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ABSTRACT

The unkempt gene of Drosophila encodes a set of embryonic RNAs, which are abundant during
early stages of embryogenesis and are present ubiquitously in most somatic tissues from the syncytial
embryo through stage 15 of embryogenesis. Expression of unkempt RN As becomes restricted predom-
inantly to the central nervous system in stages 16 and early 17. Analysis of cDNAs from this locus
reveals the presence of five CyssHis fingers in the protein product. Isolation and analysis of mutations
affecting the unkempt gene, including complete deletions of this gene, indicate that there is no zygotic
requirement for unkempt during embryogenesis, presumably due to the contribution of maternally
supplied RNA, although the gene is essential during post-embryonic development.

INC-finger proteins constitute a major type of
transcription factor. These proteins are defined
by motifs consisting of a specific arrangement of cys-
teine and histidine amino acids, that, by chelation of
a Zn** ion, allows the formation of a DNA-binding
structure [see reviews by EVANS and HOLLENBERG
(1988) and HARRISON (1991)]. The major classes of
zinc-finger proteins are defined by the nature of zinc-
binding amino acids of the fingers, either as CysoHisg,
Cys, or Cysg. The CysoHis, finger proteins, first char-
acterized in the Xenopus TFIIIA and Drosophila
Kruppel proteins (BROWN, SANDER and ARGOS 1985;
ROSENBERG et al. 1986), generally have multiple Zn?**-
binding fingers ranging from 2 (ADR1; HARTSHONE,
BLUMBERG and YOUNG 1986) to 14 (testis determining
factor [TDF}; PAGE et al. 1987) each complexed with
a single Zn®* atom (PAVLETICH and PABO 1991). In
contrast, proteins of the Cys, and Cysg classes gener-
ally contain only a single Cys; or Cyss Zn**-binding
finger which binds either one (Cyss) or two (Cysg) Zn**
atoms (see review by HARRISON 1991), although a
major subclass of Cys, proteins, the steroid receptor
DNA-binding proteins (see review by EvANs 1988),
also have an additional Cys; Zn2+-binding finger with
radically different cysteine spacing, located 15 amino
acids C-terminal to the Cys, finger.

Unlike other DNA-binding structural motifs, these
zinc-finger motifs may provide a general scaffold for
binding to both DNA and RNA. Three zinc-binding
proteins, two CyseHis; proteins (TFIIIA and p43) and
one Cys, protein (e[F28), function by binding to RNA.
Both TFIIIA and p43 can bind to 5SRNA in Xenopus
oocytes (HONDA and RoOEDER 1980; PELHAM and
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BrowN 1980; JoHO et al. 1990); while TFIIIA binds
the control region of the 5S RNA gene as well. The
elF28 translation initiation factor binds into a com-
plex containing tRNA, rRNA and mRNA and con-
tains a potential Cys, finger that may be involved in
binding one or more of these RNAs (PATHEK et al.
1988). For each of these three proteins, the spacing
between the coordinate amino acids is somewhat al-
tered from the consensus DNA-binding finger motifs.

In addition to these major classes of zinc-finger
proteins are a number of minor classes. One such
minor class is the class of CyssHis proteins, which
includes three genes that are coinduced with the c-fos
and c-jun oncogenes in cultured mammalian cell lines
by serum, growth factors or tumor promoters (see
review by HERSCHMAN 1991). These three proteins,
TIS11/Nup475/TTP (VARNUM et al. 1989; DuBois
et al. 1990; LAl, STUMPO and BLACKSHEAR 1990),
cMG1 (GOMPERTS, PascaLL and BRowN 1990), and
TIS11b (as described in the review by HERSCHMAN
1991), each contains two tandem repeats of a CyssHis
motif and are more than 70% identical within the 67
amino acid region defined by these CyssHis repeats.
One of these proteins, TIS11/nup475/TTP, has been
shown to bind Zn®** and to be a nuclear antigen,
suggestive of a possible role as a transcription regula-
tor (DUBOIS et al. 1990).

This report characterizes a fourth, more distantly
related, CyssHis protein gene, unkempt, in Drosophila,
which was identified as encoding an abdunant embry-
onic RNA. Sequence analysis of the unkempt gene
reveals the presence of five potential CyssHis fingers.
We have found unkempt RNAs to be ubiquitously
present throughout early embryos and to become
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localized to the central nervous system during later
embryonic stages. We have utilized a w+ transposon
to create mutations of the unkempt gene, including a
complete deletion of this locus. Analysis of these mu-
tations of the unkempt gene indicate that zygotic
expression of the gene is not required during embry-
onic development, presumably due to the contribu-
tion of maternally supplied RNA from this gene.

MATERIALS AND METHODS

Isolation of ¢cDNA clones: The cDNA library of M.
NoLL, constructed of cDNAs derived from 0-4-hr embry-
onic RNA inserted into Agt10 (FRIGERIO et al. 1988) was
screened twice by hybridization with **P-labeled Drosophila
DNA in Bluescript KS™ according to the procedure of
SAMBROOK, FrITsCH and MANIATIS (1989). Two different
probes were used: three clones (SM1, SM4 and SM7) were
isolated using genomic unk DNA (—32 to —37 region from
the K15 phage clone) and 32 clones (NW1-32) were isolated
when probed with the SM1 ¢cDNA, which was isolated in
the first screen. A plasmid cDNA library of N. BRowN,
constructed of cDNAs derived from 4-8-hr embryonic RNA
inserted into pNB40 (BRowN and KaFaTOs 1988), was
screened with the **P-labeled SM1 cDNA restriction frag-
ment recovered from an agarose gel according to the pro-
cedures of SAMBROOK, FRITSCH and MANIATIS (1989); a
single cDNA clone (15C) was isolated in this screen.

Sequence analysis: The cDNA clones and genomic DNA
(2.4-kb XhoI-Xhol and 1.5-kb XhoI-EcoRV fragments [pX7
and pXV1] from the —35 region of the K15 phage clone of
the walk of MOHLER et al., 1991) were recloned into Blue-
script KS™ for sequencing. The ends of the SM4, NW1 and
NW29 clones were sequenced, following rescue of single-
stranded DNA by f1R408 helper phage, using oligonucleo-
tide primers corresponding to the T7 and T3 promoters in
Bluescript KS™ with the Sequenase Kit (USB) according to
procedures of the kit. The ends of the 15C ¢cDNA clone
and the upstream genomic sequence were sequenced from
T3 and Sp6 promoter primers (15C) or a synthetic primer
(5’-GTTCGTTTCATTTG-3’, Operon Technologies) de-
rived from the 5’ end of the 15C sequence (pX?7) using the
double-stranded sequencing procedures of AUSUBEL et al.
(1987).

Sets of nested deletions were prepared in both directions
for SM4, in the 3’ to 5’ direction for NW29, and in the 5’
to 3’ direction for 15C and pXV1 according to the proce-
dure of HENIKOFF (1984) following double digestion of the
plasmids with Kpnl and HindIII (SM4, NW29 and 15C) or
Sacl and EcoRI (pX7). Deletion constructs were sequenced
using the T3 promoter primer (SM4, NW29 and 15C) or
the T7 promoter primer (pXV1) of either rescued single-
strand DNA (SM4 and NW29) or double-strand DNA (15C
and pXV1). The sequence was analyzed using HIBIO
DNASIS and PROSIS software (Hitachi).

Isolation of unkempt alleles: unk alleles were generated
in one of three screens: two involved hybrid-dysgenesis
induced loss of a P(w,ry)A (HAZELRIGG, LEVIS and RUBIN
1984) insertion in unk, the third isolated radiation-induced
mutations that failed to complement an unk mutation for
viability. All stocks in these schemes carried w or »'/’* on
the X chromosome. The first hybrid-dysgenesis screen (Kip-
weLL 1986) is shown in Figure la. unk”**’/TM3 females
were mated to Ly/TM3 P-element bearing males at 25°.
unk’®®'{TM3 F, males were crossed to Ly/TM3 sibling fe-
malesat 18°. 38 w™ flies were recovered from approximately
1500 F, flies screened.

The second dysgenesis screen utilized A2-3 (ROBERTSON
et al. 1988) as shown in Figure 1b. ry A2-3 males were
crossed to ¢ bar-3 unk®?°/TM3 females at 25°. Approxi-
mately 400 F, ¢ bar-3 unk®®®/ry D2-3 males were individ-
ually mated to bar-3 females. Fy ¢ bar-3 unk*©**/pgr-3
males which had lost the w™ marker were mated to ¢ bar-3
unk®®?/TM3 or unk®?*/TM3 females. At most three rever-
sion chromosome were retained from each dysgenic male to
limit multiple recovery of the same event. Of the recovered
275 F, males which had lost the w* marker, 82 failed to
complement for viability with unk®*® in the subsequent
generation and were retained as stocks.

In the +y-irradiation mutagenesis screen (Figure Ic), w
males were irradiated with 4000R from a '*’Cs-radiation
source and mated to ¢ bar-3 unk’®**/TM3 females. Each of
2948 F, */TM3 males was individually mated back to ¢ bar-
3unk™?*/TM3 females. For each F, male, F, */¢* bar-3 unk™®”
flies were scored for viability. The F; */TM3 progeny of the
one male displaying loss of unk function were crossed inter
se to establish a stock (unk“5%),

Southern and Northern analysis: Drosophila DNA was
prepared by homogenization of adult flies in 100 mM Tris,
pH 9, 20 mm EDTA pH 8, 5% Sucrose, 1% SDS. The
homogenate was extracted with equal volumes of phenol
twice, and of CHCI; twice. The DNA was precipitated from
the extracted homogenate with ethanol. Phage and plasmid
DNAs were isolated as described by SAMBROOK, FRITSCH
and MANIATIS (1989). Drosophila RNA was prepared by
homogenization of 0.5 g of Drosophila embryos in a mixture
of 25% phenol, 25% CHCl;, 50% Homogenization Buffer
(0.15 M Na-acetate, 5 mm EDTA, 1% SDS, 50 mm Tris pH
9). The aqueous homogenate was recovered and extracted
once with a 50:50 mixture of phenol and CHCI;, then
extracted twice with CHCIs. Nucleic acid was recovered by
precipitation with ethanol. Poly(A*) and poly(A~) RNA was
prepared by fractionation over oligo(dT) cellulose columns.

For Drosophila DNA, either 1 ug or the equivalent of 1
fly was digested with an appropriate restriction enzyme
overnight in the buffer supplied by the enzyme manufac-
turer. For phage or plasmid clone DNAs, 0.1 ug of DNA
was similarly digested. Digested DNA was electrophoresed
at 25 V overnight in 0.7% agarose gels in TAE buffer and
blotted to Nylon 66 membrane (Micron Separation) as de-
scribed by SAMBROOK, FRITSCH and MANIATIS (1989). For
Drosophila RNA, 5 ug of poly(A*) and 50 ug poly(A™) RNA
was loaded onto formaldehyde denaturing gels and run at
150 V for 2 hr. The northern gel was blotted overnight to
Nylon 66 membrane as described by SAMBROOK, FRITSCH
and MANIATIS (1989). Filters were hybridized to plasmid or
phage cloned DNAs labelled with *P by random priming
(SAMBROOK, FRITSCH and MANNIATIS, 1989)at 70° in 0.3 M
NaCl overnight, and nonhybridized label was removed with
four half-hour washes at 70° in 0.1 M NaCl. Hybridized
filters were autoradiographed for 15 min to 2 weeks de-
pending on the intensity.

In situ hybridization and o-HRP staining of embryos:
In situ hybridization to embryos was performed according
to the procedure of TauTtz and PFEIFLE (1989) using digox-
ygenin labeled probes. The SM1 c¢cDNA clone, used for
unkempt hybridizations, is a slightly smaller cDNA clone
than the SM4 cDNA clone and its sequences are entirely
deleted in Df{3R)r94a and unk™®. Immunological staining
of Drosophila embryos was performed according to the
procedure of BIER ¢t al. (1989) for a-B-galactosidase staining
of embryos, except rabbit a-HRP (Sigma, diluted 1:50) was
used as a primary antibody. Staging of embryos is according
to CAMPOS-ORTEGA and HARTENSTEIN (1985).

Determination of lethal stage: Embryonic viability of
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FIGURE 1.—Schemes used to generate unk mutations. (a) Hybrid dysgenesis eye color reversion of unk™* (b) A2-3 induced eye color

reversion of unk®'*; and (c) y-irradiation mutagenesis.

three unk alleles (unk™*, unk"'* and unk“*?") was deter-
mined by egg hatch rates of progeny of the F, cross of the
unk stock and wild-type flies. Embryonic viability for other
unk mutations was determined by phenotypic analysis of
cuticle preparations of progeny of the unrk mutant stock
balanced with TM3, daeh, screening for phenotypes distinct
from that of homozygous TM3, dach embryos. Postem-
bryonic lethal phases of unk™®, unk“** and unk*’* homo-
zygous embryos and unk™ funk™, unk’** funk®, and
unk™* funk“***" larvae were determined by analysis of de-
velopment of Th* larvae from crosses between unk/TM6B,
Tb stocks.

RESULTS

The unkempt locus was initially identified as a site
of a P(w,ry)A transposon insertion in 94D10-El
(P((w,ry)A®MO20(1C), HAZELRIGG, LEVIS and RUBIN
1984; LEvis, HAZELRIGG and RuUBIN 1985) in a chro-
mosomal region homologous to an abundant embry-
onic RNA identified by reverse northern analysis. The
transposon was found to be inserted approximately

30 kb proximal to the CNC (cap’n’collar) gene at
94E3-4 and 15 kb distal to the hedgehog (hh) locus at
position —36 on the chromosome walk of MOHLER et
al. (1991), and to map to position 3-79.2 on the
genetic map, 0.1 cM distal to the bar-3 allele of kh (3—
79.1) and 0.3 cM proximal to {(1)5G83 (Figure 2).
The chromosome bearing this transposon insertion
was homozygous lethal and the transposon insertion
allele in the unkempt locus has been designated
unkORZO'

Expression of unk RN As and isolation of cDNAs:
Northern analysis of RNAs from the unkempt locus
identified three prominent poly(A*) RNA species ex-
pressed during embryogenesis of approximately 2.5,
4.1 and 6.5 kb in size (Figure 3). The unkempt RNAs
are most abundant during the first 5 hr of embryo-
genesis, when the 2.5 and 4.1 are major RNA species
and the 6.5 kb is a minor RNA species from this locus.
After 5 hr of embryogenesis, the 2.5-kb RNA is



380

J. Mohler et al.

Genomic walk

hh unk CNC
e —~—— —
70 -60 -50 -40 -30 -20 -10 ] +10 +20 +30
79.1 79.2 79.5
| 0.1cM 0.3cM
=l T = ! R
hh unk 1(3)5G83

FIGURE 2.—Map of the 94E region. The top line shows the chromosome walk of MOHLER et al. (1991) with the positions of the genomic
loci of the CNC gene (MOHLER et al. 1991), unk (this study) and kh (J. MOHLER and K. VANI, manuscript submitted). The bottom line shows

the map position of unk, hh and /(3)5G83 on the recombination map.
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FIGURE 3.—Northern Analysis of embryonic RNA. RNAs from
0-5-, 5-12-and 12-20-hr-old embryos were analyzed for unk RNA.
The filter was probed with the SM1 unk cDNA (left). The filter was
reprobed with dJRA and dFRA ¢DNAs (right) as size and loading
controls (dJRA is expressed continuously in embryogenesis and
dFRA is expressed through 18 hr of development, PERKINS et al.
1990).

essentially missing, and the amount of the 4.1-kb RNA
is reduced to about the same level as the 6.5-kb RNA,
which is roughly constant in amount throughout em-
bryogenesis.

Genomic DNA flanking the insertion site of the
P(w,ry)A transposon in unk?®?” was used to screen two
c¢DNA libraries. Thirty-five cDNA clones were iso-
lated from the 0-4 hr ¢cDNA library of M. NoLL
(FIGERIO et al. 1986) and one from the 4-8-hr library
of N. BROWN (BROwN and KAFATOS 1988). The larg-
est three cDNAs from the Noll library (SM4 [2.2 kb],
NWI [2.4 kb] and NW29 [2.4 kb]) and the cDNA
clone from the Brown library (15C [4.2 kb]) were
analyzed further. The sizes of these cDNA clones
correspond roughly to the sizes of the two major
classes of RNA (4.1 and 2.5 kb) and probably reflect

nearly full length ¢cDNA clones. Mapping of these
c¢DNAs onto the genomic region by hybridizaton and
alignment of restriction sites yields the map of the
transcription unit shown in Figure 4.

Sequence analysis of ¢cDNA clones: Sequence
analysis of the four ¢cDNAs shows that the ¢cDNA
clones are colinear. Figure 5 shows the sequence of
the largest cDNA, 15C, preceeded by upstream ge-
nomic sequence, and the alignment of the other three
¢DNAs. Three cDNA clones, NWI1, NW29 and 15C
have 5" ends within 100 bp of each other; the fourth
cDNA, SM4, appears to have a cloning artifact at the
5" end with portions of the more 5’ sequences ap-
pended in reverse orientation upstream to nucleotide
498. Each of the four cDNAs has a unique poly(A™)
addition site: NW1, NW29 and SM4 are terminated
in a 150-bp region approximately 2.5 kb from the 5’
end of the ¢cDNA region, and 15C is terminated
approximately 4.2 kb from the 5" end. Thus, the
structure of these cDNAs implies that the 2.5- and
4.1-kb RNAs from which they are derived encode an
identical protein product and differ primarily in the
length of the 3’ trailer region. This sequence encodes
a predicted 614 amino acid protein starting from a
methionine codon at nucleotide —34 to a stop codon
at nucleotide 1809. A second possible start codon is
located at nucleotide 15 (within the known transcribed
region, as judged from the cloned cDNAs), from
which a predicted 599 amino acid product would be
generated. Regardless of the correct start position,
this predicted protein sequence can be divided into
three structural domains: 1) an N-terminal domain
with five CyssHis repeats, 2) a long C-terminal a-
helical domain, and 3) an intervening region consist-
ing of 22% serine.

The five CyssHis repeats are shown aligned in Fig-
ure 6. The repeats are approximately 40 amino acids
long and contain 11 positions with identical or similar
(D=E,F=Y, T =S, K=R)amino acids present in
at least four of the five repeats. The consensus for
this repeat, YK "/s xxC x4_,:GxCxxGxxCx "/y xHxxx
/b X579, is remarkable for its alignment of cysteine,
histidine and glycine within the repeat. A search of
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FIGURE 4.—Restriction map of the K15 genomic clone containing the unk gene. The transcript map of unk was determined by hybridization
of cDNAs to restriction digests of K15 and the alignment of restriction sites. The positions of first two exons were further aligned by direct
sequence comparison of the cDNAs with the genomic sequence of the pXV1 subclone. The position of the P(w,ry)A insertion was mapped
by analysis of altered restriction fragments determined by southern analysis to genomic DNA. [The original published position of —31
(MOHLER et al. 1991) was incorrectly determined due to confusion over rearranged restriction fragments in a subclone generated during the
original chromosome walk.] Chromosomal DNA deleted in imprecise revertants of unk®*® is indicated by thick lines for each mutant; limits
of breakpoint uncertainty is indicated by thin lines. (Restriction sites: B = BamH]I, G = Bglll, H = Hindlll, P = Pstl, R = EcoR1, § = Sall, V

= EcoRV, X = Xhol.)

the PROT-SWISS database (R15.0) resulted in the
identification of two other proteins containing these
repeats: cMG1 (GOMPERTS, PASCALL and BROWN
1990) and TIS11/Nup475/TTP (VARNUM et al.
1989; DuBoIs e al. 1990; LAr, STUMPO and BLACK-
SHEAR 1990). Both of these proteins are rapidly coin-
duced with c-fos in mammalian fibroblasts by growth
factors, insulin or other mitogens. These proteins both
contain two CyssHis repeats and are highly related in
the region of these repeats (72% identity over a 67
amino acid region, GOMPERTS, PASCALL and BROWN
1990). Each repeat of CMG1 and TIS11 contains all
of the conserved amino acids of the repeat consensus
derived for the unk protein repeats. Although the
function of these repeats is not known, TIS11/
Nup475/TTP has been shown to be a zinc-binding
nuclear protein (DUBOIS et al. 1990), suggesting that
the CyssHis structure may bind with a metal ion in a
manner analogous to zinc-finger structures.
N-terminal to the first CyssHis repeat is a potential
nuclear targeting signal, namely a string of basic
amino acids flanked by helix breakers (GERACE and
BURKE 1988): RRRRPVRKRDG, amino acids (aa)
72-82. However, because similar domains can be
found in a number of non-nuclear proteins (e.g., the
extracellular matrix retention domain of PDGF-B, La
ROCHELLE et al. 1991), the existence of a potential
nuclear targeting signal in the unk protein is not
indicative of a nuclear localization of this protein. C-
terminal to the CyssHis fingers of unkempt is a serine-

rich domain (aa 315-474), consisting of 22% serine
(35 out of 159 aa). Similar serine-rich domains are
also present C-terminal to the CyssHis fingers in
TIS11/Nup475/TTP and ¢cMGI1 proteins (TIS11/
Nup475/TTP: 33 serine out 157 amino acids; cMG1:
31 serine out of 157 amino acids).

Theoretical prediction (CHOU and FasMAN 1978;
Rost 1978) of the secondary structure of unkempt
protein suggests that the C-terminal third (from aa
474-575) consists primarily of a long a-helical do-
main, with a single predicted turn around aa 494.
This a-helical domain is unique to unkempt, and is not
found in the TIS11/Nup475/TTP or cMG1 CyssHis
finger proteins. This helix contains two regions of
strong amphipathicity: aa 474-504 and aa 542-564
(Figure 7, a and b), in which one face of the helix is
hydrophobic and another face contains charged resi-
dues. Such amphipathic helices have been shown to
have a role in formation of protein-protein dimers in
the case of myosin (MCLACHLAN and KARN 1983) and
a variety of transcription factors (MURRE ¢t al., 1989;
O’SHEA et al. 1989; VINSON, SIGLER and MCKNIGHT
1989).

Isolation of unkempt mutations: To determine
whether the lethality of the chromosome bearing the
w' in the unk (unk®??°) was due to the insertion at
94E, we induced loss of the w" activity of the P(w,ry)A
insertion by hybrid dysgenesis. Of the 38 w™ revertants
of unk®®? isolated in the first screen, 33 comple-
mented the lethality of unk®®?’. Southern analysis of



382

-283 acccatacccttggatagcaacgettttgecttecttettcgaaatgtgttece
-229 tttgaaatgtgtgttataatatataggcgttgttataaataaaacacatgcata
-178 acaatttcgcattaattttggcgecaaatttgtttegttgegtcceggectaace
-121 acccatcaactggggtgtgtgtatttgctaaccgatcgatatggacgatgecga

t d

1 mdar
-67 aaaaaattatcggatatcaatcgacttaaggcc atg gat gce cga cge acc gat

vifctslt¢tt A“IK\IETNK

gtt ttt tgc aca tCA CTA ACA ACG ATGN"I‘I’{G GCA GAA ACG AAC AAG CTG CTG

[==> 15C [=->
HY

LSSCgCgEKPN TYLKETF
et TCC 75 cAG <AL GAA AMA CCA AAT CAC TAC ACC TAC CTG ARG GAG TIC OGO

S EBERELLBERCNRRAREE
NWH

VCF FQNQRRRRP K
GTC TGT TTC AAT TGG CAT TTT CAR AAC C. CGT CGG CGT CGT CCA GTG CGA AAA

D N

RDGTF Y A
CGC GAT GGC ACC TTC AAC TAC AGT GCG GAT AAC TAT TGC ACC AAA

CPEGD

G cP LAHRT
ACC ACT GGG ATT TGT CCC GAG GGC GAC GAA TGC CCC TAC TTA CAC CGC ACT GCT

GDTERRYHLRYUYK

GGC GAC ACC GAA AGG CGA TAC CAT CTG CGC TAC TAC AAG ACA TGC ATG TGC GTC

DTDSRGYCVEKNGL

CAC GAC ACC GAC AGC CGA GGA TAC TGC GTC AAG AAT GGA CTA CAC TGC GCC TTC

D RPPVYDIKETL

GCC CAC GGC ATG GAC Cg CGC CCA CCG GTT TAT GAC ATC AAA GAG CTG GAG

chNAESTLDSTNALNA

ACC CTG ﬁs GCA GAG AGC ACA CTG GAC AGC ACT AAT GCT TTG AAT GCC CTG

|=->
188 N EDZPK N

528 GAC AAG GAG CGC AAT TTG ATG AAC GAG GAT CCC AAG TGG Cg GAC ACC AAC TAC

206 VL A

582 GTG CTG GCC AAT TAC AAG ACA GAG CCC TGC AAG CGC CCA €CG CGC CTG TGC CGC

K D

224 R G P 8 N S KRRS
€3¢ cA GGA TAC GCT TGT cA cAE TAC CAC AAT AGC ARG GAC ARA CGT CGC TCG ccc

U
-
we

-n
Ny

~

TAC GAC GAG

-
YO ON K Vs

~
-

> Al
i
@

-~
N
AC ON A N BB KO ON O

H

-
~-

o
b
[

]

222 RKYKYRSTPCPNVEKHGEE

€90 AGA AAA TAC AAG TAC AGG TCC ACT CCT TGC CCC AAT GTC AAG CAC GGC GAG GAA

0o NGEPGNCEAGDNC

744 TGG GGA GAA CCG GGC AAC TGC GAG GCA GGC GAT AAC TGC CQ TAC TGC CAC ACA

x
e ]
]

270 cg 8 F H T K D
798 CGC ACC GAG C. TTC CAC CCG GAG ATC TAC AAG TCG ACC AAG TGC AAC GAT

2s VO Q VFCAFAH
852 GTC GCC GGA TAC TGT CCG CGC AGC GTC TTC TGC GCC TTT GCC CAT GTG

su BEPCSMDDUPRE

906 GAA CCT TGC TCA ATG GAC GAT CCG CGC GAG AAC TCA TTG TCG GCG AGT CTG GCC

a2 N T NIPNT

960 AAT ACT AGC TTA TTA ACA CGT TCC TCG GCG CCA ATT AAC ATT CCT AAT ACG ACT

N

350 I SGSFAVNTI
1014 CTA AGT AAC TCA ATT AAC GAT TTT AAC TCA GGT AGC TTT GCC GTC AAC ATT CCC

368 NLFNV

1068 AGC AGC TCG CTC ACC TAC AGT CCC ACC AAC CAT GCC AAT CTC TTC AAC GTG GAC

v S
0 8
Z 5»

Y
g
8o

386 Y GG S LSAT
1122 6CC TTC AAC TAT GGC GGC TCA AAC AAA cTC AGC AAT TCE CTT TCG GCC ACC

FFPSRIISPGEFEGD

404
1176 AAC GAT AGC AGT CTC TTC TTT CCG TCG CGC ATC ATA TCG CCT GGC TTT GGC GAT

22 GL S I SPSVRISETL

1230 GGC TTG TCG ATT AGT CCT TCG GTA AGG ATA TCC GAA TTG AAT ACC ATA CGC GAC

2z
o

o
H

440 S SV NTLN
1284 GAC AC AAC AGC AGC TCG GTG GGA AAT AGT CTG TTC GAG AAC ACT CTC AAT ACG
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1332 GGT CGC ATC ACC AAT GAG CTG CTC ACG AAG AAT GCT Cg ATT CAC AAG TTG AAC
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4 E R D
6 GGA CGC TTC GAG GAC ATG GCA TGC AAG CTA AAG ATC GCG GAG CTC CAT CGG GAC
: K A 8 g ERY L 8

0 ARG GCC ARG cA® GAG GCG CRE GAG TGG AAG GAG CGC TAT GAC CTA GCA CA% ATA
0
4

Cg TTA AAT TTG CCA GCA GAG CTT CGG GAC TTG TCC ATA Cg AAA TTG AAG Cg

LEEVDKY

548 8
1608 TTG C. TCC AAG CTG CGC ACC GAC TTG GAG GAG GTC GAC AAA GTA TTA TAT TTA

ENAKK N N

566
1662 GAA AAT GCC AAG AAG TGC ATG AAG TGC GAG GAG AAC AAT CGC ACG GTT ACT CTG
584
1716 GAG CCG TGC AAC CAC CTG TCT ATT TGC AAT ACA TGC GCT GAA TCG GTC ACC GAG

602 P C g VPVI THT *

1770 TGT CCC TAC TGT CAG GTG CCG GTA ATA ACC ACC CAC ACC TAG AACATGTTTTAT
1824 CAGCAACAGGACCACAAGTGGCCCTTTGGCTGAAAATCGGATAGGGATGGGAAR
1878 GGGGATTCCGATGGGATATGAATGGATCATGGGGATCAAGACCGCGAACAGCAT
1932 GACAATGTGGTACTCACAAAGCAAACTTTAGTCTTAAGCAAAACGTTAAAACTT
1986 TTGAACAGTTAGGATTTGACACATGCCTACTAATTGTGCATGTGGCAGGGAATA
2040 TATAATTTATGTTTTCAATCTACTCAAAATATGCAAATTATCGTCATGAATATT
2094 AGTAATTACTAGGCACAAACTATTAATTGAATTAGCTAGCTGCTCTAAACGAAT
2148 AAGTATGTAATTTTATTTTTGTTTATTTTTTCTCATATCGAATCGAATACAGGA
2202  AAAAACATTTTAAATTGATTTTGTACTATGATTTATGTAACCAACTCTTTTAAT
2256 TTTGTTTAATATTCAATGTTTAGGCATACATATTTTCTAATCTACTGCACGAAT
2310 TTGCAATGTCTCATTTATTTTTTTTTTAACCACATATGTATCTCTATATTTGTA
2364 TTTAAATATGCTACACTTTCAGTCATATTGTACTTTTCACTAGTATTACATAAG
2418 AAATTATGAGAACTAAQ{C‘I(\@_TITACAAGATGTAATTGAATGAAAGATATATAAAT

2472 ATATAATATATTAATTTN’I“V'ES_T_I?GACACTTTTAGCAATTGAC TATTAACAAATTT

2526 ATAGAAACCAACAAATTTAACAATATATTGTCGCATAGAAGAGCAGAAAACAAC
2580 CACAAAC};A"AZI’}S_I&I?AATACCACCAGTGATTTTATATAAGCCGATTTTCAAACTGTA

2634 TTTTTTATGTATGTGTTTCAAACTTGTGAATGCAAACTACAACTAAAAGCCAAG
2688 ACAATGGTCATAAAATCAATGTAACTGACGGGTAATCAATATTAGTCAGTACTC
2742 AGCTTTTATTTTCCTTTTTCAAATGCACAAAAGTAATTATAGACGTTGAAACGA
2796 GAAGTAACTAAAGGCGACAACGCTTTTCCTTATCGAAAGTTCATTTCATTTTGT
2850 CTTATTGAAAACCAAGTTGAATGTATTAAAACACTTTGATTTTTGTTTAGGCCT
2904 TGGTGCAGCACGTGTAAGCCAATGCCAATTAACCAGTCACAAAATTATCAACTT
2958 ACGTATATAATCTATTAGGTTACTTTGTGATTTGAATAGTGCTTTAAGTACTTA
3012 CTTTGCAGATGACTTCAATTTTCATTTTACTTTCATAGTCTCAACTGGACGCTT
3066 CCAAATTAGTAAAAGCATAAAATGAATCGATAATGTCAAAACGTAGATTTTAAG
3120 ACATATTAAATCCAGCATTTGGCTGATTGTACAAGAACGAATATGAACAGATAT
3174 ATATTTATGGGAAATTTGAACGCAGATTCGATGAGTGTGATGTTGAAAGCATAA
3228 ACAATAAAAGTAACTCGATACAGCGAAATGAACAGAGTTTAATGAAAATGTTAA
3282 CCAGAGTTAATGTAAAACCGTCTTCAAAAACCATTGTATTTTTCTGCGAATTAA
3336 AATTATCAAACGTAATCAATTGGACAATGTTGAATGAAACTGAAACGTGTTGTT
3390 AGCTAGTTGAGTTGAATTGATAAAGATGTAATCAAAATGAAACTGTTCTGGGAA
3444 TGAATTGAATATGAATATGAAATCAACATAGGCATTTATTTGAAACAAAAGCAA
3498 CACTATGAATATATATATACAAATGAAAAACTGAATTATATTATTCAAAGCTAA
3552 CTAGGAAGGGCAGCGCAAGGCTCTTATCTCTGTGTGTGITTGACTATGTTTTGT
3606 AGAAGCCAAATCAGCAAGAAATACAAATAATTAATAAATATAACAATAAACAAT
3660 TGTGTGTTAACTTATAAATGCTTTAATAGTTTACGATACAAGTGTACACAAAAA
3714 AACTAAAAATCACGAGAACAAACAATGAGAAAATTGGTTTTATAATGGAGCTGT
3768 TGAGTCGCAAATCTATTGTGTGTATTACCAAACTAAACTGAAAACTGAATGCAT
3822 ACCTCTCTCAGAATATCACTGACTCTCATCACCGGAGACACAGTTTGAAAGATT
387¢ TGCTAATTTACTTTATGAATCTCCACGAGATGTACATGGGATGTCTATCGAACT
3930 ACGCGTTTTTTCAACCCCATTCCAAAACAAACCAATGCAAAGCAATTTTACAAC
3984 ATGTCAAGAAATCCATTTCACGCCATCTCAACTGTGAAGAATCAAACAGAAACC
4038 AGATCGAAAAGTATATGTACGTTACATACATATATATTTATAGATGACACATGT
4092 ATTTGTATACGCTACTGTAAGAGTGATTTTTATGTGATTTTGAAACTACTTGAA

4146 TATG TGATCCAGAAATATATAAAAAACAAAAAAAGI\I\CI\AAAI\AA{’ASI?:I:A_A_A|

FIGURE 5.—Sequence of unk cDNAs. The sequence of the 15C cDNA is shown in uppercase letters; the 5’ extension of the cDNA in the
genomic DNA is shown in lowercase. The DNA sequence is numbered starting with +1 from the beginning of the 16C cDNA. The ends of
other sequenced cDNAs aligned with the 15C cDNA are indicated below the sequence. The predicted protein sequence is shown above the
DNA sequence, from two possible methionine initiation codons. The protein sequence beginning from the methionine codon within the
cDNA is shown in uppercase, the protein sequence from the preceding methionine codon in the genomic sequence is shown in lowercase.
The protein sequence is numbered starting from the first methionine codon as +1. Amino acids of the CyssHis fingers are indicated by
boldface italics. Predicted regions of a-helix longer than seven amino acids are highlighted in boldface. The DNA sequence has been
submitted to the EMBL/GenBank database (accession number Z11527).

the DNA of several of these complementing rever-
tants showed the complete loss of the P(w,ry)A inser-
tion, confirming that the insertion at the 94E site is
the cause of the lethal phenotype. Four of the non-
complementing alleles, unk®™', unk®?, wnk®” and
unk™’, failed to complement unk®??° for adult viabil-
ity. The fifth noncomplementing allele, unk®'¢, com-
plemented unk®?? for viability, but displayed with
incomplete penetrance a variety of adult cuticular

defects including roughened eyes, splayed wings and

crossed scutellar bristles (the “unkempt” phenotype)
when heterozygous with unk®*®. In contrast, the
unk®™®/unk®'* heterozygotes were not viable, suggest-
ing that the unk®'* revertant may be a stronger allele
of unk than the unk®*?’ insertion. Comparison of the
DNAs of three derivatives, unk®’*, unk®'¢ and unk®’!,
by Southern analysis with wild-type and unk®*** DNA
indicated that these three alleles were due to imprecise
excision of the P(w,ry)A transposon at the 94E locus.
(The two other noncomplementing derivatives, unk®'’
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unk

80 RDGTFNYS ADNYC-~---- TKYD

120 RRYHLRYYKTcMC - - - « - VHD T
(43 amino acids)

203 TNYVLANYKTEPC - -~~~ -~

239 SPRKYKYRSTPCPNVKHGEEUW

283 - -FHPEIYKSTKC---+--- NDV

cMG1

108 GQVNSSRYKTELC ---- - - RPF

146 SLTRHPKYKTELC -~-- - - RTF

TIS11/Nup475/TTP

89 TPTTSSRYXKTELC -~~~ - RTY
127 QANRHPKYXKTELC ----- - HKF
consensus 7

(7-9) . YK sxxC .. . (4-12)

ETTGICP-EGDECPYLHRTAGDTE
DSRGYCVKNGLHCAFAHGM-0DOQR
RPPRLCR-0Q0GYACPQ YHNS-KDKR
GEPGNCE-AGDNCQYCHTR-TEOQOQ
QoAGYCP-RsVFCAFAHVE-PCsSM
EENGACK-YGDKCQFAHGI-HELR
HT FCP-YGPRCHFIHNA-EERR

SESGRCR-YGAKCOFRAHRGL-GELR
YLOGRCP-YGSRCHFIHNP-TEDL
F
GxC xx GxxCx x B x xx

Y D

FIGURE 6.—Alignment of the CyssHis repeats. The five CyssHis repeats are shown aligned and compared with the aligned CyssHis motifs
from the cMG1 (GOMPERTS, PascaLL and BROwN 1990) and the TIS11/Nup475/TTP (numbered as from Lal, STUMPO and BLACKSHEAR

1990). The consensus sequence of the unk repeats is shown below.

and unk®, were lost before they could be completely

analyzed.) The unk®'® revertant appeared to be asso-
ciated with internal deletion of the P(w,ry)A element
(Figure 4). The unk®’ revertant retained both
HindIlII sites associated with the ends of the P(w,ry)A
element and is, therefore, presumed to also be an
internal alteration of the P(w,ry)A transposon. In
contrast, the unk®'* derivative removed flanking ge-
nomic DNA, including an Xhol site, as well as part of
the P(w,ry)A element (Figure 4).

An additional screen for hybrid-dysgenesis induced
P(w,ry)A transposon loss was conducted to screen for
deficiencies extending from unk to either side, possi-
bly including the two flanking loci, Ak and CNC. In
these screens, a total of 82 w™ derivatives of unk®%%
which retained the unk lethality were recovered and
assayed for hh activity and for the presence of an
EcoRI polymorphic site (differing between the
unk®®? and TM3 chromosomes) located at position
—18 between unk and CNC in the chromosome walk
of MOHLER et al. (1991). In general, the nature of the
alterations at the unkempt locus were not determined.
Two w™ derivatives, D{3R)r90b and Df{3R)r94a, failed
to complement kh mutations and possess deficiency
breakpoints at the P(w,ry)A insertion site and within
the Ak locus, at about —51 and —58 (Figure 4; ]J.
MoHLER and K. VANI, manuscript submitted). Two
other derivatives, unk™” and unk™®, were missing
the EcoRI restriction fragment characteristic of the
unk®?linked alleles of the —18 polymorphism.
However, unk™? retains another unk®*?-linked poly-
morphism at position —22 and appears to have an
altered set of EcoRI restriction fragments at the —18
position; this allele appears to contain a complex re-

arrangement of DNA around the unk locus. unk™® is
missing both polymorphic sites at positions —22 and
—18, as well as an additional polymorphic site at —44.
Further analysis of the unk”* chromosome has shown
that this mutation is a deletion from approximately
—47 to —15 (Figure 4). The effects of the proximal
breakpoints of unk™*, D3R)r90b and Df{3R)r94a on
expression of the hedgehog locus are discussed else-
where (J. MOHLER and K. VANI, manuscript submit-
ted).

One additional, radiation-induced allele, un
was independently obtained by failure to complement
unk™” for viability. The independent origin of the
unk®? allele demonstrates that the observed lethality
is the effect of a disruption of the unkempt gene and
not peculiar to derivatives of the unk®*? chromosome.

unkempt embryonic spatial expression patterns:
In situ hybridization of cDNA clones from this region
to embryos revealed ubiquitous expression of this
RNA starting in early preblastoderm stages, when
staining is predominantly localized to the cytoplasmic
islands (Figure 8a). During blastoderm formation, this
staining segregates with the cytoplasm to the periph-
ery of the embryo (Figure 8b). This early preblasto-
derm staining suggests a maternal contribution of this
RNA to the embryo. Upon gastrulation, an increase
in RNA level can be observed in the invaginating
tissues (the ventral and cephalic folds and both the
posterior and anterior mid-gut invaginations) in com-
parison to noninvaginating tissues (Figure 8c). This
increased RNA level is present in mesodermal cells
during the early extended germband-stage embryos
(Figure 8d). During the extended germband stage,
this difference in staining between the mesoderm and

CHS20
L



384 J. Mohler et al.

a) aa474-504

FIGURE 7.—Two regions of amphipathic a-helix. The a-helices
are shown as viewed from the surface, split between amino acids 3
and 6 of the helical repeat. Hydrophobic amino acids are shown in
open face, charged amino acids in bold. (a) Domain aa 474-504,
the stippled line indicates the site of the predicted turn; (b) domain
aa 542-564.

nonmesodermal tissues disappears, and by the end of
germband retraction (early stage 13) RNA levels ap-
pear to be uniform throughout the cellular portions
of the embryo (Figure 8e). Starting in stage 13, RNA
levels gradually become elevated in the neural tissues.
After stage 15, the level of RNA in non-neural tissue
begins to decrease and by early stage 17, unkempt
RNA is principally found only in the tissues of the
central nervous system (Figures 8f). No RNA expres-
sion is detectable after mid-stage 17.

The preblastoderm and blastoderm RNA staining
is present in all embryos from parents heterozygous
for DNA deletions at the unkempt locus (Dfi3R)r94a
and unk”®"), which remove sequences corresponding
to the SM1 ¢cDNA hybridization probe. This suggests
there is a significant source of maternal unkempt RNA
in the embryo. In a quarter of these embryos, those
presumably homozygous for the unk deletions, RNA
levels begin to decrease soon after gastrulation. In
these embryos there is no apparent increase in RNA
staining in invaginating mesodermal cells, although in

some embryos staining decays more slowly in the
mesoderm associated with the two midgut invagina-
tions than in surrounding tissues (Figure 8g). This
RNA appears to have disappeared by stage 15 in all
the deficiency embryos (Figure 8h).

Lethal effects of unk mutations: Lethal alleles of
unkempt were examined for their effects on embryonic
development and larval growth. These studies were
complicated by the TM3 balancer chromosome origi-
nally used to maintain these stocks; this variant TM3
chromosome (which we designated TM3, daeh) had a
recessive embryonic lethality, in which embryos were
blocked in head involution (MOHLER and VASILAKIS
1992).

Embryos homozygous for most alleles of unkempt
(unk()R2()’ unk’”", unk"'", unkr‘isb and unk(.‘HS2l)) survive
embryogenesis to hatch. Those unk mutants that are
also deficient for hedgehog only show the expected
hedgehog-associated phenotypes in homozygous em-
bryos (PERRIMON and MAHOWALD 1987; MOHLER
1988; J. MOHLER and K. VANI, manuscript submitted)
both in cuticle preparations and in stage 12 of embry-
ogenesis. Only homozygotes of unk™” had a distinct
embryonic lethal phenotype (hypertrophy of the ec-
toderm during stage 12), probably due to an addi-
tional mutation on the unk®” chromosome. In addi-
tion, examination of the nervous system of stage 16
and 17 homozygous unk®'* embryos following a-HRP
staining (JAN and JAN 1982) revealed no gross abnor-
malities, consistent with their apparent embryonic
viability. Because this set of embryonic viable unk
alleles includes the unk”*" mutation, which is deficient
for the entire unkempt locus (as described above), there
appears to be no absolute zygotic requirement for
unkempt for embryonic viability.

Larvae trans-heterozygous for any two unk lethal
alleles (or homozygous for unk™*, unk®"*, or unk®**’)
develop into mature, wandering third-instar larva and
usually pupariate. Examination of imaginal structures
in unk mutant larvae revealed no gross morphological
abnormalities; in particular, imaginal discs were of
normal size and structure. Because growth of the
imaginal discs is usually extremely sensitive to lethal
mutations in genes essential for general mitotic func-
tions (GATTI and BAKER 1989), unkempt function is
probably not required for normal cell growth and
division. However, development of homozygous and
trans-heterozygous unk mutant larva is slower than
their heterozygous wild-type sibs. At 25°, homozy-
gous unk™™ (which is completely deficient for unk),
homozygous unk®'* and trans-heterozygous unk*/
unk™? mutant larvae reach the third larval instar
approximately one day later than their heterozygous
sibs, and the first of these unk larvae pupariate three
days after their heterozyous sibs (approximately 8 days
post-egglay). The developmental delay to pupariation
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FIGURE 8.—1In situ hybridization of unk cDNA to embryos. (a-f) Wild-type embryos. (a) Late stage 2 embryo; (b) early stage 5 blastoderm
(cycle 14); (c) early gastrulation (stage 8), ventral view; (d) stage 9 extended germband, lateral view; (e) late stage 13, ventral view; (f) late
stage 16, lateral view. Pharyngeal and posterior spiracle staining disappears before stage 17. (g and h) Homozygous unk™* embryos. (g) Stage

9 lateral view; (h) stage 15, lateral view.

is shorter in the other mutant combinations; trans-
heterozygous unk*?’ /funk’** mutant larvae begin pu-
paration at approximately the same time as their het-
erozygous sibs, and other heteroallelic combinations
of unk alleles show intermediate delays in pupariation.
In addition, most (>95%) developmentally delayed
unk®"* and unk"™"’ Junk’**" mutant larvae possessed one
or more amorphous melanotic tumors at various lo-
cations in the abdomen; however, such melanotic tu-
mors were not observed in larvae mutant for most
other unk alleles.

Homozygous unk™*, homozygous unk®'* and trans-

heterozygous unk™* /unk"'* individuals stop develop-
ment during the mid-pupal phase. Because unk’**" is a
deficiency for this locus, this mid-pupal block repre-
sents the effect of a null mutation in this locus. trans-
Heterozygous individuals for unk™®” or unk“** and
other lethal unk alleles continue development to be-
come mature pharate adults whose cuticle tans within
the pupal case. Like the leaky unk™'® viable allele,
these unk pharate adults possess an “unkempt” phe-
notype (small rough eyes, held-out wings and crossed
scutellar bristles).
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DISCUSSION

Sequence analysis of the unkempt gene of Drosophila
reveals it is a divergent member of the CyssHis class
of zinc-finger proteins. Comparison of the CyssHis
fingers of unk with those of the CyssHis serum re-
sponse proteins suggests a generalized consensus for
the CyssHis finger: (YK Tls xxC x4_12GxCxxGxxCx
/v xHxxx ¥p xv.9). unkempt encodes an abundant
ubiquitous embryonic RNA, which is present in most
embryonic tissues during the initial half of embryo-
genesis and predominantly expressed in the central
nervous system in later stages. There appears to be
no obvious zygotic requirement for unkempt in those
tissues during embryogenesis, embryos deficient for
unkempt survive through hatching, although unkempt
gene function is required post-embryonically for late
larval/early pupal development.

Assuming that the presence of abundant unkempt
RNAs indicates the unkempt gene product acts in some
processes of embryogenesis, our failure to detect a
requirement for the unk gene during embryogenesis
probably reflects in part the maternal contribution of
unkempt RNA levels. Because unkempt RNAs are de-
tected most predominantly at early stages of embryo-
genesis, at high levels prior to blastoderm formation
in both wild-type embryos and those homozygous for
unkempt deficiencies, much of the early embryonic
RNA is of maternal origin. Although much of this
RNA disappears during the extended-germband
stage, replaced by zygotic RNAs first in the invagin-
ating mesoderm and later in the central nervous sys-
tem, the maternal levels of unkempt RNA are likely to
be sufficient for at least early zygotic requirements
for unk activity. Perdurance of the unkempt protein
product may account for the lack of a phenotype
associated with the loss of later embryonic expression.
Alternatively, there may be another gene expressed
zygotically during late embryogenesis that is function-
ally redundant for unk function. Although we could
not detect a similar gene to unkempt by low stringency
hybridization (J. MOHLER and S. MOHAMMADI, unpub-
lished results), it is not clear how similar such a gene
would have to be to provide such a redundant func-
tion.

In considering the nature of the function provided
by unkempt protein, it is tempting to speculate that the
CyssHis fingers may indicate a possible role in tran-
scriptional regulation, based on their limited similarity
to CysgHis, and Cys, zinc-finger proteins (see review
by Evans and HOLLENBERG 1988). DuBoIs and co-
workers (1990) have investigated the TIS11/
Nup475/TTP CyssHis protein for its similarity to
other zinc-finger proteins and have shown that the
TIS11/Nup475/TTP protein is a nuclear antigen and
binds zinc. However, there is no published evidence
that either the TIS11/Nup475/TTP protein or the

closely related cMG1 protein is capable of binding
DNA, so a role of the CyssHis motif in transcription
regulation is purely speculative as yet.

Although the TIS11/Nup475/TTP protein has
been shown to be a nuclear antigen, it is not obvious
that the function of this CyssHis repeat is restricted
only to the nuclear compartment of the cell. Thus, it
is relevant to consider other roles for this motif that
might occur in both the nuclear and cytoplasmic com-
partment. Based on the two obvious structural fea-
tures of the unkempt protein, the CyssHis fingers and
the long a-helical domain, we can hypothesize two
speculative cytoplasmic roles for the unkempt protein
based on each of these features, although numerous
other possibilities abound. One hypothetical cyto-
plasmic role for the unkempt protein might be as an
RNA-binding protein mediated by the CyssHis fin-
gers. The zinc finger motif has been implicated in the
function of three RNA-binding proteins: TFIIIA,
p43, and elF28. TFIIIA is a transcription factor with
nine CysgHiss fingers that is required for the synthesis
of 5SRNA in Xenopus oocytes, and its activity is
blocked by its binding to the 58 product sequestered
in the cytoplasm (HONDA and ROEDER 1980; PELHAM
and BROWN 1980; BROWN, SANDER and ARGOS 1985);
p43 is an accessory product that also binds 5SRNA in
Xenopus oocytes (JAHO et al. 1990). eIF24 is a eucar-
yotic translation initiation factor with a single Cys,
finger that may have a role in binding to either mRNA
or rRNA (PATHAK et al., 1988). The structural anal-
ogies between these fingers and the CyssHis fingers
of unk could equally indicate a possible RNA-binding
function or a role involving DNA binding.

An example of another speculative cytoplasmic
function based instead on the long a-helical domain
of the unkempt protein is that this protein might func-
tion as a modulator of cytoskeletal fiber assembly.
Several cytoskeletal elements [notably myosin (Mc-
LAcHLAN and KARN 1983) and intermediate filaments
(STEINERT 1978)] assemble via a long amphipathic a-
helical domain. The long amphipathic a-helical do-
main of unk could function as a competitive inhibitor
for multimerization of the cytoskeletal fiber, and, in
such a case, the CyssHis domains might function to
provide metal ion-mediated modulation of the pro-
posed association between unk protein and the fiber-
monomer. Such an activity of the unk protein is in
keeping with its expression in tissues with cytoplasmic
myosin activity (gastrulating tissues and differentiat-
ing axonal fibers of the central nervous system;
YOUNG, PESACRETA and KIEHART 1991).

At the moment, there is no reason to presuppose
any defined physiological function for the unkempt
gene. Clearly, we need to know more about the intra-
cellular localization of the unkempt protein, the nature
of the biochemical activities of the protein, and
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whether it can bind other proteins or nucleic acid,
before we can determine a possible role of unkempt in
the morphogenesis of the Drosophila embryos.
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