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SUMMARY: In the rat insulin-like growth factor II gene we 
identified an alternative 5'-untranslated sequence, in addition 
to the two sequences documented recently (1986) J. Mol. Biol. 
192 * 737-752, 11986) J. Biol. Chem. 261. 17138-17149. This 
seque .ce was encoded in an extreme 5'separate exon (El exon), the 
promoter region of which could be distinguished from others by 
features including lack of the TATA-box and GC-repeat, and 
heterogenei'ty in the transcriptional initiation. o 1987 Academic PESS, 13~. 

The insulin-like growth factors I and II (IGFI and IGFII) or 

the somatomedins are mitogenic polypeptides that play an 

important role in fetal and postnatal growth. The presence of 

multiple RNA species is a common expression pattern of IGF genes 

(l-4). Analysis of rat IGFII (rIGFI1) cDNAs and its genome led 

to identification of two promoters which are partially 

responsible for generating multiple rIGFI1 RNAs (1,2). We report 

here a detailed analysis of 5'-structures of rIGFI1 RNAs and the 

gene, and the presence of an additional leader-exon located in a 

further 5'-region of the recently-characterized two leader-exons 

(1,2). 

EXPERIMENTAL PROCEDURES 

Recombinant Libraries: The poly(A)+ RNA was prepared from 
transplantable rat hepatoma AH60C cell line by a combination of 
guanidine thiocyanate-CsCl extraction (5) and oligo(dT)-cellulose 
column fractionation. A cDNA library primed with poly(dT)-tailed 
plasmid was prepared from AH60C poly(A)+RNA as described (6). A 
primer-extended cDNA library was constructed with AH60C poly(A)+ 
RNA and synthetic oligonucleotide (primer I, 5'CCACTTCCTACCCATAGT 
TT 3' or primer II, S'CGATGCAGCACAAGGCGAAG3') according to the 
method of Watson and Jackson (7) except for the use of 
methylmercuric hydroxide for RNA denaiuration. 
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The rat genomic library in XCharon 4A phage was purchased 
from Clontech Lab. Inc. (Palo Alto, CA.). 

Other methods: Nucleotide sequence was determined by the dideoxy 
chain-termination method (8). Conditions for Sl nuclease 
analysis were essentially as described (9). 

RESULTS AND DISCUSSION 

We isolated several rIGFI1 specific cDNAs from hepatoma 

AK60C libraries primed with either poly (dT)-tailed plasmid or 

the synthetic oligonucleotide primer I. A schematic 

representation of rIGFII cDNA with a restriction map is shown in 

Fig.lA. The composite sequence consisted of 543 bases of the 

coding region for the rIGFI1 precursor protein and 2889 bases of 

the 3'-untranslated region. The clones from a primer I-extended 

library, however, contained three different sequences (El, E2 and 

B) &untranslated nucleotide sequences of cDNAs 
cDNAs extended cDNAs extended 

by primer I by primer II 

El) 
wFE4 CCTCCCCCAGCGGACCCCACCTTCCCCCT CC TACCAaGGCATCCCA XH31 

E2) CGCTTTCTGTTTCTCTCCGT 

GCTGTCCTCTCCCCCTGTGAGCCTACCCGCCTCTCGCTGTCCTCTCTCCCTCTCTCCCTC 

TCTGTGGTCCCCCCCCTT?CACG~CACTCTGTCTCTCTCACTATCTCTGCCCCCCAACT 

ATCCTTGATACMCAGCTGACCTCArrrCCCGATACCTTTCCCCCCCCCGAAAATACAGT AH15 
ATCTGGCCCGCCCCAGCCCTAAGATACCCTAAAGMGCAGAAGAGACGCCCCCCTCCCCA 

TCAAAAAAAGCCATCTCCCCGTTCTGTCCCGTCGCACATTCGGCCTCTGCGACTTGGACA 

GAGCCGCGCTCGCAGAGGAGTGCCCGGCAGMCGGCC~CGCCCGCTGTTCGG~TGCAT 

ACCCGCAGCAGCGAGATGGGCGGCAGCGTCGCCGGC 

AS50 

xs15 

XS25 

E3) CCAGCCTTTTCCTGTCT 

E3 %%c~AATGGGGATCCC~ TCATCCTC~GCAGCCCCAGCGGCCTCCTTATUXACTTCA _ 

AH19 
XH22 
XH23 
XH25 
XH40 

AS3 
AS7 
AS9 
AS1 1 

and twenty 
other clones 

%kF-%~-*) 
Schematic presentation of rIGFI1 cDNA. The coding 

and 
the 

untranslated regions are represented by the open box 
thick line, respectively. The positions of primer I and 

primer II are shown under the cDNA structure. Restriction sites 
are : B, BamHI; H, HindIII; K, KpnL; s, SacI; X, XbaI. 
B) Alignment of three 5'-untranslated sequences CrIGFII cDNAs. 
ATG initiator was underlined. El, E2 E3 and E4 
denoted in Fig.2. The vertical line indicates 

exons are 
the exon-exon 

junction. The cDNA clones are classified according to their 5'- 
untranslated sequences. 
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E3) as the 5'-untranslated region diverging from the same 

position onwards (8 bases upstream from ATG initiator) (Fig.lB). 

Comparison with the genomic sequences published by Soares et al. 

(1) and Frunzio et al. (2) revealed that the sequences of E2 

and E3 were identical to those of longer and shorter alternative 

5'-untranslated regions, respectively, which were encoded in 

different exons. However, there was no matching sequence to that 

of El. 

To analyse the presence of another 5'-untranslated sequence 

in rIGFI1 transcripts, we constructed a new library by priming 

with the primer II locating at the 5'-proximity of the coding 

region (see Fig.lA). From the sequence analysis of 30 independent 

rIGFI1 clones isolated from this library, one clone had a 

homologous sequence to El, while twenty-four and two clones were 

identical to E3 and E2, respectively (Fig.lB). The remaining 

three contained only the coding region. No additional 5'- 

untranslated sequence was observed other than three variants. 

These results indicate that three alternative 5'-untranslated 

regions are present in rIGFI1 mRNA, and the RNA species with El 

and E2 sequences are about lo-fold less abundant than that with 

the E3 sequence. 

Four overlapping recombinant phage clones were isolated 

from a rat genomic DNA library to determine the location of the 

El sequence on the rIGFI1 gene. The complete map of the rIGFI1 

genomic region is shown in Fig.2A. The contiguous organization 

of the rIGFI1 and the rat insulin II genes (10) was confirmed 

by hybridization of XIGF-21 clone with the rat insulin cDNA. The 

sequence homologous to El was found 1.4 kilobases upstream 

from E2 exon, and the 3'-end of the sequence contained a 

canonical donor splice site (Fig.2B). Probes prepared from the 

upstream region of the BarnHI site gave no positive signal on 

Northern analysis ( data not shown). The El exon was thus 

considered to be located at the 5'-extreme of the rIGFI1 gene, 

which consisted of six exons (El through E6 exons from the 5' to 

3'). Exons El, E2 and E3 encoding 5'-untranslated region were 

used alternatively, and E4 and E5 exons contained the major part 

of the coding region. The 3'-part of the coding region and the 

whole 3'-untranslated region were located in a single exon E6. 

To delimit the El exon, Sl nuclease analysis was performed. 

The positions of the 5'-ends were determined with an AvaI-AvaI -- 
probe (45 to 757) as shown in Fig.3. Four major doublet and two 
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10 20 a0 Ikllobnml 

B) 
xm 
TCTAGAGGAi~CTCTGM&CACAGAAAiTAGACCTG 

Ava 
*QZGG TGCTGTAGG;;CCCACTGGC;TCAGGGTGA~CTTAGCCT~CACTCCCAC~ E 100 

~A~TIGACCCTT~NWK~ TCTGiTGTmmcACTCTCCCA~T~TAGGCA~~AAAATTA~CTCCCCCC~C~ 200 

TGTrCC~~AACAGCAACAGCAAACCACCIAAC~C~ATAAAATAG~CTAAGAT~~GTGGGTT~GC~GACTAAGAC~ 300 

TTAGGTTCCiCACGTTAGGbTTGGATCAA~ATGTTCCCC~TTTTTGCATkAAT &TCA~CGATTCT&TGGAA& 100 

~A&TTTGCCA ~~CCCA~TATGGAGT~TCA~CAAG;CCTCCTC 500 

nJgJj#%!4librTA- G TcArrc;rrrccccTG~ccA~~~~~~~~~TT~~~~T~~~~~~~AT~~~~~~~ 600 

~~&~~GI&~~~~~~G~~ C~ACACTGCGC;G~~~~GTGGG~AG~G~TG~T~~~~ 700 

TGTCCAGGA~~~CACTGG~CATTG~~CC~AG~C ’ 
Ava I 

~GG~ATTGTCCCCGGGT~TTCCA~CGGACTGGG~G~GCCCCG~GA~A~TGGG~ 800 

A~~G~TCTCGC;CACC~CAG~~CGTCCAC~CAGCAGCT~CCAC~CTG~AGCTCTCCC~CCCTTCTCC~ATC~ L&rid&t 900 

~~~G;GAG~TCCCCCTCGCCCCCTCC 1000 

TGCTGCGGG~TAGCGCGGG~GCGGGCTGC~GGC~CTCC~TTGGCGAC~~CGCT~CGGG~G~T~~GAAACA~GCGCCACT~GTATGCA~T~ 1100 

BanH I(b) 
TGCAMCAA~GCGGTGGTA~GGAAAGCGC~TGAGCGGCC~GGAAGCGGG~AAGGCAGAG~GCTCCGCCG~C~GGATCC 

Fig.2. rIGFI1 gene structure and nucleotide sequence around exon 
CA) Combined restriction map and exon-intron organization of 
rIGFI1 gene. Restriction sites are as in Fig.1. Exons are 
represented by filled boxes, and introns and untranscribed 
regions are shown by the thick line. The genomic DNAs are derived 
from four overlapping recombinant phages shown underneath. 
B) Nucleotide sequence of the El exon and flanking regions. The 
sequence corresponding to El cDNA sequence in Fig.lB is double- 
underlined. 5'-boundaries of El exon are marked with asterisks. 
A pair of horizontal arrow represents a dyad symmetrical 
sequence, and ATTTGGG and AATTTTCC repeats . . including their 
variants are boxed and underlined, respectively. 
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minor triplet bands (marked with asterisks in Fig.2B) were 

observed, and the intensities increased proportionately with the 

amount of RNA and persisted against increased concentrations of 

Sl nuclease. This 5'-end heterogeneity was also observed by Sl 

analysis using the BarnHI(AvaII fragment (508 to 897) (data not 

shown). The length of El exon varied thus from 260 to 371 bases. 

The primer extension analysis using a 39 mer complementary to 
nucleotides 686 to 724 yielded products extended up to the 
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poly(A)+RNA 5 10 5 2.5 1.25 ply 

Sl nucJeafg 50 loo 200 400 

622 - 
,,--,"- 

527- . 

Sl nuclease analysis of the El exon. A 712 bases AvaI- 
fragment was labeled at 5'-end. - After separation in a 

single strand, the probe was hybridized with indicated amounts of 
poly(A)+RNA (1.25 to lOpg), 
400 units) digestion. 

then subjected to Sl nuclease (50 to 
Arrowheads indicate protected bands. FL: 

full length probe. G+A: G+A sequence ladder. M: WI-fragments 
of PBR322. 

similar positions observed with Sl analysis (data not shown). 

These results indicate that the initiation of El transcription 

takes place heterogenously at multiple positions. Northern 

analysis using El probe and AH60C poly(A)+RNA gave major band at 

about 3.8kb in length, while E2 and E3 probes gave 4.6kb and 

3.6kb major products, respectively (data not shown). These 

sizes were in good agreement with those expected from cDNA and 

genomic sequences. 

The promoter region upstream of El exon (El promoter) was 

distinguished from those of E2 and E3 exons by several remarkable 

features. Firstly, typical eukaryotic promoter elements 

including TATA-box and CC-repeat were present in the E2 and E3 

promoters cl,21 but absent in the El promoter. The lack of an 

apparent TATA-box sequence must be related to the heterogenous 

startsites, as observed in other TATA-less genes (11,121. 
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Therefore, it is of interest to note that a number of dyad 

symmetrical sequences are located at positions 20 to 30 bases 

preceding many startsites. These sequences may mimic the TATA 

function. In addition, the intergenic region contains two 

repeats, ATTTGGG and AATTTTCC. The former repeat is homologous 

to a CAAT box in dihydrofolate reductase gene (13). Secondly, 

a number of short AT rich tracts were scattered in regions far 

upstream from the startsites. Some of these sequences were 

closely related to the cleavage consensus of topoisomerase II 

which is sometimes associated with enhancers (14). 
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