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AS3RACT
The blastoderm stage of D oila embryogenesis is a time of crucial

transitions in RA transcription, the cell cycle and segment determination.
We have previously identified three loci encoding RNs specific to this stage
(Roark et al., Dev. Biol. 109, 476-488, 1985). We presenthere the complete
nucleotide sequence of one of these loci, bsg25D, which eoes a 2.7 kb
blasterm-specific RNA The primary structure of this INA, and that of an
averlappirn 4.5 kb N, has been determined. The amino acid sequence of the
predicted bsg25D protein has been compare to the NBRF protein database.
Structural similarities between domains in the bsg25D, fos, and tmyosin
proteins, and their possible significance for early embryogenesis are

ITWJLIMON
Dramatic transitions occur at the blastoderm stage (1.5-3.5 hrs after

fertilization) of Droscphila embryogenesis (reviewed in 1). Nuclei, which
have been dividing syncbronously at the highest rate known for eukaryotes,

migrate from the interior of the embryo to its surface to form the syncytial
blastoerm, become surrounded by membranes to generate the cellular

blastoderm, and traverse the first true cell cycle. R transcription is

activated to the highest embryonic level, per nucleus, during this time, and

by the end of the blast rm stage, cells have become determined as to

their segmental fate in the ectoderm of the larva and adult.
one approach to undieranding these events is the isolation and

characterization of genomic ENAs encoding mRNAs specific to the blastoderm
stage. Three blastoderm-specific genes (i.e., genes encoding NAs which are

50-100 times more abundant in blastoderm embryos than at any other stage)
have been identified by molecular screening techniques (2). This approach

has identified two loci which encode proteins with putative 'TM-binding
fingers" (3, reviewed in 4, Baldarelli et al., in preparation); Utese genes

may be involved in the regulation of other genes at the blastodrm stage.
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We present here the molecular characterization of a third blastoderm-
specific locus, b which maps to chromosomal locus 25D3. The bsg25D

locus is defined as the DEA which encodes a 2.7 kb blastoderm-specific PNA
and overlapping transcripts. We have determined the genomic DM sequence of

the bsg25D locus and the primary structure of the bs25D NAs, and have

carried out computer database searches for homologies to the protein encoded

by these RAs.

MATERIS AND EHODS

Unless otherwise noted, routine bandling of nucleic acids followed

standard protocols (5).

ENA sequencing
Both genomic D[A and cE[ were s d by the chain termination method

(6) using buffer gradient gels (7). Most of the sequence was cbtained from

raxlom subclones generated by sonication (8). Additional sequnce was

determined from subclones generated by digestion of large [hA fragments with

four-cutter restriction enzymes, [NAase I digestion of large subclones (9),
and digestion of large subclones with exonucleases III (10) and VII (11).
Isolation of cEA clones

c[hk clones were isolated from two embryonic c[A libraries (12,

Goldschmidt-Clermont and Hogness, unpublished) by plaque hybridization (13).
Transcription mapping

Two microgram aliquots of poly(A) + Apreprd from 1.5-3.5 hour embryos
were electrphoresed and blotted as decribed (2). RA was detected by a

sandwich technique, in which small, single-stranded M13 probes (unlabeled)
were first hybridized to the blot, followed by [32P] nick-translated M13 RF
DNA (14).

Primer extension and NA seuenciig were as described (15), usirg 6 or

12 micrograms of poly(A)+ NA from 1.5-3.5 hour embryos, respectively.
Hybridization of 105-106 cpm of probe was for 18 hours at 520C. Prior to

sequencir, the hybridization mixture was divided into 4 equal aliquots.
Si nuclease analysis was carried out essentially as described (16) using

105-106 cpm of probe and 6 micrograms of poly(A)+ RA from 1.5-3.5 hour

embryos. Hybridizations were carried out for 18 hours at the temperatures
indiaein the legeind to Fig. 4, followed by digestion with S1 nuclease

(500 units, BL) for 1 hour at 370C. Reaction products were eleArcphoresed
on sequencing gels.
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Computer is

The I1a sequence was compiled using the DB system (17,18). Codon usage

analysis anxd translation were conducted using the ANALYSEQ package (19). The
standard codon frequency table for this analysis was compiled from 20
pr ila protein coding genes (20).

Searchirg the National Biomedical Research Foudation (NEF) protein
database was corducted using both the ISRCP program (21) and the SEARCH

program distribated by the Protein Information Resaurce (PIR; 22).
Potentially homologous sequ.iences were aligned by the ALIGN program, also

distributed by the PIR. Prc*abilities that alignment scores would occur due

to chance alone were calculated based upon the normal distribution, since
rarx2om scores generated by the ALIGN program follow this distribution (23).
The probability that an 8 amine acid identity would ocar due to chance alone

was calculated accordin to Kabsch and Sander (24), using an average
frequency of occurrence for each of these 8 aminm acids of 0.062 based upon
data reviewed in (25).

Hydrphobicity correlation ooefficients were calculated accordin to

Sweet and Eisnberg (26) usir each of the four hydrcphabicity scales

compared therein. One rardomization of the bsg25D seque produced by the
ALIGN program was used as a control for unrelated structures (see Table 1).

RESUL[S

Physical organization of the 5D locus
The genomic DMk clone containing the bsg25D locus, IB150, contains two

Eco RI fragments of 9.1 ard 7.0 kcb which hybridize to four RNA species (2).
The 9.1 kb Eco RI fragment hybridizes to a 4.4 kb transcript (Fig. 3, lane

9.1) which is expressed througIout most of embryogenesis (2). The 7.0 kb Eco
RI fragment hybridizes to three RNAs of 2.7, 3.0 and 4.5 kb (Fig. 3, lane 7
and data not shown). The overlap of the latter NAs is most clearly
demonstrated by their hybridization to a single ciA clone homologous to a

portion of the 7.0 kb Eco RI fragment (Fig. 3, lane c3). The 4.5 and 3.0 kb
RNAs are expressed primarily durirg the first 8 hrs of embryogenesis; the 2.7

kb transcript is blastoderm-specific (2).
The pysical map of the bsg25D locus, which exists as a single copy in

the haploid genome (20), is shown in Fig. 1. The 4.5 kb IN overlaps with
the 2.7 kb blastoderm-specific transcript, as irdicated in Fig. IA. Tiis is
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Figure 1. Organization of the bsg2SD locus. A) Restriction map and
transcription map. TLp line represents the genomic EA whose sence is
presented in Fig. 2. Nmbers above ticks represent nucleotide positions in
kilobases, letters below ticks represent restriction enzyme recognition sites
(E: Eco RI; S: Sst I; B: Bgl II). The lower two lines labeled 2.7 and 4.5
represent the transcription map of the RNs of these sizes; solid lines are
exons, hatched lines introns. The two small arrows labeled c8 and clO
represent the map positions of partial cNA sequencs determined from clones
c)I-8 and ciA-10. B) Codon usage analysis of the bsg25D nucleotide
sequene. Probabilities for axling are plotted along the vertical axis (the
mid-height position of each panel reprsents a prcbability of 50%) and
nucleotide position is plotted along the horizontal axis in kilobases. Each
of the three panels represents one of the three possible readirg frames.
Ticks at mid-height represent stop codons and ticks at the bottom of each
panel represent AUG codons. Open reading frames included in the ksg25D RNAs
are numbered 1, 2, and 3 and each is demacated by upward arrows. Sirgle-
stranded probes used for the experiments shown in Fig. 3 are shown in the
middle panel aid represent rucleotides: 275-484 (a); 796-1008 (b); 1409-1597
(c); 1921-2093 (d); 2495-2639 (e); 2672-2894 (f); 3347-3523 (g); 4249-4529
(h); 4904-5075 (i); 5273-5433 (j); and 5787-6187 (k; the 3' end of this probe
is approximate since it was determined from an agarose gel). C) Probes used
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for transcription mapping experiments represent nucleotides: 276-426 (P1);
276-1589 (S2); 276-2836 (S3); 4460-4987 (S4); arnd 6637-7345 (S5). Asterisks
represent the end which was labeled in these experiments; asterisks on both
ends of a probe signify that the probe was uniformly labeled.

-120 -100 -80 -60 -40
atcaatctaa cgatagtgta taaogatagg aacaatggtc cacgatatgg ccactccgt gcaagtttgc ttaatgccct ccagaggg catgct

-20 1 20 40 60
cgc±atsctg cattaattgt tttttLX CTCGCTAGM ATACGCTATC CCAWAAAC GCAACCGC GATIG ATGTAAITCGAPS TAT

80 100 120 140 160
CATAGATAG TAGTAGTPGT ACCCCTCAA ACTGT GTCCAA A C4PCCGTGAT TCCCCCCCA CCCACGCA TAGACCCCGA TATTTCAM

180 200 220 240 260
ilTrrmr WYCGCCCTIGA C IGrGrGT MCCC CCCAAGAAAA AAMMG@A GrIGAC MAATGA CCGATCGATT GGAACGGCAG

280 300 320 340 360
GAATCCCCG GGTACGGAT AATGGATA TCCGCCGATC CGTACGAGCA GAATCTAC CAAATG1TCC GACTGCGA GAGCGT GCT

M E V S A D P Y E Q K L Y Q M F R S C E T Q C G L L D
380 400 420 440 460

ACGAGAAC CCTGCTGAAG CTCTTC TGCTAGCT CCGGGATCAG GGATCCGCC TGATCGCCAG CCTGGGCGGC AGCATCPGC GIGTI
E K S L L K L C S L L E L R D Q G S A L I A S L G G S H Q L G V S
480 500 520 540 560

C Cli TTCAA4G3GA CGCTACT CATCCTIW TCWXGTTCG ATGgtaatac gtcatcgggt ttcattggtg agatagcaca aagaatcgat
F G Q F K E A L L N F L G S E F D D
580 600 620 640 660

cacgctatag attaacttat atagtataaa gataatattt gctataagct aacgcgacag gttcgcataa aaaac gttttatctg taattgogct
680 700 720 740 760

ttaattaccc atcaagcaac atcagataat taoggaatgt ttgccagca cttattagag atagtaattc aattttgaca oggatttgga accgtgtgg
780 800 820 840 860

tttccctatt aataaaa tgatctaatg aacacatttc tagcagtct tagatgaaca aagccatt.c ttaatactca aagaatgct accatctaog
880 900 920 940 960

tgctaatttg caaggattat gcacatttac ttcaaacctc cgcttatctg atttggaaac ttctgggcaa atttaggaca ccttagggta cgaatatcat
980 1000 1020 1040 1060

aatcagcacg cggattagca cgcggcagct gggatcata aaatcataga tgaattgac acttttttac gatcccaac tgttctcgac tacctgatcc
1080 1100 1120 1140 1160

tgcatgatcc ttatcaggta gatggttaca atgtcctgta taaatacgcg aacattcac ctcagtt tagttaaat caaaatggga acacgattgt
1180 1200 1220 1240 1260
attaccgg atcggcggt cagttaaag atoogataat tgagaagcta gccgctctt ttggtagcca cctaagatccatacaactIt tccagttctc
1280 1300 1320 1340 1360

tgctaactta tatctattga atcttccagA 1TCATG GTGATrAC ATGICWT PAMAA A TACATCGAGAGTCC GTC1TCCGAT
R S L V I T D E P L NNT Y I E S P P E S S D

1380 1400 1420 1440 1460
uG mI~ CACWCCT C GGG C ACCAAGAAAT 1ACTCG GTCTACCAC TCTACATT ATCGTCACG GACTGA
R E V S P K L V V G T K K Y G R R S R P Q Q G I Y E L S V T D S D N
1480 1500 1520 1540 1560
ATACGA GGAAGTTG CACGGC AMTCAGCG A4XCTCA GGATGCGATG PGCTGGGAGT TCAGgtgagt gtogtttgtc aagtcaagta
T D E D Q L Q Q Q Q N Q R S L N G C D E L G V Q
1580 1600 1620 1640 1660

cgaagtggog atacaacttc tggtatgtat gcaaaattgc atagtaaaca gattttgttt aatcgttatt attgctgata cagtagagca tgcctaagta
1680 1700 1720 1740 1760

gcactaccaa agcaaacaaa ttatcttaaa tatacatcat gatcatcata agcatcttat ttttccaaac ca gtg caacgttcct ogtcccagag
1780 1800 1820 1840 1860

cgatcttcct ggc gc gttgct cgtccacacc agcgggagca aactgaagcg ttgtgcttca ctgccagccc googgaagat gaacagcaac
1880 1900 1920 1940 1960

accacggagc cactacatca ccgaoggcag cggccaagtt gaaacagctt tccatccaga gccaggcgca gcacagcagc agcgtggaat cac aa
2000 2020 2040 2060

gtttccttg gccagaccg ctttggctag ccgatccccc ttgtccctgc cactcct bgttgttagc ccaaaatgcc aaaattacgt ttgaagcaat
2080 2100 2120 2140 2160

gttaaaagca aaacacttgt ttgtcggtac a tagc catqgcc+ ccaccaatcc cgactcg tccggcat ggagatgcta ccaqggc
2180 2200 2220 2240 2260

cgttggtcat gctgcaaagg tttgtgcgct ctgaagcaat tgtcaacacc ctcacacca ccgaatcccc aacccagtca tkggtatct aatcgcaccc
2280 2300 2320 2340 2360

tatgtagccg cacatttgat tcgttttttt tactcgtata ataacatatc ctacattttc aacccttagt aatgctgtaa tgcattgaca atcaatttaa
2380 2400 2420 2440 2460
ttaaggattt catataaatc aatttcagtt agaaaggata tttacttata atttgttcta ttttcttgat ttattagttt ctacctcttt aaataacacg
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2480 2500 2520 2540 2560
gcaaaaattt ctcatttcta aaagccattt gatatagaga aataacaaac tttcggcgct tttgcttaca ccatcgacac ccttccccac
2580 2600 2620 2640 2660
tccaatccc aatccatcc cacacccacc tggtatcttg ggcttatgt ataaaaatgt gtatat agcgagcc aatctcattc gtcccacgt
2680 2700 2720 2740 2760
aattgttaat tgccatgatt tacagacc gtgaccgc agCATTMA GCCAiTC1A GIIEATMCA TATGAC CTIGCTG XCAGCATC

Q L E T I S V H S I N E A W E L A S I P
2780 2800 2820 2840 28m0
CCAAITG CACTA CNGTCCTGG GA1TCGATGA QGGAG GTGAACTCC TCAATGGGW;CCTAGATGcGGCAT
N T R N L L H V L G F D E E E E V N L Q Q L T K A L E E E L R G I
2880 2900 2920 2940 2960
C GAUT CMAW T GWTATGIT WC&TCTG WUTlTCTQ AGCCGA GTTGCA TACI1TG OCTATAGGCG CATGG
D G D H E Q S N M L R A L A A L Q A T E L G N Y R L A Y R Q Q H E
2980 3000 3020 3040 3060
GI CTCA ATGA0 CGATMTA4G GCGCCAC AA TGGC TTITG CC GTGSTI ATGAGCGGA uATiGCTG GSGATAC
E N L K L R A D N K A A N Q R V A L L A V E V 0 E R H A S L E D N S
3080 3100 3120 3140 3160
CCAGAAA GGTGCM CTllGMA G;CQCM CATGTGC GMATAM TGOGATGRC TMATGP GATCXT0GA ;CCATGA
K K Q V QQ L E Q R H A S N V R E I T L R N T N D R D H W T S N T
3180 3200 3220 3240 3260
IGACTG GA G TTWTCGT TGGCA GAGATCCGTC TG1WA :TGTG GTBCXG mACCGGGG
G K L E A Q L K S L E Q E E I R L R T E L E L V R T E N T E L E S
3280 3300 3320 3340 3360
GAC&W AGCTCAT CCAAATCA GC1TCTCG AAT TAAGCTCAX CAGlT; CMAGGTC&GTACATr GGTGSAIC
E Q Q K A H I Q I T E L L E Q N I K L N Q E L A Q R S S S I G G T P
3380 3400 3420 3440 3460
CGGWCM TCCATFGIGA CWUI ATAGGA CA GAPTGCTCC MCTMTAG GAGCTT GCTCTTCAAA TWGWA
E H S P L R P R R H S E D K E E E N L Q L M E K L A A L Q M E N A

3480 3500 3520 3540 3560
iCTGT @CAMCG ACG°C CATCGAMTC GWYCTTM ATGT ICT AAMTTCGCTCG AAC CTMAACA AG &

Q L R D K T D E L T I E I E S L N V E L I R S K T K A K K Q E K Q
3580 3600 3620 3640 3660

G1GASACGAAGGAC;A GTCGGCGC AGKTACA AACGTGG G GCMWNZ ATCTAA4AGA GGGGCT i A
E K Q E D Q E S A A T A T K R R G D S P S K T H L T E E S P R L G K
3680 3700 3720 3740 3760
AC M GSGCCGA IGCA GCGAMC CAMGGA IGGli CTCTAAC WFAGCTA WCAMT GCCAGGATGA
Q R K C T E G E Q S D A S N S G D W L A L N S E L Q R S Q S Q D E
3780 3800 3820 3840 3860
W TAACA A TG MACGTGC TWAGLT GAT A A W G O fA TTCGGA
E L T S L R Q R V A E L E E E L K A A K E G R S L T P E S R S K E
3880 3900 3920 3940 3960
CTlGlCA GCTAGCA MATGCACGT GCCTATGAG ATTGCG CTCTGMGCA ACAA A CGG GLATG1TT GGAGA
L E T S L E Q M Q R A Y E D C E D Y W Q T K L S E E R Q L F E K E R
3980 4000 4020 4040 4060
CGMATCTA CGTGA CAGCPCGM G GTTCACCGM CTGATGGAA AGTGCGA GTAC4 CMTTCAGA AGGAT;G
Q I Y E D E Q H E S D K K F T E L M E K V R E Y E E Q F S K D G R
4080 4.L 4100 4120 4140 4160
ICTCTQXC ATZITGA C GCGATATGCT GGAAGA TATCGT TWAG A GC CTCGCI GTtCCATTCA MTGCTCGAG
L S P I D E R D M L E Q Q Y S E L E A E A A Q L R S S S I Q M L E
4180 4200 4220 4240 4260
G TC AGMTCA CTCATGCPA TCATG TTG ATTG GTGAGAG TTGATCCT TKWC IGTGWlTCA
E K A Q E I S S L Q S E I E D L R Q R L G E S V E I L T G A C E L T
4280 4300 4320 4340 4360
CCTWCG GGT CTGATGG AG ATCCC AGCTC CA TCAACCT CTGflTM AGCANXAJC A WGCC
S E S V A Q L S A E A G K S P A S S P I S Y L W L Q S T I Q E P A
4380 4400 4420 4440 4460
GAAATCK1T GCCGATTCCA ATGATC GCCGXT GCCATCGAT TGCTCGGA CTCCATCG CNANWG CAG GTG NTATGAGAA
K S L A D S K D E A T A S A I E L L G G S P S H K T A S R*
4480 4500 4520 4540 4560
G1TCTC GTGTCC1TRG TGTGAGCTC TGTGTCIT CCTCATAATT TlXTGAT GTCCTGTATA TATGnTFCMG ITGTCCCTC AATCTAACC
4580 4600 4620 4640 4660
ATGXTATTA TAAGCTAATT TAATCC1TMT AATTGTATGT TTGTGiTTGT 1TMTAAATA TAA1T[ATAT TCATATMGA ATTCATCACA TTATCGAMT

t t t t
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4680 4700 4720 4740 4760
TCA TT1T AT(Mn1CAMTATKA TMTAMTTTKA*MM ITPCT 1T1 TCG0UATG= AAT1GTG TGGPMTGGT ITITGIITc
4780 4800 48201 4840 4860
TA1T1TECN Ai I iGTATCA TA)CGTTCT T GATgIAATCT TCMATCGM TA11TA MTCATCA M C C AA
4880 4900 4920 4940 4960
CAATAP ACCtPCCT A TMATCCF CMTTAT N lCC1TCG P4TCTCA GCI Ci luTCACGA KAGSMCAA CNGCMCGCC
4980 5000 5020 5040 5060
TACtCPAT CCCGCCC CTCCGATCAG C WGCCAG CGGTCCAGA GTCCCAACA GGCG TCGGAGGGA AN1ATAGCCGA TT1CG
5080 5100 5120 5140 5160
TCGCI CGTCCGCAA AATTCGAA TCCAACATA AAACGTCTTGCMAGCCC GAGAGTGA IILCGC CGGAGGAXT&A
5180 5200 5220 5240 5260
ACMTAA GtrLC1iG CTICICCT AGGAGMT CAPATCTG AGTCTM G3GACTGQ AT CTQRGT 11
5280 5300 5320 5340 5360
GCGCCGTG CTCG1AG CCTATGT GCATPA CI IGI CATGGAAT ATiCTAATCG TATCTGTGiA CTC1TI111A GGWJG
538 5400 542 5440 5460

CATICCAA T1TCA G ACTGCAA TTGGT4 I GAMTCQCA TCTGCAAT GTCATCPA AGCA TTACL40 TCCCGATGC
5480 5 5540 55W
PGTA=A4T G(7PC CTATGCAA WA;MATAM TGTMTAM ATTCATT ATCCTG= CAGATCMG TGTCAACTGATTGAAT
55 5600 5620 5640 5660
ACMTGOAG ACCA G=TQIP CCG4TCAWAGRC TEG CMGTICG KATCCT00T GMATCTA TATGTCW ATCTCT
5680 5700 5720 5740 5760
GCGG GG CGGT TGGA A IACG A GTGAACA TGIC4C GAGA CAGG ACTGCTM
5780 5800 5820 5840 5860
ATGCMAGTN iTllCCC AAC(;A TATAGMTAT AGATMATAT GWAA A AACCTGAGGA G0GG GTG CTCATCG GCAAATCG
5880 5900 5920 5940 5960

AACATGCACC TAACCATAGA TCCMTATGAA IGI I rA TATAATEC TCGGTGTT AAGTTAT ACCGTCGTA I ICG rATTCG TACGTTGGT
5980 6000 6020 6040 6060
1TITIItit AATGAATGTG MTCCATGTT GTTCG AGCAGCA AMTAXCT AAAGTGATM TAATAAC TTAATCAC CCACGCM
6080 6100 6120 6140 6160
ATGCA ATCCAPCTA GTGTACCAAT TTGTAAXA TCTAGTMTC GAATCGACTA AXTAMAC AGATAA GEATATACGATGMGTAC
6180 6200 6220 6240 6260
cCCGTAGTA TATGITGI GCM TGTM CXTTAATT GATATGAA KATATCG TATATTMTT ATATrAGAG AA GTATT TrTAIATGT
6280 6300 6320 6340 636
TATiGTCTG AGTAGGCGAG CUTATC MITGMTATC ACG=M TCAMTGAT C0MTPIGI TGATMiTTA TTGATA AMTGAAAT
6380 6400 6420 6440 6460
GSGGTAMA MTGATCTAT GATAJTGATA TTGATGTMT AMANaG AAAGCT TAAPTGA PacATKA CGATCTATG TATMATT
6480 6500 6520 6540 5660
GCATCTAM TTPGOMTA CTTCMTA TIGTIIIGC GAACGT I I I IaGTTATCAATCG TCMTA TCXTCATT TATATGTMA
6580 5600 5620 6640 5660
IPMWMA CTCPI AITCNAT ATCGTAAT CAG(TGM ATCMTNAT TCG4TCAAM TNiAAGMA CTl1IMAA GTATAWA
6680 6700 6720 6740 6760
TM[ AAA TAatcaatt atttataaaa ccaaattgtg ataactcgtc tttattctaa atagttatta aaatgttgcg ggaatataaa
6780 0 6820 6840 6860
cttattgttc ataaataaa cttgcttatc agttttttgg aaatgttaag attttgtttc ttattaaatt aattgttatt aaaattaaaa gatttatgaa
6880 6900 6920 6940 6960

gtttaaatta tatattgata agataaacaa tttattttat tgcttcaaaa tatacattac ttttttttag gaatttaaat atccgtttta agtcttttaa
6980 70 70 7040 7060
tttttaatta ggttttaaat ataatatoga ttaaatagtt gactccattg gaatatcgat accgta tgtttcttcc agctctatcg g gcgct
7080 7100 7120 7140 7160

gttaaagttt atttgtactg ttaacggaa ttggattaaa atgttttgtt ttttgttagt tttcggtgta aatgtggttt tagtgcactt aacaactggt
7180 7200 7220
ggtgtgcgt tatagtaaat gaacttaaat gcaattaccg aattc

Figur 2. Nucleotide sequence of the bsg25D locus. The sequen is shown
below numbers which indicate nucleotide position, with transcription
initiation at nt 1. The TATA homology is urderlined; the tra ription
initiation site is indicated by an arrow; exons are indicated b u r case
letters; introns are indicated by lower case letters; 3' ends of partial cEA
sequenes (from nt 3724-4089 for cIA-8 and froxm nt 6259-6693 for cENA-10)
are indicated by leftward arrows below mbers cor r to the clA
clone; poly(A) addition signals discussed in the text are urderlined; and 3'
ends of transcripts are indicated by upward arrows.
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also the case for the 3.0 kb RNA (see below), but it is too rare to be mapped
by available methods.

The complete nucleotide sequence of the bsg25D locus is presented in

Fig. 2. This sequence includes 125 nt upstream of the transcription
initiation site, three exons and two introns, and 523 nt downstream of the 3'

end of the 4.5 kb RNA (see next section). Approximately 70% of this tA was

sequed on both strands. The accuracy of the remaining EA sequence was

insured by sequncing multiple clones representing these regions, ard

ambiguities were resolved by substituting dITP for dGIP in the sequing

reactions (20).

ITanscription mapping the bs2 RNAs
Ihe results of transcription mapping show that the 2.7 and 4.5 kb bsg25D

RNAs initiate at the same site, that they have two intervening sequences
which are spliced in the same positions, and that the greater length of the

4.5 kb RkA results from read-thrcii transcription past the 3' terminus of

the 2.7 kb RNA (Fig. LA). Five indeperdent lines of evidence suport this

conclusion:
1) Nine cIM clones analyzed (out of 31 isolated, see Materials and

Methods) fell into two classes: one which hybridized to both the 2.7 kb and

4.5 kb RNAs (8/9), and one which hybridized almost exclusively to the 4.5 kb
R (1/9) (Fig. 3, lanes c3 and clO). Sequence analysis allowed mapping of

the 3' end of two cEtN inserts, one from each class, to the positions shown

in Fig. 1A.

2) Codon usage analysis (19) of the bsg25D [NA sequence suggests the

presence of three open reading frames with high probabilities for protein
coding (Fig. 1B); these open reading frames correspord closely with the

proposed 2.7 kb RNA exons (Fig. lA).
3) Hybridization of small single-stranded probes to RNA gel blots

indicates that the two RNAs overlap, that they share three exons, and that

the 4.5 kb RNA is derived from a region beyond the 3' end of the 2.7 kb RNA

(Fig. 3a-k and legend).

4) RNA endpoints, determined by primer extension and S1 nuclease

analysis (Fig. 4), are consistent with the proed trascription map. RN

sequencing by primer extension is collinear with the [A sequence to nt 39

(as far as the sequence could be read), consistent with initiation at nt 1.
The precise positions of the 5' and 3' ends of the three exons, determined by

S1 mapping, are summarized in the legend to Fig. 4. The terminus of the 4.5
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9 7 a b C d e f C h k c3 lO

Figum 3-. Mapping ~~ RNAs by probing RNA gel blots. Arrows indicate
hybridization to the 4.5 and 2.7 kb bsg25D RNAs. Blots of 1.5-3.5 hr

+ with32~.poly(A), A were hybridized as follows. Lanes 9 ad 7 were prbedw
nick-translated 9 ard 7 kb Eco RI fragments from clone IBiSO. lanes c3 al
clO were probed with ctNA.-3 or cEtM-10, which were nick-translated with "P.
Lanes a-k were hybridized with the small single-strarded [E famet a-k
shown in Fig lB. The small size of these probes ard the rarity of the
RNAs required the design of a novel hybridization prtoo (14) in order to
detect the low signal shown in these experiments. Probes from regions
encoding exons hybridize to the 2.7 kbRbA (lanes a,c,f,g,h), while those
from regions encoding introns doRnt (lanes b,d,e). In addition, all prcbes
which hybridize to the 2.7 kb s also hybridize to the 4.5 kb n, although
this is difficult to detect in the photograspic reproductions of some lanes.
Probes from the region encoding the 3' end of the third exon hybridize only
to the 4.5 kb RNA (lanes i,Ij,k).

kb N d ced bySl analysis is consistent with the location of the 3' end
of cDNA-10 at nucleotide 6692.

5) Transcriptional signals in the IDNA sequen (Fig. 2) are consistent
with the RNA erdpoints determined in the preceding experiments. Upstream
from the transcription initiation site is a TAIA sequen, as is usually
found for genes tra ribd by R polymerase II (28). The transcription
initiation site is homologous to other lhila initiation sites (not
shown, 15). Seq at the splice junctions between ns 1, 2, arx 3 are

all reasoably homologous to consensus splice juncticn sequen (27), and in
each case the Gr-AG splicing rule (29) is strictly followed arxi the aen
reading frames are joined in frame. Twre are two c asus poly(A) aition
signals at positicns 4628 and 4694. rhe last three of the erdpoints
determined by Sl lease analysis for the 2.7 kb RN& are conistent with
regnition of these signals, but the first three endpoints are notp
by similar signals (see Di i . Altbough there are no cxsenos poly(A)
addition signals located near the designat 3' end of the 4.5 kb RA, two
variants of this sequence locatead at nruleotides 6667 ard 6677; botfh of the
have been shown to be functicnal poly(A) additional signals in other systems
(see Discussion).
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Figure 4. Mappin bq25D by Si and primer extension. A) Determination
of the 5' end. Uniformly labeled 150 nt primer P1 (Fig. 1C) was exterded in

the presence (lanes A, C, G, and T) or absence (lane -) of
dideoc_yrcleotides. 'le arrowhead (lane -) irdicat the loqest prduct

(275 nt) which places the transcription initiation site at nucleotide 1 (Fig.
2). ie of the WA, determined usirq the same prcbe in thepresence

of dIleotides (lazes A, C, G, T) was collinear with the seqence

to nt 39 (as far as it cauld be read). lane t cmtains product of a contrl
reaction, where tWA was ss titute for blastoiderm B) Hapirq splice
jurntions. lie lerqths of exan 1 and 2 were determined uswi uniformly
labeled prcte S2 (Fig. 1C) which was hybridized to at 520C, followed by
Si TWO distributions of i t, entered arcuwin
intense bards of 252 and 245 nt (arrows, lane 2), were faund [other fragments
in lane 2 were also present in coltrol reactions which lacked blastoderm

(not shown)]. As preliminary Si analysis (not shown) placed the 5' en! of
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exon 2 at position 1305, and a cansnus donor splice jurcticn sequence (27)
sequence is located at position 1549, we assign the 245 nt ected a
to exon 2. Assignent of the 252 nt protted fragment to exon 1 places the
3' end of this exon at nuclwtide 528 (Fig. 2). Lan M is a squenc lane
representative of the stardard used in all mappg experiments. The 5' end
of exon 3 was determined by Si anlysis usir probe S3, which was hybridized
to RNA at 50°C. Ihe arrowhead (lane 3) points to 114 and 115 nt protecd
fragments. On the basis of these fragment sizes and the onisensus splice
sequence, we place the 5' end of exon 3 at nucleotide 2717 (Fig. 2).
C) Determination of 3' ends of the 2.7 and 4.5 kb RNAs. Probe S4, hybridized
to RNA at 43°C, was used to determine the 3' end of the 2.7 kb RNA.
Arrowheads (lane 4) point to proteted fragments of 128, 143, 163, 204, 244,
and 258 nt; these fragment sizes indicate that the 3' ends of the 2.7 kb RIA
are at nucleotides 4589, 4605, 4625, 4666, 4706, and 4720 (Fig. 2). Probe
S5, hybridized to IH at 300C, was used to determine the 3' end of the 4.5 kb
RNA. Only a very faint pr ted band was cbserved which was not present in
ontrol lanes (arrow in lane 5); this band was difficult tor ce

tograhically. The position of the 3' end of the 4.5 kb IN correspmdin
to this prot fragment is nmcleotide 6697. Both - lanes in this panel
are control S1 reacticns for the rscveprobe in which tHi was
substituted for blastorm A. lane P in this panel is probe 5 which was
not treated with S1 to show that the proecte fra ent is not p n

'h total length of the exs maped in the above are 2.7
and 4.7 kb, consistet with the 2.7 and 4.5 kc sizes teied from IM gel
blots (2).
Protein database searches

The 741 amino acid seq e pricted from the nuleotide is

translated in Fig. 2. Codo usage analysis in Fig. 1B shows a p bility
for codir of at least 50% for the entire lewxth of this amino acid seg.iwence
(see areas between arrows in Fig. 1B). The predicted 2 amino acid
seqtiewe was used to search the NERF protein secenoe datse ( Materials
and Methods). We discuss below the two highst cri similarities. To
avoid the functioal and evolutionary implications a iated with the tam
'homology", we use the term "similarity" to irdicate a relatioship

identified by statistical analysis.
The SEARCH progra idtified a 96 amim acid domain with 22% identity

between the bg25D anim acid swence and the of the fos rnoogene;
one gap of two aminm acids was inserted by the ALIGN program into the5
sequerA to cptimize the alignmt (Fig. 5). Also shown in this figure are
regicns of other gem prodts homologcu to fos (see Dscussion). mhe
aligmnent scre for the similarity to v-fos is 7.72 standard deviaticnS above
the avrage score for 100 randomizaticrS of the r tive s noes. 'he
probability that this scor ccild aris due to ctaxm alone was callated to
be _10133 (see M atls and Mets). When this scoe is corrected for the

2319



Nucleic Acids Research

BSG25 (250): D N K A A L L A V E V D E R H A S L E D N S
V-FOS (98): LP Q S A G A Y A R A M V K T V S G G R A Q S I G R R G K V E Q
H-FOS (98): VP P S A G A YfSJR A G VV K TNG G R A Q S I G R R G K V E Q
M-FOS (98): 1 P Q S A G A Y A R A G M V K T V S G G R A Q S I G R R G K V E Q

BSG25: V Q Q Q R H ASMVREI L N D - - RD H W TS M G K
V-FOS: Q L S P E E E E K R R I R R E NK A A K C R N E
H-FOS: Q L S P E E E E K R R I R R E NK A A K C R N E
M-FOS: Q L S P E E E E K R R I R R E N KM AA K C R N Jr E e rg
R-FOS: LSPEEEEKRRIR EYE lDQLEDE SAL EI
C-MYC (399): A
V-MYC (381): E
N-MYC (425): E H

BSG25: LEA KSL E IRIR L LVRT NTEL
V-FOS: L Q A Q L DK A IQT L LE L
H-FOS: L Q A E QL DLA E L E
M-FOS: LQ A E L DE K ALQTk L kJ4IE QL
R- FOS: W
C-MYC: VQAE QK L S E D L LR K L E L
V-MYC: |LQS R L AE Q L RR L NEL
N-MYC: L QAEE QL L L ELQA QQ LLK HA

Figure 5. Alignment of similar domains in the bsg25D and fos proteins.
Residues 250-344 of the bsg25D amino acid sequence (BSG25) were aligned with
residues 98-194 of the FBJ murine osteosarcoma virus (VFWS protein and
cellular homologs from human (PD6J and mouse (M-=FW) by the align program.
A penalty of 12 points was deducted from the raw score for the two-residue
gap inserted in the bsg25D sequence. Regions of the r-fos amino a-id
seqence and myc homologs were aligned with the fos amino acid seq as
reported (36, 37). Two residues of the r-fos sequence between residues 8 and
9 in this figure were deleted (36) to cptimize alignment with other fos
sequences. Boxes enclose residues which are identical in two or more
seuences. In cases where one amino acid is present in several proteins and
another amino acid is present in several other proteins at the same position,
boxes are hatched in opposite directions.

tnumer of comparisos made in the datbas search, the prcbability that the
alignment is due to hance alone is -109.

This similarity suggests that the two domains of the bg25 and fos

proteins may be folded in the same manmer; we evaluated this by calculating
t h d icity correlation coefficient (26). As proteins with similar
three-dimensional structures are characterized by coefficients of 0.3-0.7

(26), our calculation of 0.56 for the hydrophcbicity correlation coefficient
between the bsg25D and fos domains (Table I) ggests that these domains
share a common three-dimensicnal stnrture.

The second similarity, identified by the S prram, is between a 21

amino acid segment of the b2 protein and repeated segments of tromyosin
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Table 1. Hydrophobicity correlation coefficients for the b25fos
similarity domaina.

BSG25D V-FOS C-FOS Ran-BSGk

BSG25D 0.555 0.560 0.229
V-FOS 0.555 0.996 0.227
C-FOS 0.560 0.996 0.229
Ran-BSG 0.229 0.227 0.229

aCalculations were carried out as described in Materials and Methods using
the consenu hydrophobicity scale of Sweet and Eisebrg (26). Similar
values are obtained (data not shown) when the hydrcphobicity scales of
gayhoff et al. (38), Wolfenden et al. (39,40), and Janin (41) are used.
A randomization of the b9g25-fos similarity domain sequence (see Materials
and Methods).

(Fig. 6). The repeated tropomyosin segments contain characteristic clusters

of negatively and positively charged residues; each alpha-helical segment is
thought to bind a monomer of F-actin (30). Both the primary seqece of

several of these repeated segments (shown by alignment scores greater than

3.0 in the right column) and the distribution of charged residues are shared

by the similar segment in the bsg25D protein. In addition, one troomyosin
segment shares eight consecutive identical amino acids with thebg25D
segment. The probability that these eight identical residues would occur in
two proteins due to chance alon was calculated to be -109 (24). The
occurrence of eight consective identical residues is further support for a

structural relatihip between the segments.

DISCISSICON
We have determined the complete ncleatide sequence of the bsg25D locus,

as well as a traription map supported by five independent lines of
evidence (Fig. 1). The primary structure of the 2.7 kb FN was used to

deduce the amino acid sequen of the b protein. ltaba homology

searches reveal two domains of the bsg25D protein which show structural
similarity to domains of products of the fos oncoene and of troomyosin.

The transcription map of the bsg25D locus raises several interesting
issues. First, there are multiple 3' termini for the 2.7 kb RNA Three of
the six pr fragments are consistent with recognition of consensus
poly(A) addition signals, but the three shorter protet fragments are not.

These latter three fragments could result from "breathirg" of the IX-RA
hybrids during the Sl digestion; alternatively, IAs of several different
sizes cold arise from recognition of variant poly(A) addition sigSnals in an
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7-TROPO 1 M®AI M Q M L ®N A

21 &jM®Q A(cA (H)A F) S®Q L 4.4

40 (E)L V S L Q(3,L®G T®Q 4.5

60 Y S(%A i®) A Q(ZL F L A (%I@A T 3.3

80 (AjIjV A S L NMI Q L V 6.1

99 L(& Q( I A T A L Q®L IA(
119 A A($IS($j G MiKZ IV SG A

139 (®DM®I Q® I Q K H I Ao
158 AQ y(Ig) V A(ML V I I @SLs

17B8 jA E L S®G0C[A®L L 4.2

1983 Y T N N L QS L7A Q A F ®Y S Q 3.2

218 IQK I LS &9 A®(D 4.7

237 TA(DA)F A® @5 VTVQL@ S I(L 4.7

257 ( V)LY A Q Q(I YA I S (Q)L® 3.6

276 H A L N®M T S I *

NEGATIVE POSITIVE NEGATIVE S.D.

bsg25D 509 S Q(IEE T S L(IJQ®VI~( IZII -

529

Figure 6. Similarity between a segmernt of the protein and repeatae
segmets of t myosin The complete amino acid sequen of rabbit beta-
tropcmycsin is shown above the of the Egsegm Eah line of
trcpomycsin sequence represents one propoa actin-birding domain (redrawn
frm 30). Within each domain, ai with k taticns of negatively
an! positively ctazqaI residues (shown by light and heavy circles) have been
separated. on tlhe left indicate positiom in the respective amino
acid sequecs, while umbers on the right are alignment scores grated
when this bsg25D segment is compared to the r tive trnomyosi se n
The 8 amino acid identity in the two proteins is boXD

AT-rich region. Secod, variant poly(A) ition signals may also determine
the endpoint of the 4.5 kb fl, which is not located downstream of consen

poly(A) ti signals, hbt is a reasonable distance f two variants of

the sequence, both of whiLc have been demonstrated to be functional
in other sytms (31, 32). Tird, that both KNAs agear to encode the same

protein ct raises the question of whether the 2.7 Rb blastoderm-specific
IA plays a role distinct from that of the 4.5 Rb RNA We have begun
experiments to test whether the two RNAs are distribue differently in the

=0o.
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The hydrophobicity correlations sest that there is a structural

relationship between the similar domains of the ^g5D andx fos proteins.

While the similarity of these domains may arise, in part, from their

predicted extensive alpa-helical strcture (20), it may also indicate that

the bsg25D protein has a function related to that of the fos protein.

Arguments suggesting that the similarities arise not only from alpha-helical
structure are that: 1) of all the alpha-helical proteins present in the

data , none were nearly as similar as the two discus here, and 2) other

rogions of the bsg25D amino acid sequee which are predicted to be equally

as alpa-helical as the fos and tropomyosin similarity domains are not

similar to these proteins. In any case, it is interesting to speculate
briefly about the implications that these similarities, if they represent a

functional relationship, might have for the develomental role of the bsg25D

locus.

The similarity of a small bsg25D protein segment to repeated segments of

trcpomyosin which are thought to bind actin raises the possiblity that the

bsg25D protein might have actin-birdig properties. This could be important

during the blastoderm stage when dramatic cytkeletal reorganizations,
including cell formation, are occurrirx. It has been suggested that actin-

binding domains might function in early embryogenesis to localize molecular

determinants in the embryo (33).

The fos gene is a member of the competence gene family-genes ir by

platelet-derived growth factor. The fos protein is present in the nucleus
and has been speculated to play a role in in signalling cells to cease
dividing prior to differentiation (34,35). The domain of the fos crcogene
product which we show here to be similar to the b gene prodt has also

been shown to be homologous to several other members of the competence gene

family, including r-fos and the myc homologs (36,37, Fig. 5). Although the

bsg25D, r-fos, and m homologs do not share amino acid sequence homology,
hydropbicity correlation coefficient analysis suggests that the bsg25D and
c- and v-myc domains shown in Fig. 5 do share similar three-dimensicnal
structues (20). The structural similarity to products of several genes
irnvolved in changes in the cell cycle ard in differentiation may be relevant

to the function of the bsg25D gene, which is expressed during a period of

embryogenesis when the rate of nuclear division is slowing dramatically and
cell commitment is taking place.

The data pr here form the basis for further investigations into

the function of the bsg25D locus. Studie are underway to characterize the
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spatial and temporal localization of the bsg25D s, ard antisera have been
raised against a peptide predicted from the sequence data (20) for use in
similar characterizations of the protein in developing embryos. A recent
genetic analysis of chrmmosomal region 25A-F (J. Szidonya and G. Reuter,
persnal communication) provides mutations which can be tested for

relationship to the bsg25D locus. The addition of new sequence information
to protein databases may reveal further seqece relationships. We expect
that results from these different experimental approaches will provide clues
about the function of the b protein ard its role in embryogenesis.
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