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The primary structure of the bovine S-1OOa mRNA on the basis of molecular cloning and sequence analysis 
of the cDNA are described. The sequence is composed of 532 bp which include the 282 bp of the complete 
coding region, 89 bp at the S-noncoding region, 161 bp at the 3’-noncoding region, polyadenylation signal, 
ATTAAA and poly(A) tail. Northern blot analysis shows that the size of S-1OOa mRNA is about 700-800 
bases long and a single mRNA occurs in bovine brain. Bovine brain contains both SlOOa and /l subunits 

and their mRNAs. In contrast, the rat brain contains only SlOOg subunit and its mRNA. 

S-100 protein mRNA cDNA cloning Nucleotide sequence 

1. INTRODUCTION 2. MATERIALS AND METHODS 

S-100 protein is a brain specific protein 
discovered by Moore [ 11. The electrophoretical 
heterogeneity of this protein was shown in many 
papers. Recently Isobe and Okuyama [2,3] isolated 
the CY and p subunits of S-100 protein from bovine 
brain and determined that the heterogeneity of this 
protein depends on the different combination of 
two subunits; S-lOOa, (QZY), SlOOa (a&, and 
S-1OOb ($3). Further they demonstrated the struc- 
tural relation between S-100 protein and 
Ca2+-binding proteins of the EF-hand type. 

Restriction endonucleases were obtained from 
Takara Shuzo and New England Biolabs. DNA 
polymerase I, bacterial alkaline phosphatase, T4 
polynucleotide kinase and terminal deox- 
ynucleotide transferase were from Takara Shuzo 
and Pharmacia P-L. [T-~~P]ATP and [cy-32P]dCTP 
were purchased from Amersham. Avian 
myeloblastosis reverse transcriptase was from Bio 
Rad Laboratories. Nitrocellulose (BA85) was from 
Schleicher & Schull. 

S-100 protein is mainly localized in astrocytes in 
the central nervous system, although many in- 
vestigators are still studying the problem of cellular 
localization [4]. In our previous studies it was 
found that rat brain contains exclusively S-1OOb 
composed of homodimer of the p subunit [5]. We 
succeeded in cloning of cDNA to S-1OOfl mRNA in 
rat brain [6]. However, we have no information 
concerning whether ff or p or both subunits of 
S-100 protein are specifically expressed in rat 
brain. For studies of the molecular mechanism that 
controls the expression of S-10Ck~ and p subunit 
genes, we attempted the cloning of S-l& cDNA 
as the next step. 

2.1. Preparation of RNA 
Total microsomes were prepared from adult rat 

brains and bovine cerebellum. Microsomal RNA 
was isolated by a phenol/chloroform/isoamyl 
alcohol extraction procedure. Poly(A) RNA was 
isolated from microsomal RNA by oligo(dT)- 
cellulose chromatography. 

2.2. Construction of rat brain and bovine 
cerebellar cDNA libraries 

Double-stranded cDNA was prepared from 
poly(A) RNA using reverse transcriptase with 
oligo(dT) as a primer and inserted into the PstI site 
of pBR322, using the dG-dC tailing method as 
described by Land et al. [7]. 
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2.3. ~~igodeoxynacieo~ide synthesis and colony 
screening 

Two different mixtures of 14-base-long oiigode- 
oxynucleotide (3 ’ -TGNCGNTACCT$TG-5 ‘) and 
(3 ’ -AA&GTzCTzAT$CA-5 ’ ) complementary to 
mRNA deduced from amino acid residues (7- 11) 
and (72-76) of bovine S-10& subunit, respective- 
ly, were synthesized. cDNA libraries were screened 
by colony hybridization using the above synthe- 
sized oligodeoxynucleotides as the probes. 

2.4. Resfrict~on ~a~~i~g and DNA sequence 
The cloned cDNA was digested with several 

restriction endonucleases and analyzed by elec- 
trophoresis on polyacrylamide and agarose gels. 
Restriction enzyme digested DNA was 5 ’ -1abeled 
using bacterial alkaline phosphatase, TJ poly- 
nucleotide kinase, and [32P]ATP. Their nucleotide 
sequences were determined by the chemical 
method of Maxam and Gilbert [S]. 

2.5. Northern blot analysis 
Poly(A) RNAs were treated with 50% for- 

mamide. Samples were eIectrophoresed on a 1.5% 
agarose gel containing 2.2 M formaldehyde and 
transferred onto nitrocellulose filters. The filters 
were hybridized with nick-translated [32P]cDNA 
rA101. 

3. RESULTS 

3.1. Cloning of cDNA to S-IO&Y mRNA 
We previously reported the cloning of cDNA to 

-100 1 100 

I I I 

S-loq0 mRNA from rat brain. We then attempted 
the cloning of cDNA of S-l& subunit from the 
rat brain cDNA library by using nucleotide se- 
quence homology between S-100~ and S-100/3 
since S-100 protein is one of the most conservative 
proteins and the amino acid homology of these 
subunits is 58%. However, we did not find any 
positive clones. Therefore, we constructed a cDNA 
library from bovine cerebellar poly(A) RNA. For 
screening of the bovine cerebellar cDNA Library, 
we used two different mixtures of synthetic 
oligodeoxynucleotide as probes. Three positive 
clones were selected from 30~ transformants. 

The restriction endonuclease map is shown in 
fig. 1. The long inserted cDNA, ~RSCY-1 1, was fur- 
ther analyzed and the nucleotide sequence deter- 
mined (fig.2). The cloned pR%-11 has the 282 bp 
of the coding region, 89 bp at the 5 ’ -noncoding 
region, 161 bp at the 3’-noncoding region, 
polyadenylation signal, ATTAAA and poly(A) 
tail. Since the size of mRNA is about 700-800 
bases long (fig.3), pRScr-11 nearly covers the com- 
plete nucleotide sequence, assuming 100 bases of 
poly(A) tail. At position 65 Asn deduced from the 
nucleotide sequence is different from Asp deter- 
mined by the ammo acid sequence analysis [3]. 
There is no additional amino acid sequence at the 
carboxyl terminus of the mature protein. High 
homology was observed in not only the amino acid 
but also the nucleotide sequence between S-1OocU 
and ,& subunits. This extensive sequence homology 
may indicate that the S-100 protein subunits 
evolved from a common gene. 
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ATG TGA ATTAAA 

pRsd 3 

Fig. 1. Restriction map of cDNA to S-100~~ mRNA. The coding nucleotide sequence for the cz subunit of S-100 protein 
is indicated by the shaded box. 
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CGAGGTCTT~CTGCACAGCiCCAGGAGCC~CATTTGCAG~CTCGTCTGC~TGTCCAGAA~CTGCTCCCA~GCTGACAGT~AGCTTCGAG ATG GGC 
Met Gly 
1 

TCT GAG CTG GAG 
Ser Glu Leu Glu 

AAG CTG AGC AAG 
Lys Leu Ser Lys 

30 

GAC (;CT GTG GAC 
Asp Ala Val Asp 

CTG GTG GC+ GCC 
Leu Val Ala Ala 

80 

AI\G GTG ATG AA~ GAG CTG GAT GAG AAC GGA GAT GGA GAG GT~ GAC FTC CAG GAG TAT G-& GIG 
Lys Val Met Lys Glu Leu Asp Glu Asn Gly Asp Gly Glu Val Asp Phe Gln Glu Tyr Val Val 

60 70 
250 300 

CTC ACG GTG GCG TGC AAC AAC TTC TT~ TGG GAG AAC AGT-T~GGAGAcAG~cccG~GG~AG~GTT~~T~~ 
Leu Thr Val Ala Cys Asn Asn Phe Phe Trp Glu Asn Ser 

90 .~ 
350 400 

CCTCCACCCTGCCATCCCTGCTCCTTCACCCTGCTT~CCCTCACCT~ACTTTTCCC~CCCCACCAA~AAGGGCGCA~GAATAGTGG~CCAGGCCTG~AAC 

~CG GCG ATG GAB AQ CTC ATC ~\AT GTG TTC CAC GCC CAC TC~; GGC AAA GAG ~;GA GAC AAG TI\C 
Thr Ala Met Glu Thr Leu Ile Asn Val Phe His Ala His Ser Gly Lys Glu Gly Asp Lys Tyr 

10 20 
100 -~ 150 

AAG GAG CTG AAA GAG COG CTG CAG A& GAG CTC TCC ~GC TTC CTG GAT GCC CAG AAG GAT GCA 
Lys Glu Leu Lys Glu Leu Leu Gln Thr Glu Leu Ser Gly Phe Leu Asp Ala Gln Lys Asp Ala 

40 50 __ 
200 

. 470 

TCCTCTTTCATTAAAGGCTTCTGTCTCACCAAAAAAAA - 

Fig.2. Nucleotide sequence of S-100~~ mRNA deduced from the cloned cDNA and the predicted amino acid sequence 
of the LY subunit. Initiation codon ATG and termination codons TGA are underlined. The polyadenylation signal, 
ATTAAA, is double-underlined. The numbers below the line indicate positions of amino acid, and the numbers above 
the line indicate nucleotide positions, beginning with the initial codon. The nucleotides in the 5’-untranslated region 

are indicated by negative numbers. The synthetic oligodeoxynucleotide probes are indicated by the open box. 

3.2. Northern blot analysis 
We previously purified the S-100 protein from 

bovine and rat brain by the same procedure and 

then analyzed the subunit composition of the S-100 
protein by high-performance liquid chromatog- 
raphy. Bovine brain S-100 consists of one cy 
subunit and three molar excess of p subunit, 
however a peak at the retention time of the CY 
subunit was not found in rat brain S-100 protein 

]51. 
The nick-translated [32P]cDNAs were used as 

probes to determine the size and molecular species 
of S-100 protein mRNA by Northern blot 
hybridization (fig.3). The size of mRNAs for 
S-1oocU and S-1006 subunits was found to be about 
700-800 and 1500 bases, respectively. Since the 
coding regions of both mRNAs are of almost the 

Fig.3. Northern blot hybridization of brain poly(A) 
RNA. Poly(A) RNAs (4.5 pg) from adult bovine 
cerebellum and adult rat brain were electrophoresed on 
a 1.5% agarose gel containing 2.2 M formaldehyde. 
Samples were transferred onto nitrocellulose filters and 
hybridized with nick-translated [32P]cDNA of S-1oocU 

and fl subunits. 
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Table 1 

(A) Domains Percent homology 

Slo&/ s10&Y/ Sloop/ 
SlW ICaBP ICaBP 

I/I 62 62 48 
I/II 34 34 33 
II/I 28 20 35 
II/II 68 41 42 

(B) Domains Percent homology 

SlO&x/CaM S lOO,&/CaM 

I/I 38 38 
I/II 31 32 
I/III 32 39 
I/IV 33 37 

II/I 40 39 
II/II 51 51 
II/III 36 38 
II/IV 53 49 

same length, mRNA for the fi subunit must have a 
much longer 3 ’ -noncoding region than that for the 
cx subunit. Fig.3 shows a discrete band for S-10& 
and fl mRNA, respectively. S-100@ mRNA occurs 
in both rat and bovine brain. In contrast, S-1oocU 
mRNA is absent in rat brain, This Northern blot 
analysis supported our previous data that S-100~~ 
and p subunits occur in a different manner in rat 
and bovine brain [5]. 

3.3 - ~uc~eot~de sequence homology 
We examined the interdomain nucleotide se- 

quence homology between S-100 protein and two 
Ca2+-binding proteins of the EF-hand type (table 
1). S-100 protein and the intestinal Ca*+-binding 
protein (ICaBP) comprise two domains [ll]. 
Calmodulin (CaM) consists of four domains [12]. 
High homology was observed between both 
subunits of S-100 protein and ICaBP; especially 
domain I and I, and domain II and II (table IA). 
Somewhat high homology between S-100 protein 
and CaM was observed (table 18). 

4. DISCUSSION 

We have described here the primary structure of 
the bovine S-l& mRNA on the basis of 

100 

molecular cloning and sequence analysis of the 
cDNA. Since the cDNAs to both cy and fl subunits 
of S-100 protein were available, these cloned 
cDNAs were used as probes to examine mRNA in 
either rat or bovine brain by Northern blot 
analysis. The data from Northern blot analysis are 
in good agreement with those demonstrating that 
bovine brain contains both subunits and rat brain 
contains only S-100@ subunit [S]. 

From the analysis of amino acid sequence 
homoiogy the physiological roles of this protein in 
cellular function were recently proposed. Ac- 
cording to Kligman and Marshak [13], the amino 
acid composition and sequence of the purified 
neurite-extension factor from bovine brain are 
nearly identical to those of the S-1006 subunit. The 
regulatory chain (Pll) in the 36 kDa protein, a 
major substrate of viral and growth-factor asso- 
ciated tyrosine specific protein kinases, showed 
high amino acid sequence homology with S-lO(ku 
and P [ 14,151. Further experiments are necessary to 
elucidate the role of S-100 protein in cellutar func- 
tion, including that as a trophic factor. Studies of 
the molecular mechanism that controls the expres- 
sion of cy and fl subunit genes can provide informa- 
tion about cell differentiation and developmental 
or evolutional stage-specific expression of these 
genes. 
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