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Abstract. The class Ill POU transcription factor genes Introduction

play an important role in the nervous system. Compari- | ber of h b h b isolated
son of their entire amino acid sequences disclosed a ré> 1argeé number of homeobox genes have been isolate

markable feature of particular mammalian class IlI POUfan_(:j gro_;J_pgd mtohseverag families. The POU family gened
genes. Alanine, glycine, and proline repeats were preserit 'd€ntified as a homeobox gene containing a conserve

in the mammalian Brain-1 gene, whereas most of theséSO—lGO—amino—acid region termed “POU domain,”

repeats were absent in the nonmammalian homologud/Nich was first discovered as a common sequence

The mammalian Brain-2 gene had alanine, glycine, pro®M°Ng four transcription factors, Pit-1, Oct-1, Oct-2, and

line, and glutamine repeats, which were missing in theunc'86 (Herr et al. 1988). The POU domain is required

nonmammalian homologue. The mammalian Scip genéor.high-affinity bindipg to thg octamer.DNA sequence,
had alanine, glycine, proline, and histidine repeats, but?Nich is @ well-studied motif present in the enhancers
the nonmammalian homologue completely lacked thes@"d the promoters of both ubiquitously and tissue-

repeats. In contrast, the mammalian Brain-4 gene had noPecifically expressed genes. The POU domain is di-

amino acid repeats like its nonmammalian homologueY!d€d into two regions separated by a short sequence

The mammalian genes containing the characteristilia”ed a(;inker_: ﬁglassical hgmeodom.ainltermed “P(gU-
amino acid repeats had another feature, higher GC co _om<_af<_) domal_n in t g c:’:‘\r oxy—term.:rnad reg"?r}, _anh a
tent. We found a positive correlation between the GcSPECITIC domain termed a POU-specific omain~in the

content and the amino acid repeat ratio. Those amindﬁlmmgjterr.nmal_reglon. At present, POU family genes are
acids were encoded by triplet codons with relatively highclasslfled into five or more classes, based on the homol-

GC content. These results suggest that the GC pressufg@Y of the POU domain (for review, see Rosenfeld 1991;
Verrijzer and Van der Vliet 1993; Duboule 1994).

has facilitated generation of the homopolymeric amino ) ) o
acid repeats. I_DOU family protelns a_c_t as transcnptl(_)n factqrs,
which regulate tissue-specific gene expression at differ-
ent stages of development. The class Ill POU members
are especially thought to have an important role in neural
system development. The mammalian class Il POU
genes (Brain-1, Brain-2, Brain-4, and Scip) are expressed
in the central nervous system (He et al. 1989; Le Moine
and Young 1992; Mathis et al. 1992). The Brain-2 gene
is strongly expressed in the dorsomedial paracellular re-
gion of the paraventricular nucleus in which corticotro-
Correspondence tdS. Ueda pin-releasing hormone (CRH) is produced, and its prod-
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uct binds to the DNA element in the promoter region of Table 1. List of genomic DNA (g), cDNA (c), and amino acid ()
the CRH gene (Li et al. 1993). The Scip gene is ex-Seduences employed in this study

pressed in specific neurons and myelinating glia, and it%pecies

. . . Gene Reference

product binds to the promoter of myelin protein PO gene;
a Schwann cell surface adhesion molecule (He et alduman Brain-1 (9) This study
1991). The Brain-4 gene is expressed in rats from em- Brain-2 (c) Schreiber et al. 1993
bryonic day 11.5 into adulthood (Le Moine and Young gg?gnij) © gZuiogte;tl.aig:;i%
1992) and is considered to be a candidate gene for deafsoyse Brain-1 (g) Hara et al. 1992
ness with fixation of the stapes (De Kok et al. 1995) Brain-2 (g) Hara et al. 1992
Cfla, a neuron-specific class Il POU transcription factor Brain-4 (g) Hara et al. 1992
of fruit fly, binds to the DNA element required for ex- SB‘;';n(CZ) @ ’\C?gf;?tfgéiggo
pression of _the DOPA decarboxylase gene in selecte Brain-4 (c) Le Moine and Young 1992
dopaminergic neurons (Johnson and Hirsh 1990). POU- Scip (c) Monuki et al. 1990
M1 of silk worm is expressed in neural system as well asFrog XLPOUL (c) Agarwal and Sato 1991
in silk gland (Fukuta et al. 1993). Class Il POU genes XLPOU2 (c) Witta et al. 1995
were found also in nematode and planariairgiio etal. XzLFPP%UL?l((Cg) Ba';'slgzzrkiegfglliggz
1989; Orii et al. 1993). _ , Fruit fly Cfla (c) Billin et al. 1991

Through comparison of the amino acid sequencesjk worm POU-M1 (c) Fukuta et al. 1993
among the class Ill POU genes so far published, weplanarian DJPOUL1 (c) Orii et al. 1993
noticed the presence of amino acid repeats only in certaiNematode cehé (a) ‘Bglin et al. 1989

genes. Using newly determined complete nucleotide se-

guences of the human Brain-1 gene, we discovered a ) )
containing the human class Ill POU genes were isolated, and their

remarkable feature—that characteristic amino acid re- i . y X X
nucleotide sequences were determined by the dideoxynucleotide chain

peqts were pr(_asent only in the mammalian BI'.am'lfcermination method. Other DNA manipulation procedures were per-
Brain-2, and Scip genes and were well conserved in botlformed using standard protocols (Sambrook et al. 1989).

position and repeat humber among each mammalian

gene. It is known that the genome of warm-blooded ver-

tebrates including mammals is a mosaic of very long

(more than 200 kilobases) DNA segments, isochores

Sequence AnalysiShe class Ill POU genes employed here were
from five vertebrates and four invertebrates as listed in Table 1: human

(Homo sapiens mouse us musculus rat (Rattus norvegicys frog

. (Xenopus laevjs zebrafish Brachydanio reri9, fruit fly (Drosophila
WhereaS the genome Of C0|d-b|00ded Vel’tebl’ateS IS Comne|anogaste[ S|Ik worm (Bombyx mor)i' p|anarian Dugesia ja_

positionally uniform, and that the base composition ofponicg, and nematodeGaenorhabditis elegaisThe amino acid se-

genes mainly depends on the GC content of the isochore#ience of the human Brain-1 was deduced from the nucleotide se-
harboring the sequences (Bernardi 1993 and referencéyence of genomic DNA determined in the present study. Amino acid

therein). Nucleotide chan re. therefor nsidered equences of human Brain-2, Brain-4, and Scip (also termed Oct-6 or
ere ) ucleotide changes are, therelore, considere t-1); mouse Scip; rat Brain-4 and Scip; frog XLPOU1, XLPOU2, and

be under the inﬂuenc_e Of .compositionr?ll constraints (GCkLpous; zebrafish XFPOUL; fruit fly Cfla; silk worm POU-M1; and
AT pressure). As a significant proportion of the nucleo- planarian DJPOU1 are deduced from their cDNA sequences, while
tide changes at the third codon position are silent substithose of mouse Brain-1, Brain-2, and Brain-4 are from genomic se-

tutions. it is Iikely that the GC content at the third codon duences. As for rat Brain-2 and nematode ceh6, only their amino acid
’ sequences are reported. These sequence data were obtained from

position reflects directly the degree of compositionalppg yEmpL/GenBank, PIR and SWISS-PROT databases. These
constraints onto the isochores harboring the sequencegmino acid sequences were initially aligned using a multiple sequence

We found a strong correlation between the repeat numalignment program in CLUSTAL V (Higgins et al. 1992) and were
bers of the characteristic amino acids and the GC conteritrther visually adjusted to increase similarity. Phylogenetic trees were

at the third codon position of the class Il POU genes constructed for 144 amino acid residues of the conserved POU domain
" containing POU-specific, linker, and POU-homeo domains using the

neighbor-joining method (Saitou and Nei 1987), because the sequence
homology outside the POU domain was too low to align their entire
amino acid sequences among all the class Ill POU genes. The bootstrap
probabilities were obtained by resampling 1,000 times using
CLUSTAL V.

Materials and Methods

Cloning of the Human Class lll POU Genekhe class 1ll POU probe

was prepared by degenerate PCR using total brain cDNA from rat

embryo as a template DNA. The primers wereBCGAATTC- Results and Discussion
ACCTCTGACGACCTGGA-3 and 53-CCAAGCTTGGGTCAT-
GCT(T/C)TT(T/C)TC(T/C)TT(T/C)TG-3, which were designed to .

amplify the conserved POU domain region. PCR product was digeste(!l'luman Brain-1 Gene

with restriction enzyme<£coR| and Hindlll and cloned into a We isolated lind dent cl f the h
phagemid vector. A phagemid clone containing the POU domain of the € I1solated several independent clones o € human

rat Brain-2 gene was obtained, and its insert DNA was used as a prob§€nomic DNAs containing the class Ill POU genes with
for screening the human genomic library. Recombinant phage clonethe reduced washing condition using 0.45sodium
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1 CTGCTGCTGCGGCGGCCGCGECEGTCGTGGCOGCEGTGGGGTGGCGGGAGCGGAGCGGC 59

60 ATGGCCACGGCGGCTTCTAACCCCTACCTGCCGGGGAACAGCCTGCTCGCGGCCGGCTCTATTGTGCACTCGGACGCGGCA 140
1 NATAASNPYLPGNSLLAAGS TV HSDAA 27

141 GGGGCTGGCGGCCECCEEGGTGCCEGCEGCEECEECEECEEEGCEECCCAGGGGGCCEGGGCGGCGGCATGCAGCCGGGC 221
28 6GAG6GG6GG6GG6G66666GG6G6G6G6AGG6G6GG6GG6G6NQPG 54

222 AGCGCCGCCGTGACCTCGGGCGCCTACCGGGGGGACCCGTCCTCTGTCAAGATGGTCCAGAGCGACTTCATGCAGGGGGCC 302
5 S AAVTSGAYRGDPSSVEKNVYQSDFNQGA 81

303 ATGGCCGCCAGCAACGGCGGCCATATGCTGAGCCACGCGCACCAGTGGGTCACAGCCCTGCCCCACGCCGCCGOCGCCGCC 383
82 M A ASNGGHNLSHAHRQY VT ALPHAAAAA 108

384 GCCGCTGCCGCCGCCGCCGCCGTGGAGGCGAGCTCGCCGTGGTCGGGCAGCGCCGTGGGCATGGCTGGCAGCCCCCAGCAG 464
109 AAAAAAAYVEASSPVYSGSAVYGNAGSPGQOQ 135

465 CCACCGCAGCCGCCGCCGCCACCGCCGCAGGGCCCCGACGTGAAGGGCGGCGCCGGGCGCGACGACCTGCACGCGGGCACA 545
13 PP QP PPPPPQGPDYKGGAGRDDLIHEAGT 162

546 GCGCTGCACCACCGCGGGCCGCCGCACCTCGGACCCCCGCCGCCGCCOCCACACCAGGGCCACCCTGGGGGCTGGGGGGCG 626
163 AL HH RGPPHLGPPPPPPHQGHPGG VG A 189

627 GCCGCCGCTGCCGCAGCCGCAGCCGCCGCCGCCGCCGCCGCCGOGCACCTCCOGTCCATGGCCGGGGGCCAGCAGCCGCCG 707
190 A A A A AAAAAAAAANAARLP SHAGGQQPP 216

708 CCGCAGAGTCTGCTCTACTCGCAGCCCGGAGGCTTCACGGTGAACGGCATGCTGAGCGCGCCACCGGGGCCCGGCGGCGGC 788
21T P Q S L LY SQPGGFTYNGMLSAPPGPG GGG 243

789 GGCGGCGGCGCGGGCGGTGGAGCCCAGAGCTTGGTGCACCCGGGGCTGGTGCGCGGGGACACGCCAGAGCTGGCCGAGCAC 869
244 6 G 6 AGGGAQSLVYVHPGLVYVRGDTPELATEH 270

870 CACCACCACCACCACCACCACGCGCATCCTCACCCGCCGCACCCGCACCACGCGCAGGGACCCCCGCACCACGGCGGCGGC 950
271 H W HHHHHEAHRPHPPHPHHIEAQGPPHHNGGG 297

951 GGCGGCGGCGCGGGGCCTGGACTCAACAGCCACGACCCGCACTCGGACGAGGACACGCCGACGT! 1031
298 6 6 G AGPGLNSHDPHRSDEDTPTS 324
1032 1112
325 351
1113 1193
352 378
1194 ACTCAAGCACCGGCAGCCCCACAAGCATCGACAAGATCGCGGCGCAGH 1274
379 DSSTGSPTS ITDKTIAA 405
1275 1355
406 432
1356 1436
433 459
1437 ATGACGCCGCCCGGGATCCAACAGCAGACGCCCGACGACGTCTACTCGCAGGTGGGCACCGTGAGCGCC 1517
460 NTPPGIQQQTPDDVYSQVGTVSA 486
1518 GACACGCCGCOGCCTCACCACGGGCTGCAGACGAGCGTTCAGTGAAGCCAGGGCGCAGAGCGAAGAGTGCCGCCGCCGCCG 1598
487 DT PPPHHGLQTSVQ % 500

1599 CCGCCTCCGCAGCCGCCGTCAGCACCGCCGCCGCCCCTGCCGCCGCCGCCGCCGCCGCCGCCGCCGCTGCCGCCGCCGCGE 1679

Fig. 1. Nucleotide sequence of the human Brain-1 genomic DNA and its deduced amino acid sequence. Translation start site (ATG) is predic
in concordance with that of the mouse Brain-1 gene (Hara et al. 1992). The POU-specific and POU-homeo domains are indishsatbwitd
boxes. Asteriskndicates stop codon.

chloride and 0.015v sodium citrate at 55°C. These (1989), whereas that was alanine in the present study.
clones were identified by partially determining their This discrepancy can be accounted for by polymorphism.
nucleotide sequences as the Brain-1, Brain-2, and Sciplowever, the alanine residue of this position is con-
genes. Entire coding sequences of the human Brain-Zerved among the Brain-1 homologues of the distantly
Brain-4, and Scip genes have already been publishedglated species (mice and zebrafish). This alanine residue
whereas only the amino acid sequence of the POU dois also highly conserved among the class Il POU genes.
main was reported for the human Brain-1 gene. ThereWe therefore adopted our sequence for the basis of the
fore, we determined the complete nucleotide sequence afomparison in the present study.

the human Brain-1 gene on both strands and deduced its The human Brain-1 gene was intronless and GC rich
amino acid sequence (Fig. 1), based on the similarities t§73.9% in the entire coding region), especially in the
the mouse Brain-1 gene (Hara et al. 1992). There was amino-terminal region of the coding sequence, like the
discrepancy of a single amino acid residue between thenouse Brain-1 gene (Hara et al. 1992). This region en-
previous sequence by He et al. (1989) and the presemtoded alanine, glycine, and proline repeats, and these
sequence: Position 433 of figure 1 was serine in He et alcharacteristic amino acid repeats were well conserved
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1 100
Brain-1 (h) MATAASNPYLPGNSLLAAGS IVHSDAAGAGGGGGGGGGGGGGGAGGGGGGMQPGSAAVTS~~GAYRGDPSSVRMVQSDF MOGAMAASNGGHMLS HAHQWV
Brain-1 (m) MATAASNPYQPGNSLLTAGS IVHSDAAGAGGGGGGG GG-AGGGGGGMQPGSAAVTS~~GAYRGDPSSVRMVQSDFMOGA~~ASNGGHMLSHAHQWV
ZFPOU1 (z) MATAASNPYLASSSILSSGSIVHSD GGGMOQGSAAVTSVSGGYRGDPT~VRKMVQSDFMOGAMAASNGGHMLSHAHQWV
101 200
Brain-1 (h) TALPHAAAAAAAAAARAVEAS SPWSGSAVGMAGS PQOPPQPPPPPPQGPDVKGGAGRDDLHAGTALHHRGPPHLGPPPPPPHOGHPGGWGAAAARAAARA
Brain-1 (m) TALPHAAAAAAAAARAAAVEASSPWSGSAVGMAGS PQQPPQPPPPPPQGPDVRGGAGREDLHAGTALHHRGPPHLGPPPPPPHQGHPGGWGAARAAAARAAR
ZFPOU1 (z) TSLPHAAAAAAAAAVARAEAGSPWSSSPVGITGSPOQQ~ == == —emmem DVKNNSGRDDLHSGTALHNRAP-HLGP=—~—~ HOTYAGAWGSTT~~—-—~~
201 300
Brain-1 (h) AAARAAHLPSMAGGQQPPPQSLLYSQPGGFTVNGMLSAPPGPGGGGGGAGGGAQSLVHPGLVRGDTPELAEH-HHHHHHHAHPHPPHPHHAQGPPHHGGG
Brain-1 (m) AAAARRHLPSMAGGQQPPPQOSLLYSQPGGFTVNGMLSAPPGPGGGGGGAGGGAQSLVHPGLVRGDTPELAEH-HHHHHHHAHPHPPHPHHAQGPPHHGGG
ZFPOU1 (z) ~===ARHIPSLTGSQQQQ-OF LI YFAPGGFTVNGMHS = PP= v = e e e GSQSLVHPGLVRGDTPELDHSSHHHHHHHQHQHHOQAHH~ - = —m w =

400
Brain-1 (b) GGGAGPGLNSHDPHSDEDTPTSPD (e 1 DSSTGSPTSI
Brain-1 (m) G--AGPGLNSHDPHSDEDTPTS| i DSSTGSPTSI
ZFPOUL(z2)  =—=-==- DSSTGSPTSI

500
PPGIQQQTPDDVYSQVGTVSADTPPPHHGLQT
PPGIQQQTPDDVYSQVGTVSADTPPPHHGLOT
PPGVPQ-TPEDVYSQVGNVSADTPPPSMDCKR

Brain-1 (h) DRIARQE]
Brain-1 (m) DKIAAQ
ZFPOU1 (2) DKIAA

501 505
Brain-1 (h) -=-SVQ
Brain-1 (m) --SVQ

ZFPOU1(z)  MFSET

Fig. 2. Sequence alignment within the Brain-1 homologuesn,andz indicate human, mouse, and zebrafish, respectively. The POU-specific
and POU-homeo domains are indicated wattadowed boxe&aps are represented hyphens.

between humans and mice not only in position but also irHowever, the honmammalian Brain-2 homologue (frog
repeat number. XLPOU3) lacked all the amino acid repeats consisting of
alanine (positions 173-177), glycine (positions 68—-88),
proline (positions 241-247), and glutamine (positions
Amino Acid Repeats Characteristic to 129-151) in mammals, as shown in Fig. 3A.
Mammalian Genes In the Scip homologues, the situation was the same as
those in the Brain-1 and Brain-2 homologues (Fig. 3B).
Whole amino acid comparison showed high sequenc&he mammalian genes were highly similar to each other
similarity among the human and mouse Brain-1 and thehroughout the entire coding region including amino acid
zebrafish ZFPOUL genes, as shown in Fig. 2. The humarepeats such as alanine, glycine, proline, and histidine
and the mouse amino acid sequences were almost iderepeats (positions 27-37, 80-85, 113-118, 176-181,
tical with each other. Variations in the Brain-1 between449-454, 458-463, and so on), whereas the frog homo-
humans and mice were single amino acid difference inogue (XLPOU1) had no amino acid repeats. In addition,
positions 10, 17, and 158, one gap involving two residuesn intraspecific length variation of alanine repeats in po-
in positions 84—-85, and two gaps caused by length variasitions 27-37 both in humans and mice was found. In
tions in repeat number of amino acid repeats in positionsiumans Faus et al. (1994) found nine repeats, while we
30-43 (14 and 13 glycine repeats in humans and micdpund 11 repeats (data not shown). In mice there were
respectively) and positions 298-303 (six and four gly-eight and nine repeats (Meijer et al. 1990; Suzuki et al.
cine repeats in humans and mice, respectively). In con1990; Zimmerman et al. 1991; Hara et al. 1992).
trast, the zebrafish ZFPOU1 showed a striking feature In contrast to the Brain-1, Brain-2, and Scip genes, the
quite different from the mammalian homologues (Brain-mammalian Brain-4 genes so far reported have no char-
1): absence of some homopolymeric amino acid repeatacteristic amino acid repeats. Therefore, there were no
(sequences without interruptions in the run of a singlegaps between the mammalian and nonmammalian homo-
amino acid residue). Those missing repeats were alaninegues (Brain-4 an XLPOU2), as shown in Fig. 3C.
repeats in positions 191-206, glycine repeats in positions
30-43, 243-248, and 298-303, and proline repeats in
positions 141-146 and 176-181. Wide Variation of GC Content in the Class Ill POU
There was the same situation in the Brain-2 homo-Gene Group
logues as that in the Brain-1 homologues. The mamma-
lian Brain-2 genes also had several homopolymericA high GC content was another characteristic feature for
amino acid repeats like the mammalian Brain-1 genesthe mammalian Brain-1, Brain-2, and Scip genes, in ad-
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A 1 50
Brain-2(h) MATAASNHYSLLTSSASIVHAEPPGAMOQGAGGYREAQSLVQGDYGALQS
Brain-2(m) MATAASNHYSLLTSSASIVHAEPPGGMQQGAGGYREAQSLVQGDYGALQS
Brain-2(r) MGTAASNHYSLLTSSASIVHAEPPGGMOOGAGGYREAQSLVQGDYGALQS
XLPOUS3(f) MATTASNHYNLLGSGSSIVHADP-GGMOQ-AQS YRDAQTLVQSDY-TLQS

51 150
Brain-2(h) NGHPLSHAHQWITALSHGGGGGGGGGGGGGGGGGGGGGDGS PWS TS PLGQPDIKPSVVVQRGGRGDELHGPGALQQQHQQQO000000000000000000-~
Brain-2(m) NGHPLSHAHOWITALSHGGGGGGGC ’ )GSPWS TS PLGQPDIKPSVVVQQGGRGDELHGPGALOOOHO000000000000000000000
Brain-2(r) NGHPLSHAHQWITALSHGGS GGGGGGGGGGGGI DGSPWS TSPLGQPDIKPSVVVQQGGRGDELHGPGALQQQHOOQ0000000000000000000
XLPOU3(f) NGHPLSHAHQWITALSHG DGAPWATS PLGQODIKPTV--~QSSR-DELHVSGTLQHQS

151 250
Brain-2(h) ~-RPPHLVHHAANHHPGPGAWRTAAAAAHLPPSMGASNGGLLYSQPSFTVNGMLGAGGQPAGLHHHGLRDAHDEPHHADHHPHPHSHPHQQPPPPPPPQGP
Brain-2(m) ‘QRPPHLVHHAANHHPGPGAWRSAAAAAHLPPSMGASNGGLLYSQPSFTVNGMLGAGGQPAGLHHHGLRDAHDEPHHADHHPHPHSHPHQQPPPPPPPQGP
Brain-2(1) QRPPHLVHHAANHHPGPGAWRSAAAAAHLPPSMGASNGGLLYSQPSFTVNGMLGAGGQPAGLHHHGLRDAHDEPHHADHHPHPHSHPHQQPPPPPPPQGP
XLPOU3(f) -RAPHLVHPAHGNHHGPGAWRSTGST-HLSSMASSNGQGLLYSQPSFTVNGMINPGSGQ-GIHHHGLRDSHDD~HHGDHGHQQVSQAQQQHSQw - e

251 350
Brain-2(h) PGHPGAHHDPHSDEDTPTS (DSSSGSPTSIDKI
Brain-2(m) PGHPGAHHDPHSDEDTPTS A{DSSSGSPTSIDKI
Brain-2(r) PGHPGAHHDPHSDEDTPTSDIL SSSGSPTSIDKI
XLPOU3(f) --LOGGHQD-HSDEDTPTSDDLE SSSGSPTSIDKI
351 445
Brain-2(h) AL TPPGGTLPGAEDVYGGSRDTPPHHGVQTPVQ
Brain-2(m) AX( TPPGGTLPGAEDVYGGSRDTPPHHGVQTPVQ
Brain-2(r) AX 'TPPGGTLPGAEDVYGGSRDTPPHHGVQTPVQ
XLPOU3(f) AR 'TPPGGTIPGAEDIYGASRDTPPHLGVQTSVQ
1 50
B SCIP(h) MATTAQYLPRGPGGGAGGTGPLMHPDAAAAAAAAAAAERLHAGAAYREVQ
SCIP(m) MATTAQYLPRGPGGGAGGTGPLMHPDAAAAAAAAA--ERLHAGAAYREVQ
SCIP(r) MATTAQYLPRGPGGGAGGTGPLMHPDAAAAAAAAAAAERLHAGAAYREVQ
XLPOU1 (f) MHPDS === mmmm e DRMHQGTTYREVQ
51 150
SCIP(h) KLMHHEWL--~GAGAGHPVGLAHPQWLPTGGGGGGDWAGA-HL----EHGKAGGGGTGRADDGGGGGGFH-~~ARLVHQGAAHAGAAWAQGS TAHHLGPA
SCIP(m) KLMHHEWL---GAGAGHPVGLAHPQWLPTGGGGGGDWAGGPHL—-~-~-EHGKAGGGGTGRADDGGGGGGFH~~~ARLVHOGAAHAGAAWAQGGTAHHLGPA
SCIP(1) KLMHHEWL-~~GAGAGHPVGLAHPOWLPTGGGGGGDWAGGPHL~ -~ -EHGKAGGGS TGRADDGGGGGGFH-~~ARLVHOGAAHAGAAWAQGGTAHHLGPA
XLPOU1 (f) KMMHQE YLOGLATNAGHHMS LTPHOWLPNP-—-ASDWGSGSHLGVQAEHAR SGVQSN-REDLSS -~ -GFHHHRSHLVHQ-QS PSSHAWAQSG-GHHLAP-
151 250
SCIP(h) MSPSPGASGGHQPQPLGLYAQAAYPGGGGGGLAGMLAAGGGGAGPG~~~LHH~~~~ALHED-G~-HEAQLEPS PPPHLGAHGHAHGHAHAGGLHAAARHLH
SCIP(m) MSPSPGAGGGHQPQOPLGLYAQAAYPGGGGGGLAGMLAAGGGGAGPG~~~LHH~~~-ALHED-G-HEAQLEPS PPPHLGAHGHAHGHAHAGGLHAAAAHLH
SCIP(r) MSPSPGAGGGHQPQPLGLYAQAAYPGGGGGGLAGMLAAGGGGAGPG-~~LHH~~~--ALHED-G-HEAQLEPS PPPHLGAHGHAHGHAHAGGLHAAAAHLH

XLPOU1 (f) MSPSSNS====- HOPL-IYSQSSYTN LNGML GPQASSLHHSMRDPLHDDPGVHDTQVD-SPPQHLGHHQ

251 350
SCIP(h) PGAGGGGSSVGEHSDEDAPSSD) SSSGSPTNLD
SCIP(m) PGAGGGGSSVGEHSDEDAPSSDDY SSSGSPTNLD
SCIP(r) PGAGGGGSSVGEHSDEDAPSSDDL SSSGSPTNLD
XLPOUL (f)  ====m==mmmee Ky L STTGSPTNLD

351 f 450
SCIP(h) KIAN TPAAGAGHPPMDDVYAPGELGPGGGGASPPSAPP
SCIP(m) KIAA TPAAGAGHPPMDDVYAPGELGPGGGSASPPSAPP
SCIP(r) KIAAQ TPAAGAGHPPMDDVYAPGELGPGGGGASPPSAPP

XLPOU1 (f) KIAZ TPA-GVPHPPMEDVYSQAETPP~=ww e m e e e

451 470

SCIP(h) PPPPAALHHHHHHTLPGSVQ
SCIP(m) PPPPAALHHHHHHTLPGSVQ
SCIP(I’) PPPPAALHHHHHHTLPGSVQ
XLPOU1 (f)  —----- LHH-~~-TLOTSVQ

Fig. 3. Sequence alignment within the homologues of the class Il POU génBsain-2,B Scip andC Brain-4.h, m, r,andf indicate human,
mouse, rat, and frog, respectively. The POU-specific and POU-homeo domains are indicatetiadidved boxessaps are represented by
hyphens.

dition to an extraordinary structure containing homo-where GC pressure is directly reflected. The lowest GC
polymeric amino acid repeats. Table 2 shows the GContent at the third position was 23.0% for the planarian
content at the first, second, and third codon positions 0DJPOU1, while the highest one was 91.4% for the hu-
all the class Il POU genes, together with those of theman Brain-1. There was a wide variation of the GC con-
POU domain alone. A great variation in the GC contenttent at the third position only among the mammalian
was observed especially at the third codon positiongenes, ranging from 64.6% for the rat Brain-4 to 91.4%
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1 60
c Brain-4(h) MATAASNPYS ILSSTSLVHADSAGMQOQGS PFRNPOKLLQSD YLQGVPSNGHPLGHHWVTS
Brain-4(m) MATAASNPYSILSSSSLVHADSAGMOQOGSPFRNPQRLLQOSDYLOGVPSNGHPLGHHWVTS
Brain-4(r) MATAASNPYSILSSSSLVHADSAGMOQGSPFRNPORLLOSDYLOGVPSNGHPLGHHWVTS
XLPOU2(f) MATAASNPYSILSSSSLVHADSAVMQOQGSPFRNPORLLOSDYLOGVPCNGHPLGHHWVTS
61 160
Brain-4(h) LSDGGPWSSTLATSPLDQQODVKPGREDLQLGATI THHRS PHVAHHS PHTNHPNAWGASPAPNPS ITSSGQPLNVYSQPGF TVSGMLEHGGLTPPPAAASAQ
Brain-4(m) LSDGGPWSSTLATSPLDQQODVKPGREDLQLGAI IHHRS PHVAHHS PHTNHPNAWGASPAPNSS I TSSGQPLNVYSQPGF TVSGMLEHGGLTPPPAAASTQ
Brain-4(r) LSDGGPWSSTLATSPLDQODVKPGREDLQOLGAI IHHRS PHVAHHS PHTNHPNAWGASPAPNSS ITSSGQPLNVYSQPGF TVSGMLEHGGLTPPPAAASTQ

XLPOU2(f) LSDANPWSSSLASSPLDQODIKPGREDLQLGAI THHRS PHVNHHS PHTNHPNAWGASPAHNSSLTSSGOPINIYSQPSFTVSGMLDHGELTPPLPAGTTQ

161 260
Brain-4(h) SLHPVLREPPDHGELGSHNCQDHSDEETPTY
Brain-4(m) SLHPVLREPPDHGELGSHHCQDHSDEETPTS
Brain-4(r) SLHPVLREPPDHGELGSHHCQDHSDEETPTS

XLPOU2(f) SLHPVLREPNDHVDLGSHHCQDHSDEETPTS

261 360
Brain-4(h) SSTGSPTSIDKIA TPPGDQQPHEVYSHTVRTDTSCHD
Brain-4(m) SSTGSPTSIDKIR 'TPPGDQQPHEVYSHTVRKTDASCHD
Brain-4(r) SSTGSPTSIDKIZ TPPGDQQPHEVYSHTVKTDASCHD

XLPOU2(f) SSTGNPTSIDKIR TPPGDPQQHEVYSHSVKTDTSCNE

Fig. 3. Continued.

for the human Brain-1. This wide variation among the whereas the GC content in the other organisms was
mammalian class Il POU genes was not interspecific buwithin a narrow range (Bernardi 1993 and references
intergenic. therein). Therefore, difference of the GC content be-

To the contrary, the zebrafish ZFPOU1 and the frogtween the nonmammalian genes (zebrafish ZFPOU1,
XLPOU1 and XLPOU3 genes showed relatively lower frog XLPOU3, and frog XLPOU1) and their mammalian
GC content. There is a wide variation at the third codonhomologues (Brain-1, Brain-2, and Scip) might reflect
position among genes of warm-blooded vertebrates inthe difference in genome structure between the warm-
cluding mammals (from 40% through nearly 100%), and cold-blooded vertebrates.

Table 2. GC contents (%) of class Ill POU genes

POU domain Entire coding region

Species Gene First Second Third First Second Third
Human

Brain-1 55.6 38.9 95.8 73.3 57.1 914

Brain-2 50.0 39.6 84.0 70.5 49.6 86.3

Brain-4 50.0 38.9 76.4 59.4 46.7 72.7

Scip 56.9 38.9 96.5 76.7 56.5 894
Mouse

Brain-1 55.6 38.9 82.6 73.0 56.9 83.3

Brain-2 49.3 39.6 79.2 70.2 49.3 77.8

Brain-4 49.3 38.9 63.9 58.6 46.7 65.8

Scip 57.6 38.9 91.7 77.3 56.4 84.7
Rat

Brain-4 49.3 38.9 63.2 58.6 46.7 64.6

Scip 57.6 38.9 90.3 77.0 56.6 83.9
Frog

XLPOU1 46.5 38.2 68.1 56.2 42.4 67.6

XLPOU2 48.6 38.2 56.9 55.0 44.2 61.6

XLPOU3 46.5 41.0 72.9 57.7 46.2 71.0
Zebrafish

ZFPOU1 50.0 38.2 72.2 58.5 47.9 65.7
Fruit fly

Cfla 56.3 38.9 84.7 65.1 48.2 74.0
Silk worm

POU-M1 53.5 38.9 74.3 63.4 47.7 78.1
Planarian

DJPOU1 39.6 38.2 25.7 37.3 36.4 23.0
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Correlation Between GC Content and Amino Acid
Repeat Ratio

)
<

M1 AHI

The mammalian Brain-1, Brain-2, and Scip genes had
o ARSAS A" both the high content of characteristic amino acid repeats
and the high GC content. We thus investigated whether

there was a positive correlation between them or not.

There were no amino acid repeats within the POU do-

” ) main and the GC content at the third codon position of

o ° the POU domain was nearly equal to that at the third

codon position of the entire region (see Table 2). Thus

B R4MM4FS —_— we used the GC content at the third codon position of the
0 y O-r—00A— T ' POU domain so as to make an independent comparison

50 60 70 80 % 100 with the amino acid repeat ratio possible.
Third codon position GC content We defined the amino acid repeat ratio (AARR) in %

) ) ) _.as follows:
Fig. 4. Correlation between the GC content (%) and the amino acid

repeat ratio (AARR). The genes employed here were human Brain-1

(Hq.), mouse( Brain-)l Ml),gzebrafish pBrgin-l homologue, ZFPOU1 AARR = NRAA/NAA x 100 (1)

(Z21), human Brain-2 K12), mouse Brain-2N12), frog Brain-2 homo-

logue, XLPOU3 F2), human Scip KIS), mouse Scig¢S), rat Scip  where NRAA is the total number of identical amino acid
(RS9, frog Scip homologue, XLPOU1FS), human Brain-4 (i4), residues consecutive more than three, and NAA is the
mouse Brain-4 Ni4), rat Brain-4 R4), frog Brain-4 homologue,  totg] number of amino acid residues compared. As shown

XLPOU2 (F4), fruit fly Cfla (D), and silk worm POU-MLE). Tri- i k0 4 \ve found a clear positive correlation between
anglesandcircles represent the mammalian and nonmammalian class . .

Il POU genes, respectively. Since the planarian DJPOU1 containingGC content and AARR (correlation coefficient was
no amino acid repeats showed an extraordinary GC content (23.0%), @.82).

was excluded from this figure and calculation of correlation coefficient.  Qne possible explanation for this correlation is that

M2

Amino acid repeat ratio
=]

ﬂl human Brain-1
mouse Brain-1

zebrafish ZFPOU1
human Brain-2
1001 mouse Brain-2
& rat Brain-2
— e frO0g XLPOU3
human Brain-4
% 100° mouse Brain-4
rat Brain-4
frog XLPOU2
human Scip
2 $| mouse Scip
& rat Scip
51 fIOg XLPOU1
100* ]fruit fly Cfla
Isilk worm POU-M1
planarian DJPOU1
nematode ceh6
I L
0 0.05

Amino acid substitutions / site

Fig. 5. A phylogenetic tree of the class Ill POU genes. The humanidentical among their respective homologues of all the mammals com-
Oct-1 was used as an outgrougumberson the branches represent pared in this study, as well as between fruit fly Cfla and silk worm
bootstrap probabilities (%). The probabilities are shown only for thosePOU-M1, shown awertical linesin this figure.Asterisksindicate the
greater than 50%. Since the POU domain amino acid sequences wetkeoretically expected values, because of identical amino acid se-
highly conserved, those of Brain-1, Brain-2, Brain-4, and Scip werequences.
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the GC pressure has caused generation of amino aci@C-rich sequences encoding these characteristic amino
repeats during the vertebrate evolution. There is a widecid residues could influence the transactivation ability.
variation of the GC content among genes of warm-The occurrence of such amino acid repeats in the mam-
blooded vertebrates, whereas cold-blooded vertebratgalian transcription factors must facilitate diversifica-
genes show the relatively lower GC content within ation of gene regulation mechanisms in the central
narrow range (Bernardi 1993 and references therein). Imervous system and might generate novel brain organi-
fact, the class Ill POU genes from cold-blooded verte-zations including neocortex. Interestingly, after the
brates (amphibians and fish) having low GC content hacmergence of warm-blooded mammals the amino acid
few repeats, whereas those from warm-blooded vertetepeats of the class Il POU genes have been well con-
brates (mammals) showed two phases opposite to ead@erved both in amino acid residue and in their repeat
other: the higher GC-content genes containing a numbefumbers. These suggest that evolution of the neural sys-
of amino acid repeats such as Brain-1, Brain-2, and Sciplem has been influenced by the GC pressure, at least in
and the lower GC-content genes containing very fewmnammals. Sequence data of the class Il POU genes
amino acid repeats such as Brain-4. Moreover, amindrom reptiles and birds could provide further evidence
acid residues constituting the repeats common to th&r generation of the homopolymeric amino acid repeats

mammalian Brain-1, Brain-2, and Scip were alanine, gly-Under GC pressure.
cine, and proline, whose codons were GC rich (GCN, _
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