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WC have characterized the gsno which encodes mouse secretogranin II (previously also referred to as chromogranin C), a tyrosinc-sulhtcd secretory 
protein belonging to the grunin (chromopranin/sccretogmnin) C;lmily which is found in secretory granules of most endocrine cells and neurons. 
The secretogranirr II gcnc was found to contain 2 exons. In contrast to chromogranin A and cbromogrenin B, the two previously characterized 
granin genes, the entire secretogranin II protein is encoded by a single cxon, exon 2, with exon I containing only a S-untranslated scqucncc. 
Consistent with previous data on the expression ofsecretogranin II, the pututivc promoter region was found to contain a CAMP-rcspamive elcmcm 

and a potential AP-I binding site. 
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1. INTRODUCTION 

The granins (chromograninslsecretogranins) are a 
family of acidic secretory proteins found in secretory 
granules of a wide variety of endocrine cells and neu- 
rons (for review, see [l]). The selective neurocndocrine 
expression of these proteins has been documented, at 
both the protein and mRNA level, by numerous studies 
(for review, see [2]). However, little is known about the 
molecular mechanism underlying the regulation of tran- 
scription of the granin genes. A first step towards the 
analysis of this regulation is the cloning of these genes. 
Of the three classical members of the granin family, 
chromogranin A (CgA), chromogranin I3 (Cgl3, origi- 
nally called secretogranin I [3]) and secretogranin II 
(SgIl), only the genes for CgB [4] and CgA [5,6] have 
been cloned so far. 

The elucidation of the primary structure of CgA [?$I, 
CgB [9] and Sgll [ 10,l l] has revealed that CgA and CgB 
are more closely related to each other than either pro- 
tein is to SglI. The cloning of the genes for CgB [4] and 
CgA [5,6] showed that the structural homology between 
the CgA and CgB proteins is also reflected at the level 
of the gene in a very similar genomic organization. 
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Given the structural differences between Sgll and the 
two chromogranins, it is important to investigate the 
organization of the !$$I gene and to compare it with the 
genes for CgA and CgB. We report here the cloning of 
the mouse SglI gene, and describe its promoter and 
exon-intron organization. 

2. MATERIALS AND METHODS 

Standard molecular biology procedures [12] were 
used throughout. 

2.1. Clotting of the tnoim Sgll gene 
A eenomic librarv of FK57BLllixSJL) mouse DNA was con- 

I~ I . 

strutted using the lambda DASH vcclor (St~atagcnc). This library wi15 
screened with a full-length rat Sgll cDNA, which cxtcnded = 40 nuclc- 
otidcs beyond the 5’-end and = 440 nuclcotidcs beyond the 3’-cnd of 
the published cDNA sequence IlO]. This cDNA had been rclcased 
from its cloning veclor by Hlrldlll and EcoHl and, due to the presence 
of an internal Ed3 I site. was used in the form of two DNA fragments 
of i3 0.6 kb (5’) and a I .8 kb (3’) size. Alternatively, the cDNA was 
released with ,%%oI, which yields a 5’ fi 1.7 kb and a 3’ ~0.7 kb 
fragment. The insert of LIIC gcnomic !?&I clone was rclcnscul from the 
lambda vector by either /%RI or Xbrrl. The EcoRI- or the XbuI- 
released insert was subjected to restriction mapping using various 
en~~mcs. .FcoRI. XbaI, and EcoRI-A’brrl fragmcnls wcrc subcloned 
into Bluescript (Stratagene) or pSP73 (Promega) vectors. Southern 
analysis after digc:cslion of the insert with /Zc’coRI. X6rrl or other en- 
zymes was performed using, as probes, either the two fngments ofthc 
full-length rat Sg11 cDNA, the 5’ R 0.G kb Hindlli-EccrRI fragment 
of’ the rat SglI cDNA, the x: 0.7 kb A%oI fiagrncnt derived from the 
very 3’~end of the rat Sgll cDNA, or sclcctd EcoRI-Xbul fragments 
of the mouse SgII genomic DNA. 

For sequencing, subclomd DNA fragments were subjected to dclc- 
lion cloning when necessary. iioubir-str%ikb ~X.4 sqiifndng K’PS 

performed by the didcoxy-chain-termination method, using oligonu- 
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0 
TTGTGGCTGCACCAGGAAATGG~GCTRTPTETTTATAGGGATAGTCATTATCTGTAAAATTCTTATGACATGGCAGC~GCCCAAGAAACCTTTCT~C~GGCG 

TG~CGC:.GI~GATGTCCTTGCAATPAG'I'CAT~TCTATCTGACAGATTTCTTCCTTTCT~GGG~TTTGTGCTG~C~rTTTATT'rCGAGCCTCAGAG.~r~GMGGGGG~G~G 
. . . . . . . 

CTGTAGTTTTTGCTACATAAGACAGGTGGCGTAGCATGCAACGCTTTAAAUAA TATCTAAAGTGATTGTTTTCTCTCGGATTCTTTG~GCTCGCCTGCGCTGGGGTTTGAGGCT 

+'-p 7 
GAGCCGGTGACGTCAGCGTGG~TGCGGAGTCAGGCGCCCAGGCTCT~CCGAGGAGC'rGTCCGGTGCT AMCGGCCCGRGCCCTCACPCAGCGGCAGGAGAGGAGCATGCTTGG 

8x0" I+- - - - - _ - - - _ I. _ - intron(m3,Qkb)- - - - - - - - 

AGCCTTCCACATAnTATMGAChGnGgtaagactgctttctctcctattt~ctgg~aag:tctc~tttg.................... . . . . . . . . . . . . . . . . . . . . . . ..*...... 

---B--m - 53 exon 2 
ctgtgataatctqtattttctatgttttcagGNViT ARGGCGTACCGACTTGGAGCAG~TCPGCTTCT’rATCCACTT~TTTTCCTCAT~rC~GGAGi~ 

Fig. 1. The mouse SglI gene. (A) The DNA sequence shown includes: (i) the putaive promotor region with a potential AP-I binding site (dotted 
line), o cyclic AMP-responsive element (thick bar) und a TATA box; (ii) exon 1; the Y-ends of the various primer extension products are indicated 
by the arrowheads (sizes reflect their abundance, set bottom panel); the thin bar indicates the position of the oligonuclcotide Pl primer usd For 
primer extension annlysis; (iii) intron 1 (dashcul iinc, lower case lcttcrs); (iv) exon 2 with the start and stop codons of translation (dots) and two 
palyndenylntion signals (npcn triangles); the most 3’ capital ‘A’ corresponds to the beginning of the poly-A track of the rat mRNA; the thin bar 
indicates the position of the oligonucleotide P2 primer used for primer extension analysis. (6) Mapping of the Sgll mRNA start sites by Frhller 
extension analysis using the Pl oligonucleotidc. Lane I: mouse liver RNA. tune 2: AtT-20 RNA. Lanes GATC: an unrelated sequencing reaction 

used Lo calibrate single nucleotide sleps. Arrowheads correspond to those in (A). 
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Fig. 2. Comparison of the amino acid sequences of Sgll from mouse (mSglI), rat (rSgI1) [IO], human (hsgll) [II] and bovine (bSgl1) [14], and of 
the SgII-derived frog pcptide (fSglI)[17]. Gnps inlroducrd for aligning the sequences are indicated by dots. Amino aoid residue5 in m?, human, 
bovine and frog $311 that arc identicnl to the corresponding residues in mouse SgII are shown as dashes. The number -27 indicates the beginning 
of the signal pcptide, end + 1 indicates the putative nmino-terminal residue after signal peptide cleavage. The numbers on the ri&ht rekr IO this 

amino terminus. Double asterisks: dibasic sites; Bold S: putative tyrosine sulfation site. 

cleotids primers corresponding either to vector scquenccs or to mouse 
genomic Sgll sequences. 

3. RESULTS AND DISCUSSION 

2.3. Primer exretuion 
The Y-end of the mouse Sgll mRNA was determined by primer 

extension ns described [13], using AMV reverse transcriptnsc at 42°C. 
A 21-mcr oligonucleotidc with n sequence complementary to part of 
exon 1 (refcrrcd to as PI primer, see Fig. IA) nnd a 20.mer oligonulc- 
otide complementary to the S-end ofcxon 2 (referred to ns P2 primer, 
see Fig. 1A) of the mouse Sgll gene were used to prime the reaction 
on the RNA. Thirty ,Q of denatured RNA from the mouse ncurocn- 
docrine cell line AtT-20 or the bilk neurounriocrinr ccli iiur PC12 and, 
as a negative control, 3Opg of denatured RNA from mouse liver were 
used per reaction. 

3.1, Cloning ancl sequencing of rhe mouse 2TgtI gem 
Scrcetling of 1.8 million plaques of a mouse genomic 

lambda library with the full-length rat SgII cDNA [lo] 
as probe led to the identification of one positive clone. 
Southern analysis of this clone and, for comparison, of 
mouse DNA, both digested with either J&RI or Xbal 
and probed with the full-length rat SgII cDNA, showed 
the s-mm nattprn ld*ra no1 shown). This sug_sested that _...I FM’.._‘.. ,---I 
the isolated clone contained the conplete mouse S@l 
gene. 
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q Unlranalated region 
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q Signal peptlde 
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Fig. 3. Dingram comparing the structural organisation of the gents encoding mouse SgII, mouse CgB [4] and mouse CgA [6]. Exons arc shown 
as numbered boxes and are drawn to scale. The introns (thin lines) are not drawn to scale. 

EcoRI digestion of the genomic SgI1 lambda clone 
generated 4 fragments of = i .6 kb (referred to as El), 
= 2.4 kb ( referred to as E2), = 2.9 kb (referred to as E3) 
and = 6,3 kb (referred to as E4). Xbal digestion gcner- 
ated 3 fragments of = 2.7 kb (referred to as Xl), fi: 4.5 
kb (referred to as X2) and = 6.0 kb (referred to as X3). 
These fragments were subjected to Southern analysis 
using, as probes, either the full-length rat SgIl cDNA, 
the 5’ = 0.G kb HiltdIlLEcoRI fragment of the rat SgII 
cDNA, the = 0.7 kb XhoI fragment derived from the 
very 3’-end of the rat SgII cDNA, or selected EcoRI- 
.?&I fragments of the mouse SgII genomic DNA. This 
analysis, together with the results of the sequencing of 
the subcloned fragments, revealed that the Y-to-3 ar- 
rangement of the EcoRI fragments that were recognized 
by the various SgII probes was E4-El-E& with the non- 
hybridizing fragment E3 being located 3’ to E2. 

The cxon-intron structure of the mouse SgII gene 
was obtained by comparing its nucleotide sequence to 
that of the rat $11 cDNA [lo]. This revealed the pres- 
ence of 2 exons (Fig. 1A). Exon 1 (72 nucleotides; for 
the initiation site of transcription (-t-l), see below) con- 
tains most of the 5’-untranslated region but does not 
encode any translated sequence of SgII. Exon 2 (2,350 
nucleotides long, if assumed to extend up to the A cor- 
responding to the beginning of the poly-A track of the 
mRNA) contains the entire open reading frame of SgII 
and the 3’-untranslated region. The intron separating 
exons 1 and 2 is = 3.0 kb long and contains the typical 
donor and acceptor splice sites (Fig. 1A). 

3.2. TiX? XOliSe S&I piwmrer 
To determine the start site of transcription of the 

mouse SgII gene, primer extension was performed. By 
using the Pl primer, whose sequence is complementary 

to a portion of exon 1 (see Fig. 1 A), and RNA from the 
moiisc ncuroendoerine ccl! line AtT-20, four primer ex- 
tension products of different abundance were observed 
(Fig. lB, lane 2, arrowheads). The nucleotide corre- 
sponding to the S-end of the longest extension product 
was defined as -t-l (Fig. 1A). The same four primer 
extension products with a similar pattern of abundance 
were obtained when RNA from PC12 cells, a rat neuro- 
endocrine cell line, was used as template for primer 
extension with the Pl oligonucleotide (data not shown). 
None of the four primer extension products were ob- 
served when RNA from mouse liver, a tissue lacking 
SgII mRNA [14], was used as template (Fig. lB, lane 
1). Primer extension using the P2 oligonucleotide, which 
is complementary to the 5’-end of exon 2, and AtT-20 
RNA also yielded four products which had the pre- 
dicted lengths (data not shown). It is unclear why the 
primer extension yielded four products rather than one. 
It is possible that transcription starts at multiple initia- 
tion sites. Alternatively, we caunot exclude that the re- 
verse transcription reaction did not always extend to the 
very S-end of the mRNA. 

A TATA-box is present approximately 30 nucleotides 
upstream of the putative initiation site(s) for transcrip- 
tion (Fig. lA), as has been described for other promot- 
ers. We have analyzed SJ 400 Ease pairs of the putative 
promoter region for the presence of transcription factor 
binding sites. The most striking result of this analysis is 
the existence of a typical cyclic AMP-responsive elc- 
ment (TGACGTCA) = 30 nucleotides upstream of the 
TATA-box (thick bar in Fig. 1A). This may we!l ex- 
plain, in molecular terms, the increase in SgII mRNA 
by agents which raise CAMP levels [14]. Phorbol esters 
have also been reported to increase SgII mRNA levels 
[14,15]. Although a ‘classical’ AP- 1 site (TGAUGTCA) 
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was not found in the = 400 base pairs analyzed, a 
TGACTAA motif, which may also constitute an AP-1 
binding site [16]. is present = 260 nucleotides upstream 
of the TATA-box in reverse orientation, on the comple- 
mentary strand (dotted line in Fig. 1A). Furthermore, 
just 5’ to this site, we note the presence of the serum 
response element GATGTCC. Whether or not these 
elements actually function in the regulation of expres- 
sion of the Sgll gene requires further investigations. 

3.3. Species comparison of the secretograrlin II proteh 
sequence 

A comparison of the Sgll protein sequence predicted 
from the mouse Sgll gene exon 2 with those predicted 
from the rat [lo], human [ll] and bovine [14] Sgll 
cDNAs is shown in Fig . 2. Calculation of the sequence 
similarity of Sgll (without signal peptide) across the 
four species using the ‘GAP’ program of the UWGCG 
revealed a value of 98.5% similarity between mouse and 
rat, 9O.S% similarity between mouse and human, and 
89,2% similarity between mouse and bovine Sgll. Tinus, 
Sgll is more conserved than the corresponding regions 
of CgB and CgA, i.e. exon 4 of CgB (mouse/human 
73.2% similarity; mouse/bovine 66.7% similarity) and 
exons 4-7 of CgA (mouse/human 77.2% similarity; 
mouse/bovine 68.1% similarity). The conservation of 
SgIl across species is particularly high between the N 
terminus and the third dibasic site of the protein (see 
Fig. 2): between mouse and human (or bovine) SgIl, this 
portion shows 95% (94%) similarity, whereas the rest of 
the protein shows 88% (87%) similarity. 

Mouse Sgll contains 9 dibasic sites which are poten- 
tial cleavage sites for endopeptidases to generate biolog- 
ically active peptides (Fig. 2). The sequence position and 
dibasic nature of these sites is completely conserved 
between mouse, rat, human and bovine. An Sgll-de- 
rived peptide previously isolated from frog brain [ 171 is 
generated by cleavage at the second and third dibasic 
site (Fig. 2). Another conserved feature is the putative 
tyrosine sulfation site at position 126, in line with the 
previous observations that Sgll from various species is 
tyrosine-sulfated [3,18,19]. 

3.4. Structural corqwison of the SgII gene with the 
genes for Cg.4 ancl CgB 

The observation that the entire Sgll protein is en- 
coded by one exon, exon 2, distinguishes the organisa- 
tion of the SglI gene from that of the genes for the other 
two classical members of the granin family, CgB [4] and 
CgA [5,6], which are encoded by 5 and 8 exons, respec- 
tively (see Fig. 3). In the case of CgB, the elucidation of 
its genomic organisation revealed a striking corre- 
spondence between the exons ;md the predicted struc- 
tural domains of the protein [4]. In particular, the disul- 
fide-bonded loop near the N terminus, and the C-termi- 
nal region, where CgB is highly homologous to CgA [9], 
are each encoded by individual exons [4], Also in the 

case of CgA, these two protein domains are encoded by 
individual exons iS,6]. 

In contrast, the elucidation of the primary structure 
of SgII [lO,ll] revealed that Sgll lacks the disulflde- 
bonded loop found in CgA and CgB and that the C- 
terminal region of Sgll is not related to the homologous 
C-terminal domain of CgA and CgB. Thus, the fact that 
the Sgll protein is encoded by a single exon is fully 
consistent with it lacking the homologous N-terminal 
and C-terminal domains prcscnt in CgB and CgA. It has 
previously been noted [1 1] that Sgll contains a weak 
homology to the C-terminal region of CgA and Cgl3 at 
a position = 120 amino acid residues upstream from its 
C terminus. The present data, showing that there is no 
separate exon corresponding to this weak homology, 
suggest that this homology may not be biologically sig- 
nificant. 

Comparing the genomic structures of SglI and CgB, 
it appears that SglI as a whole (except for its signal 
peptile) corresponds to exon 4 of CgB. This is remark- 
able because exon 4 of CgB contains the structural fea- 
tures which are common to CgB and Sgll, and which 
are general characteristics of the granin family (for re- 
views, see [ 1,2]). These include: (i) an abundance of 
acidic amino acids, (ii) calcium binding sites, and (iii) 
multiple potential dibasic cleavage sites. Given its sim- 
ple genomic organisation. SglI may thus be considered 
as the prototype of a granin protein. In this context, it 
will be interesting to determine the appearance in evolu- 
tion of Sgll in comparison to that of CgB and CgA. 
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