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The human S-IO0~ and B subunit genes were isolated from human genomic 
DNA l i b ra ry .  The res t r i c t i on  endonuclease mapping and DNA sequencing analysis 
revealed that both subunit genes consisted of three exons and two introns. 
Two Ca2+-binding domains were independently encoded by exon 2 and exon 3. 
Spot-blot hybr id izat ion analysis with f low-sorted chromosomes showed that 
human ~ and B subunit genes were assigned to chromosome i and chromosome 21, 
respect ively.  ~ 1991 Academic Press, Inc. 

S-lO0 protein was i n i t i a l l y  found as a brain speci f ic protein ( i ) .  Isobe 

and Okuyama described that th is protein was composed of two subunits: ~ and B 

which associate into ~a (SlOOao),~B (SlOOa) and BB (SlOOb) (2, 3). Further 

they demonstrated the structural  re lat ion between S-IO0 protein and Ca 2+- 

binding proteins of the EF-hand type. 

Although the primary amino acid sequences of ~ and B subunits are 

considerably s imi lar ,  these subunits are d i f f e ren t l y  d is t r ibuted in mammalian 

brain. In human brain B subunit is exclusively local ized in astrocytes in 

contrast to that ~ subunit is present in neurons (4). In rat  brain ~ subunit 

is not present (5). These invest igat ions suggest that there exists d i f feren- 

t ia ]  expression mechanism of each subunit gene in mammalian brain. 

mRNA level of B subunit in rat  brain increases rapid ly af ter  b i r th  (6), 

suggesting that the formation of neuron network is associated with neurite 

extension a c t i v i t y  of B subunit (7).  Recently human B subunit gene has been 

assigned to chromosome 21 using segregating human-mouse hybrid cel ls  and is 

believed to be involved in Down's syndrome through an excess of the gene 
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products resu l t ing  from trisomy of the gene (8).  These invest igat ions suggest 

that  B subunit gene plays an important ro le in development and maturation of 

mammalian brain. In contrast ,  the funct ion of ~ subunit in the central 

nervous system is unclear. 

In order to study the molecular mechanism of gene expression of ~ and B 

subunit in mammalian brain,  we attempted cloning and chromosome assignment of 

human ~ and B subunit genes. 

METHODS 

High molecular weight DNA was prepared from human placenta as described 
by Bl in and Staf ford (9).  Genomic DNA was analyzed by Southern b lo t  hybr id i -  
zation with human ~ and B subunit cDNAs which we cloned previously.  EMBL 3 
human leucocyte genomic DNA l i b ra ry  purchased from Clontech Laboratory was 
screened with the coding region of human ~ or B subunit cDNA. Five pos i t ive 
clones were obtained using B subunit cDNA as a probe. In contrast ,  no 
pos i t ive clones were i d e n t i f i e d  using ~ subunit cDNA as a probe. Then, 
genomic DNA l i b ra r y  was constructed as fo l lows:  Human genomic DNA was digested 
with EcoRl and preparat ive ly  electrophoresed on 0.8% agarose gel.  About 6 kbp 
fragment corresponding to single hybr id izat ion band in Southern b lo t  analysis 
using the ent i re  length of human ~ subunit cDNA as a probe was inserted into 
the EcoRl s i te  of ~gtlO DNA and packaged in v i t r o .  The 6 kbp genomic DNA 
l i b ra ry  was screened with human ~ subunit cDNA. The res t r i c t i on  map of the 
cloned DNA was determined by r e s t r i c t i o n  enzyme analysis and Southern b lo t  
analysis.  The nucleot ide sequences were determined by the dideoxy method (10). 

Human metaphase chromosomes were prepared from human B-lymphoblast l ine  
GMOOI30B as described before (11). Chromosomes stained with propidium iodide 
were exci ted under 488 nm l i g h t ,  while those stained with Hoechst 33258 were 
exci ted with 333-364 nm l i g h t ,  both generated with an argon-ion laser.  
Sorting of chromosomes by a FACS440 sor ter  (Becton-Dickinson) and spot-b lot  
hybr id izat ion were performed as described before ( I I ) .  Assignment of 
chromosomes in each f rac t ion  was carr ied out with chromosome-specific DNA 
probes. F i l t e r  disks were hybridized with the 32P-labeled human ~ and B 
subunit cDNA probes as described previously (11). 

RESULTS AND DISCUSSION 

Human genomic DNA l i b ra ry  was screened with human ~ and B subunit cDNA 

probes which we cloned previously.  Genomic clones of 6 kbp ~ subunit and 

those of 14 kbp B subunit were isolated and the res t r i c t i on  map of each 

subunit gene was determined (Fig. la ) .  Both subunit genes consisted of three 

exons and two introns (Figs. Ib and 2). The exon 1 consisted of only the 5' 

noncoding region (~ and B). The exon 2 encoded 13 nucleotides ( ~ )  or i 

nucleot ide (B) of the 5' noncoding region and 141 nucleotides ( ~ )  or 138 

nucleotides (B) of the coding region. The exon 3 encoded 141 nucleotides ( ~ )  

or 138 nucleotides (B) of the coding region and the ent i re  3' noncoding 
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Fig. 1. Schematic presentation of human ~ subunit gene (A) and human 
subunit gene (B). (a) Restrict ion map of genomic clone. B, BamHl; E, EcoRl; 
H, Hi__nndlll; P, Pst l ;  S, Sm___aal; X, Xb___aal. (b) Diagram of the gene.  Exons, 
indicated by the boxes, are numbered. The sol id boxes indicate the coding 
region and the open boxes indicate the noncoding region. The 
arrowheads ident i fy  the Ca2+-binding domains. (c) Structure of the cloned 
cDNA. 

region (e and B). The lengths of introns were as fol lows: intron i ,  2.0 kbp 

(~) or 2.5 kbp (B); intron 2, 0.9 kbp (~) or 2.3 kbp (B). A l l  exon-intron 

junct ion sequences conformed to the GT-AG rule.  The exons of each subunit 

gene were col inear with each subunit cDNA sequence. Atypical polyadenylation 

e x o n  1 e x o n  2 
D 

-14  +I 

A --GCCCAGGCAACCgtgagtaccc . . . . .  intron i o-. gggtgggtagGTGCACTGCTGCAATGGGC-- 
2.0 kbp ~F~Gly 

I 

-2  +1 

B --GACAAGGAAGAGgtgagaaaga . . . . .  intron 1 -..  gagcccctagGATGTCTGAGCTGGAGAAG-- 
2.5 kbp MetSerGluLeuGluLys 

1 

e x o n  2 e x o n  3 
D 

+ 1 4 1  +142 

--GGCTTCCTGGATgtgagcatag . . . . .  i n t r o n  2 . . . .  cccaccaca~GCCCAGAAGGATGTGGAT-- 
GlyPheLeuAsp 0 .9  kbp A laGlnLysAspValAsp 

47 48 

+138 +139 

--CATTTCTTAGAGgtgagtct tg . . . . .  i n t r o n  2 . . . .  tctctcttaqGAAATCAAAGAGCAGGAG-- 
HisPheLeuGlu 2 .3  kbp G lu l l eLysG luG lnG lu  

46 47 

e x o n  3 
I 

+282 +460 +q80 

--GAGAACAGTTGAGCA . . . . . . . . . . . . . . . . . . . . . . .  ATTAAA . . . . . . . . . . .  CTCACCagccatccaa--  
G l u A s n S e r ~  

94 

+276 +661 +686 

--GAACATGAGTGAGAT . . . . . . . . . . . . . . . . . . . . . . .  AACAAA . . . . . . . . . . .  TATTTGaaaacactgc-- 
GluHisGlu~ 

92 

Fig. 2. Comparison of human ~ subunit gene (A) and human B subunit gene (B). 
Exons are denoted in uppercase letters, while introns are in lowercase 
letters. The nucleotides in the exons are numbered above the l i nes  beginning 
with the f i r s t  nucleotide of the in i t ia t ion methionine codon. The nucleotides 
on the 5' side of nucleotide I are indicated as negative numbers. The 
nucleotides in the introns, the approximate lengths of which are shown below 
the lines, are not numbered. Splice junction sequences are underlined. 
Translation in i t ia t ion  codon, stop codon, and the polyadenylation signal are 
double-underlined. The amino acid sequences are shown below the genomic 
sequences and the amino acids are numbered below the lines beginning with the 
i n i t i a l  methionine. 
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signal, AACAAA, which was present 21 nucleotides upstream from the poly(A) 

t a i l  of human B subunit cDNA, was observed also in B subunit gene. 

Comparison of the nucleotide sequences of the 5' flanking region of human 

subunit gene and human B subunit gene is shown in Fig. 3. The sequences of 

human ~ and B subunit genes showed moderate s imi la r i t y .  In addition, human B 

subunit gene and rat B subunit gene (12) shared remarkably high homology in 

the nucleotide sequences of the 5' flanking region (data not shown). 

The coding region of human ~ and B subunit genes was divided equally by 

intron 2 (Figs. lb and 2). The same manner was found in rat B subunit gene 

(12) (data not shown). S-100~ and B subunits contain two Ca2+-binding 

domains known as EF hand (2, 3). In both subunits two Ca2+-binding domains 

A:  gaattccccccttaccgggctcaaccagcac-agccagccacaggtactgcaaggccca---gc -344 

B: c a c t t a a t c t c c t a - - - t g c t c a g c c t g t a c t t g g a a g c t g c t t g t t c t t g g c t g c a c a t t t g c  -410 

t tggggt  . . . . .  aagaca tcc -ag tg tccc tcccaggacc tcc t t cccacc tc t t t cccc t  . . . .  289 

t t t g t t t g a a t c a a t t a a t c c a a g t c t c t c t c c t c t c c c c a c c - - c c c a a c - c t t g c c t t t a g g  -349 

gcaccatccactgctgcctggagagaaaggaacggggcaagcaaggctg . . . . . . . . .  ggaaag -234 

g tgaca tcaa- - ta t t ca tg ta -a taaagaaa tcgcacaa- -aaagc tgac tccccac t tcc tg  -290 

agacaagggccgcctgttc . . . . .  cagcccaag . . . . . . . . . . . . . . . .  agacag . . . . .  aggg -196 

ccc tacaggccc t t t t t t c t tcc tcagcccatg tgcaatcc tggc tcccagcaagtccccgggg -226 

c -gcc t  . . . . . . . . . . . .  c t g t c t g c - t c c t g g c - c c c t t g c c  . . . . . . .  ccacagggt - -g t t  -156 

c tgct tggtcaatgcagcctgtgtgcagcctggcagccctgccacccccgccctcggctcccat  -162 

cgtctgtgaaggggtggagtcgg-tg---ggggggtcagc . . . . . . . . . . .  gggggagggactg -107 

tggctoccacggcctgcagtgggctgcaccagggttcatccatctcccctgggcagagggaat-  -99 

cDNA 
ttgaagaCAGGTCTCCACACACAGCTCCAGCAGCC--ACATTTGC.~CCTTGGCCATCTGTCCA -45 

aagaggctgcctctgcccac-cag-tcctgccgcccaggacccGCAGCAGAGACGACGCCTGCA -37 
~ N A  v 

GAACCTGCTCCCACCTCAG . . . .  GCCCAGGCAACC . . . .  i n t ron  1 . . . . .  14 

GCAAGGAGACCAGGAAGGGGTGAGACAAGGAAGAG . . . .  i n t ron  1 . . . . .  2 

Fig. 3. Comparison of the nucleotide sequences of the 5' flanking region of 
human ~ subunit gene (A) and human B subunit gene (B). The sequences of cDNA 
are denoted in uppercase letters, while the upstream flanking sequences of 
gene are in lowercase letters. The last nucleotide in the line is numbered 
beginning with the f i rs t  nucleotide of the init iation methionine codon. The 
nucleotides in intron 1 are not numbered. 
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were independently encoded by exon 2 and exon 3 (Fig. lb ) .  These f indings 

support the hypothesis that  EF-hand type proteins may ar ise evo lu t iona l l y  from 

an ancestral peptide with one Ca2+-binding domain by several steps of gene 

dupl icat ions and delet ions (13). 

Southern b lot  analysis of human genomic DNA was performed using human 

or B subunit cDNA (Fig. 4). The pattern of hybr id izat ion bands consisted with 

the r e s t r i c t i o n  map of each subunit gene, suggesting that there exists only 

one copy of each subunit gene per haploid genome. 

Spot-blot  hybr id izat ion using f low-sorted chromosomes was performed. 

Sort ing of chromosomes from the human B-lymphoblast l ine  GMOOI30B stained with 

propidium iodide gave 18 groups (az-q) (Fig. 5A). ~ subunit cDNA hybridized 

to the al f rac t ion  (Fig. 5B) and B subunit hybridized to the q f rac t ion  (Fig. 

5C). Therefore, ~ and B subunit genes could be assigned to human chromosome 1 

and 21, respect ive ly .  The same resul ts  were obtained using the f low-sorted 

chromosomes stained with Hoechst 33258 (data not shown). These resul ts  

confirmed the previous chromosome assignment of human B subunit gene using 

segregating human-mouse hybrid ce l ls  (8) and provided new evidence for  

subunit gene loca l i za t i on .  Thus, ~ and B subunits did not form gene family 
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Fig. 4. Southern blot analysis. Human genomic DNA was digested with several 
endonucleases. B, BamHl; E, EcoRl; H, Hindl l l ;  P, Pstl. Hybridization was 
carried out with the entire length of human ~ subunit cDNA (A) and with the 3' 
noncoding region of human B subunit cDNA (B). The size markers are indicated 
in kbp. 
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Fi 9. 5. Localization of the human ~ and B subunit genes on the flow-sorted 
chromosomes from the human B-lymphoblast line GMOO130B. (A) Propidium iodide- 
stained flow-karyotype. (B) Hybridization of the entire length of human 
subunit cDNA probe to spots containing sorted chromosomes. (C) Hybridization 
of the 3' noncoding region of human B subunit cDNA probe to spots containing 
sorted chromosomes. In this case, fractions al and a2 were collected as a 
mixture. 

locus on the same chromosome. Similar observations have been made for cases 

of isozymes such as enolase (14, 15) or aldolase (16-18). The genes for the i r  

subunits, displaying structural  s im i l a r i t y ,  are located on separate 

chromosomes without forming gene family locus. 

Structure and chromosome assignment of human SIO0~ and B subunit genes 

are described in this study. Further experiments are necessary to c l a r i f y  the 

role of S-100 protein in ce l lu la r  function and the molecular 

controls the expression of m and B subunit genes during 

maturation of mammalian brain. 

During the preparation of th is manuscript the cloning of 

subunit gene has been reported (19). 

mechanism that 

development and 

human S-100 B 
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