates three fragments of 935, 542 and 375 bp (coordinates 8420

to 9400, 7500 to 8042, and 8042 to 8420, respectively) and the hybridi-

zation analysis was repeated (Fig. 4A, lanes 4-6). The 542 and 375 bp

SacI fragments contain repeated sequences.

It is also possible to locate repetitive sequences in isolated
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FIGURE 4. Identification of repeated seque es around the human insulin
gene. A. Hybridization of human DNA with P-labeled restriction frag-
ments. DNA prepared from a male placenta was digested with EcoRI,
electrophoresed in a 0.85% agarose gel and transferred to nitrocellulose
filters. Fragments o52 XHI-2, subcloned in pBR322 and then purified by
electrophoresis were P-labeled and hybridized to the filters. As
described in the text, there is a length polymorphism in this DNA prepar-
ation in the region between the BglI site at -1300 and a PvuII site at
-269 and therefore hybridization is seen to two EcoRI fragments of
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approximately 15 and 13 kb. The 15 kb fJgment contains a 2 kb insertion
not present in the other fragment. The P-labeled restriction frag-
ments identified by their coordinates in Fig. 1 are: 1. EcoRI fragment
-3800 to 9400. 2. XhoI fragment -2400 to 2500 (this fragment contains a
100 bp sequence in XHI-2 not present in XHI-1 (see text) but identical
results were obtained when this fragment was prepared from kHI-1.
3. XhoI-EcoRI fragment 7500 to 9400. 4. SacI-EcoRI fragment 8400 to
9400. 5. XhoI-SacI fragment 7500 to 8040. 6. SacI fragment 8040
to 8420. The extensie hybridization observed in lanes 1,3,5 and 6 is
of sequences in the P-labeled restriction fragment which are repeated
in the human genome and present on EcoRI fragments of all sizes.
B. DNA prepared from XHI-2 was digested with EcoRI, electrophoresed in a
0.85% agaros gel, stained with ethidium bromide (left lane) and hybri-
dized with P-labeled humah DNA (right lane). The fragments sizes (in
kb) are 19.8 (lambda arm), 13.2, 10.9 (lambda arm), 2.2, 1.85 and 0.6
(the hybridizing fragment is underlined). Arrowheads indicate the
positions of these last three fragments. These were evident in the
original photograph. C. The 13.2 kb EcoRI subfragment of XHI-2, sub-
cloned in pBR322, was digested with EcoRI and then XhoI (lanes 1 and 3)
or SacI (lanes 2 and 4), electrophoresed in a 0.85% agNose gel, stained
with ethidium bromide (left side) and hybridized with P-labeled human
DNA (right side). The fragment sizes (in kb) are: 1. EcoRI-XhoI digest,
5.0, 4.4 (pBR322), 3.5, 1.9, 1.5 and 1.4 (the hybridizing fragments are
underlined). 2. EcoRI-SacI digest, 6.0, 4.4 (pBR322), 4.0, 1.3, 0.9,
0.4 (this fragment was not visible in this stained gel and the region
where hybridization to fragments of this size would be expected is
indicated by the arrowhead).

genomic DNA segments by hybridizing labeled genomic DNA to immobilized

cloned restriction fragments since with standard hybridization conditions

only repeated sequences will hybridize (19). This is a rapid and facile

procedure since it does not require the isolation of large numbers of

DNA fragments. We used this procedure to confirm and extend our initial

studies (Fig. 4 and 5). As expected the 13 kb EcoRI fragment of )HI-2
contained repetitive sequences (Fig. 4B). Its 1.9 kb XhoI subfragment

hybridized with the genomic DNA probe (Fig. 4C, lane 3) as well as a

1.25 kb SacI subfragment (coordinates 6790 to 8042) (Fig. 4c, lane 4).
In contrast, to the results described above, there was no hybridization

to a 375 bp SacI fragment. This hybridization analysis of the 1.9 kb

XhoI subfragment indicated that the smallest fragment which contains

repetitive sequences is the 300 bp XhoI-BglI fragment (coordinates 7500

to 7800) (Fig. 5, lane 2). The two procedures furnished complementary

results except in one case. Using isolated restriction fragments as

probes, the 375 bp SacI fragment also appeared to contain repetitive

sequences (Fig. 4A, lane 6), however this fragment did not hybridize

with the nick translated genomic DNA. The reason for this discrepancy is
unknown, but as discussed below this fragment contains a 40 bp homo-
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FIGURE 5. Identification of repeated sequences in the 1.9 kb XhoI-EcoR_
fragment 7500 to 9400. DNA was digested, electrophoresed in a 4% acryla-
mide, 0.6% agarose composite gel cross-linked with N,N'diallyltartardia-
midel, stained with e~~idium bromide (A), transferred to nitrocellulose
and hybridized with P-labeled human DNA (B). The restriction enzymes
and fragment sizes are: 1. Undigested DNA, 10 bp (the hybridizing
fragment is underlined). The size of the undigested fragment is 1850-
1900 bp. 2. BglI-digested DNA, 650 bp, 600 bp, 318 bp, 300 bp.
3. PstI-digested DNA, 1900 bp (no cleavage sites). 4. PvuII-digested
DNA, 1350 bp and 528 bp. 5. AvaI-digested DNA, 900 bp, 355 bp, 270 bp,
160 bp, 150 bp, 29 bp and 15 bp. The latter two fragments determined by
sequence. 6. XmaI-digested DNA, 15 bp, 180 bp and 15 bp (determined
by sequence). 7. HaeII-digested DNA, 1900 bp (no sites). 8. SadI-
digested DNA, 935 bp, 542 bp and 375 bp. S. HaeIII-digested 0X174 DNA
standards.

polymeric sequence which is present.at least twice in the 1.9 kb XhoI

subfragment. It could also be present elsewhere in the genome but at a

lower frequency than the other repetitive sequence and therefore does
not hybridize with the labeled genomic DNA under the conditions used.

We also used 2D-Southern blotting (19) to determine if any of the

sequences in each of the XhoI subfragments of the 13 kb EcoRI fragment
of XHI-2 (see Fig. 1) was present elsewhere within this EcoRI fragment.
There was no cross hybridization between any of the XhoI subfragments.
Other 2D-Southern blots also indicated no homology between the four

EcoRlI fragments of XHI-2 as expected from experiments described above

4100

J



Nucleic Acids Research

(data not shown).

These analyses establish that this 19 kb segment of human DNA

contains a repeated sequence of approximately 300 bp and possibly a

shorter sequence of approximately 40 bp which is also present elsewhere

in the genome but at a lower frequency.

Sequence of Repetitive DNA Element Flanking the Human Insulin Gene

The hybridization analyses described above established the boundaries

of a repetitive sequence element centered approximately 6 kb from the 3'

end of the human insulin gene. In order to identify the repeated
sequence and to determine the nature of the non-repetitive flanking
region we sequenced XHI-1 in the vicinity of the repeat. A restriction

map for the 1.9 kb XhoI subfragment and the strategy for sequencing this

region are presented in Fig. 6. The nucleotide sequence determined for

this segment (Fig. 7) indicates that the repeat is a member of the Alu

family of dispersed middle repetitive sequences (11). The sequence is

limited by almost perfect 19 bp direct repeats (Fig. 7, positions 54-72
and 386-4o4, Fig. 8). There is only one mismatch in the sequence

AAAACAAGCAGGAGAGGCT. If these direct repeats mark the boundaries of the
GAlu family repetitive sequence, then this member (Fig. 7, positions 73-

385) is 313 bp exclusive of terminal repeats which is similar to a size

of approximately 300 bp determined for members of this family by reassoc-

iation kinetics (9). The hybridization experiments described above

placed the boundaries of the repeated sequence near the XhoI site and

the BglI site centered around nucleotide 300. There was no detectable

(7500) (7800) (8042) (8118) (8420) (8770) (9400)
Xho Bgl lSObp BgI Sac Bgl Eco RI

200p200bp- V.
l l

180bp 18

Hinf Pvu II Hinf
(7760) (8026) (8251)

FIGURE 6. Restriction map of the 1.9 kb XhoI-EcoRI fragment containing
the repeated sequences and the strategy for determining their primary
structure. The coordinates of relevant restriction sites are indicated.
The direction and number of bases determined from each labeled restriction
site are shown. The position of the Alu family repetitive sequence
member is indicated by the box. The arrows below the restriction map
indicate the position and orientation of short repeated sequences in
this region.
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10 20 30 40 50 60
C AGGGA GAJOtGGGSG CUG G GPOCI C PCATCrr AGITAAACAA
GPArcOCVCC C GACOCIGCC'mmNTAATC

70 80 90 100 110 120
GCAGGAGAGG 3GS CA CTATAA A:CIT1G GAGCGG

:l; GPOC P~AaTAG GATATTAGGG qAAA7 CCGACra

* 130 140 150 160 170 180
Q3GGCNA rCTG¶C GGGaM GACCA ACGG AGPOCA

G~fl~~T3¶GG~~LoocTcAAGT ciLVGGom ToGIuKuOZ ¶eTrI'GGGGT

190 200 210 220 230 240
CAT APCQAAACAAA UTPlGCPC TGOCAGATAT
AGAAAGAT 1 AATGA CAPCG'IY3G TAKWGACATr AGG1TATA

* 250 *260 270 280 290 300
TCGX CT GAGCCAGGAG AATTrGA AGGAAG CAGAGrI GCAGOOGA
AGOOCTO CTAGOGAACT GCT A GAOGGGCT

310 320 330 340 350 360
GAMGCAXCA aC CA G1M CGA AA AJOOCit= AAAAAACAA
CGTC3GI AAC1 ;IG7 G3IT'ItflCTGAGOCA 1'FrMGM

370 380 390 400 410 420
ACAAA ATAAAACAA MCAAAATC AAGCAG GGCG GO Ca-C
TTTGT:TT TN'lTrfTr AG1wITMTItUI 'CCC acc PADGGPAIG

430 440 450 460 470 480
AE GTAC AA7CGC ;GGCOC AMCAGGA PAGOGITT GCAGTIT
~G~U~ATG ~TAGOCAQOG GGASGG OGAAA

490 500 510 520 530 540
CANXXJNG Ca AAGGAA= AGGGCAGGA GAAASCT[AG C[GCAMC
GFKrGGG~c GSEG~TPG Tr~TI~JGGG ; CTITAGIC GAT G

550 560 570 580 590 600
AU 3AG APCAGAGG CAGAATr CAGGPGG GwXG:GGPVCTLA

MAGT iT rrTG7nTrTr ATc G-CLXXPDjC_C_ CGAAGGA~TC

610 620 630 640 650 660
PAGTIT GCI CTCGGCClOCIA cms C
2UZCACAG GGGGA ACAC CGGAACTCT CCGAT GACOGG

670 680 690 700 710 720
ACOAGSG AGCP GGOOCACT CTMAcA
TGPAGG7 Vr! GCSGnAGG7TAGIT A aGGAC GGAfGAGGA

73 740 750 760 770 780
GTrWCAGc C :GCT GAAAAZCA GA C AGCPCCAAG TT1rGTr=
CATCOG KGXGACA CmTSGG CCGGAGGT AAAACAAAAC

790 800 810 20

AAAAAACAAA CAAACGAACA ACWAAACM S A

FIGURE 7. Sequence of a member of the Alu family of dispersed middle
repetitive human DNA sequences and flanking regions. The 19 bp direct
repeats at the boundaries of this member are indicated by double under-
lining. The 83 bp duplicated sequence is underlined. Asterisks mark
the boundaries of the putative 14 bp replication origins (see text).
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Internal homology in human Alu family repeat unit

386 AA AACAAGCAGG AGGGCT
** ********** ** ****

36 CICTGMCCAT CITTAArAA AACAPACAJG AGAGGCPG G T0GG G CAO=CATA
* * * * *** *** * ** * ****** ** ****** ******* **

171 AGAAACCOCA [TT AAC CAAA AT]ACI[WG UGGTGGCA CA70CIlTA

SV40 ori CAGPAGC PAG0GGOC 'IC
***** ******* *

96 ATcCACAc TrrAGACmG mwA0G PAG[Tc Jfl AGsGGAG TI'AAGAfCA
******* ** ****** ****** ** *** * ** * **** **

230 ALCCATA AXi CAGGA GAATGI' AAC¶TGGGAA GCAGAGGTrG

156 GOCTGAOCAA CAGGAGAAA (XIACTPAAAACTA CAAAAT
**** * * ** * * *

290 CGCOAGOG AGA[SGCACC ATIWJCC AGOCTLGGCA CGAPGA

FIGURE 8. Nucleotide sequence homologies within the Alu family repeat.
The homology was maximized by inserting a space when necessary. Matching
bases are indicated by asterisks. The position of each sequence segment
in Fig. 7 is indicated by nucleotide number. Segments 386-104o and 54-72
are of the direct repeats which flank this Alu family member. Sequences
36-201 and 171-335 are the regions around and including the 83 bp internal
duplication. The regions of homology with the SV40 origin of replication
are also indicated.

hybridization to the adjacent 325 bp BglI fragment (Fig. 5, lane 2)

although it contains 85 bp of the repeated sequence. This could reflect

that sequence homology between members of the family is greatest in the

region from position 73 to 300 and less from 300-385. If the size of

the direct repeats at the boundary of this Alu family member is reduced

to the 7 bp sequence, AAAACAA, there are 3 additional positions (Fig. 7,

positions 354-360, 360-366 and 374-380) at which the right hand boundary

of the direct repeat could be placed. Interestingly, the left boundary

sequence (Fig. 7), positions 54-136, is homologous (62 of 83 nucleotides

(75%)) to an internal sequence, positions 189-270 (Fig. 8). 12 of 19

nucleotides of the direct repeat flanking the Alu repeat are present in
this internal sequence. These two homologous regions contain a 14 bp

sequence (Fig. 7, positions 110-123 and 2)45-258) present near the origin

of replication of several viruses including SV40 (Fig. 8) (20). The

nucleotide sequence homology between members of the Alu family does not

appear to be greater within this 83 bp duplicated region than in adjacent
regions. A similar duplication is evident but the homology is lower in
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the partial sequence of another member of the Alu middle repetitive DNA

family determined by Rubin et al. (11). The available data does indicate

though that each Alu family member may contain two regions homologous to

SV40 origin of replication.

The sequence (Fig. 7) also contains a 459 bp region (positions 351-

809) whose boundaries are approximately 40 bp inverted repeats (positions

351-389 and 771-809). One boundary of this region lies within the Alu

repeat unit. The relation of other Alu repeat members to structures like

this is unknown, but all three members which have been sequenced contain

an A-rich region which is a part of one of the two direct repeats (11,20).

This region is reminiscent of several 5S and tRNA genes which are flanked

on their 3' side by an dA-rich sequence in the coding strand and which

is probably involved in transcription termination (21,22). We have

examined the sequence within the inverted repeats for tRNA-like sequences

and found none. As discussed above and indicated in Fig. 4A, lane 6, a

portion of the sequence of 375 bp SacI is repeated elsewhere in the

genome. We believe that the observed hybridization of this SacI frag-

ment is of the essentially homopolymeric sequence, positions 771-809,
which comprise one half of the inverted repeat. These data indicate

that some of the inverted repeat (fold-back) structures observed in

human DNA may be generated by complementary homopolymeric sequences (23).
Location of a Repetitive Sequence Flanking the 3' Side of the Rat Insulin

I Gene

The position(s) of repeated sequence(s) in a 9.4 kb segment of rat

DNA containing the insulin I gene (3) was determined by hybridization of

labeled rat DNA to separated DNA fragments of the 9.4 kb segment (Fig.

9A,B). The data indicate that there is a repetitive sequence in a

region 750-1850 bp from the 3' end of the gene (Fig. 6C). This rat

repetitive sequence however does not hybridize with the human sequence

(data not shown).

DISCUSSION

The sequences flanking the human insulin gene have been examined in

order to assess their possible role in the regulation of insulin biosyn-

thesis. We identified a region 700 bp from the 5' end into which there

is apparent insertions of DNA. These insertions can vary from 100 bp to

at least 2000 bp and in the one instance in which the inserted DNA has
been analyzed, XHI-2 (Fig. 1), hybridization studies indicate that it is
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FIGURE 9. Identification of repeated sequences around the rat insulin I
gene. The 9.4 kb EcoRI fragment containing the rat insulin I gene,
subcloned in pBR322, was digested, electrophoresed in a 0.85% agarose
gel, stained with etjidium bromide (A), transferred to nitrocellulose
and hybridized with P-labeled rat DNA (B). A restriction map of the
fragment is shown in (C). The preproinsulin mRNA coding regions are
indicated by solid boxes (1,2) and A is the intervening sequence. The
arrow indicates the direction of transcription. The repeated sequence
is located within the open box. The coordinates above the restriction
map (in bp) are relative to the 5' end of the mRNA (position 1). The
digests and fragment sizes (hybridizing fragments are underlined) are:
1. EcoRI-digested DNA, 9.4 kb and 4.4 kb (pBR322). 2. EcoRI-BanHI
digested DNA, 5.9 kb, 4.0 kb (pBR322), and 3.5 kb. 3. EcoRI-SacI
digested DNA, 4.4 kb (pBR322), 4.1 kb, 2.8 kb and 2.5 kb. 4. EcoRI-AvaI
digested DNA, 6.4 kb, 2.9 (pBR3 T, 2.0 kb, 1.4 kb (pBR322) and 0.9 kb.

4105



Nucleic Acids Research

single copy sequence. The significance of insertions in the region

flanking the gene which would presumably interact with transcriptional

regulatory molecules is unclear, however they could conceivably affect

insulin gene expression, for example, deletion of DNA greater than 2500

bp from its 5' side suppresses a-globin gene expression (24).

A comparison of the non-allelic rat insulin I and II genes indicated

that they are homologous for approximately 500 bp on the 5' side of the

genes whereas they have rapidly diverged on the 3' side (4). The sequence

conservation before these genes suggests some common function possibly

in the regulation of transcription. The analysis of heteroduplexes

between the human and rat I insulin genes indicated that the sequence

conservation between these insulin genes is restricted to the insulin

encoding and immediate 5' flanking regions. These are also the regions

which have been sequenced (1,3,4). The absence of extensive sequence

homology flanking the human and rat insulin genes indicates that presump-

tive regulatory sequences are either conserved and close to the gene in

the regions sequenced, that is within 100-150 bp, or less highly conserved

and species specific. There is a similar absence of sequence conservation

in the flanking regions of the chicken insulin gene as well (25).

We have identified the repeated sequences in a 19 kb region of

chromosome 11 containing the 1430 bp insulin gene and including 5.6 kb

before and 11.5 kb after the gene. Using two procedures of differing

sensitivity, we observed that the repeated sequences are restricted to

an approximately 500 bp region centered 6 kb from the 3' end of the

insulin gene. There are no repeated sequences within 5.6 kb of the 5'

end of the gene (this is the end of the cloned segment). We were also

unable to detect sequence homology between subregions around the insulin

gene, indicating the absence of localized, short range sequence repe-

tition or pseudoinsulin gene sequences. The insulin gene then is

embedded in a region of unique, nonrepetitive sequence of at least 11

kb.

The repetitive unit which is distal to the insulin gene possesses

79% sequence homology with clone 8 described by Rubin et al. (11)
indicating that it belongs to the Alu family of dispersed middle repe-

titive sequences. This 313 bp sequence is bounded by 19 bp direct

repeats. Jelinek et al. (20) partially characterized one of the seven

members of the Alu family present in a 65 kb region of chromosome 11

which contains the a-globin gene cluster (12). The sequence of this
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member is homologous with the one described here but appears to termin-

ate in 10 bp direct repeats whose sequence is different from the 19 bp

repeats described here. This suggests that the mechanism by which the

Alu family repeat is inserted into the chromosome is similar in that

direct repeats are generated at each end of the segment but variable in

that the length and sequence of the direct repeats are different. The

dissimilarity in sequence of these short direct repeats indicates that

they are probably not part of the Alu family member but are duplications

of a region of the chromosome generated upon insertion. The determin-

ation of the sequences flanking other Alu family members will clarify

this but it appears that Alu family members lack the terminal direct

or inverted repeats which are part of transposable elements, for example

the dispersed middle repetitive sequences Tyl in yeast (26) and copia,

412 and 297 in Drosophila (27,28), animal retroviruses (29), and bac-

terial insertion sequences and transposons (reviewed in Calos and Miller

(30)). It is unknown whether members of the AluI family can also

transpose, however if they do, they would be the smallest transposable

elements which have been described and their mechanism of transposition

must be different since they lack the terminal repetitive sequences

characteristic of other transposing elements. We have examined two

allelic insulin gene regions and both possess this repeated sequence in

the same position. We have not determined its sequence in both alleles.

This conservation of position of the Alu family repeat suggests that

they are probably not highly mobile.

The function of the Alu family of middle repetitive sequences is

unknown. The family is composed of approximately 300,000 members and

comprises 3% of the human genome (9). At least some members, or portions

of, are transcribed (20). This RNA appears restricted to the nucleus,

and it has been suggested that it is involved in post-transcriptional

processing of pre-messenger RNA. Also because of homology between a 14

bp segment of the Alu repeat and a region in the vicinity of the origin

of replication of papovaviruses, Jelinek et al. (20) proposed that these

middle repetitive sequences are origins of chromosome replication. The

data presented here as well as that of Rubin et al. (11) indicates that

there are two 14 bp segments in the Alu family with homology with viral

origins of replication, not a single region as indicated by Jelinek et

al. (20). Doolittle and Sapienza (31) and Orgel and Crick (32) have

proposed that middle repetitive DNA sequences may be examples of selfish
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genes and may not possess a phenotype upon which natural selection can

operate but may be preferred replicators. The Alu family of sequences

has the properties proposed for selfish genes, i.e., multicopy sequences

(genes) possessing origins of replication. In the 65 kb DNA segment

containing the 0-globin gene cluster, there are seven repeated sequences

and all are probably Alu family members (12). They are located within

the intergenic regions and appear to separate this segment of chromosome

11 into three regions: embryonic, fetal and adult $-globin genes.

However it remains to be determined whether this organization has a

functional role in the temporal regulation of a-globin gene expression.

In the 19 kb segment of chromosome 11 around the insulin gene, we have

identified only one member of the Alu family. The position of the next

member is greater than 13.2 kb on one side and 5.5 kb on the other (on a

statistical basis they would be expected to occur once every 6000 bp).

We are presently trying to determine the positions of Alu family members

at well as the location and identity of other genes around the human
insulin gene to ascertain whether Alu family members are the boundaries

of a DNA segment which contains genes expressed only in B cells, of the

pancreas.
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