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The Streptomyces coelicolor whiB gene encodes
a small transcription factor-like protein dispensable
for growth but essential for sporulation
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Summary. A non-sporulating mutant (whiB218) of
Streptomyces coelicolor A3(2), which proved to contain
a deletion of more than 5 kb of DNA including whiB, was
complemented by a small cloned DNA fragment, de-
duced from DNA sequencing* to encode a protein of
only 87 amino acids. This protein would bear some
similarities to transcription factors, including an acidic,
somewhat amphipathic o-helical region predicted near its
N-terminus, and a basic a-helical region predicted at its
C-terminus. A point mutation (whiB70) giving a
phenotype indistinguishable from that of the whiB2I18
deletion mutant would cause a leucine to proline change
at the start of the latter region. The whiB homologue
from the closely related species S. lividans differed at only
one base from its S. coelicolor counterpart, and would
specify an identical polypeptide.
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Introduction

In the differentiating mycelial prokaryote Streptomyces
coelicolor A3(2), nine mutant classes (whid,B,C,D,E,
F,G,H and I) were recognised among a collection of 50
mutants that show defects in the conversion of white
multinucleoidal aseptate aerial hyphae into chains of
mature grey uninucleoidal spores, while retaining ap-
parently normal vegetative growth and antibiotic
production (Hopwood et al. 1970; Chater 1972; Chater
and Merrick 1976). Six of these genes (whid,B,C,G.H
and I) are required for the initial subdivision of aerial
hyphae into spore-sized compartments. Five of the mu-
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tant classes were multiply represented in the collection,
cach class having its own typical aerial hyphal morphol-
ogy: whiG, straight; whiH, loosely coiled; whid, whiB,
tightly coiled; whil, tightly coiled and somewhat frag-
mented (Chater 1972; McVittie 1974). These phenotypes
(except for whil) appear to coincide with simple blocks
at particular morphological stages (Wildermuth and
Hopwood 1970), a view supported by the morphology of
representative double mutants: a whiG mutation was
epistatic to whiH,A,B and I mutations; whiH to whiA,B
and I; and whid and B to whil (Chater 1975).

The availability of cloning systems for S. coelicolor
(Hopwood et al. 1985) makes it possible to isolate DNA
that complements these whi mutants (Méndez and
Chater 1987; Davis and Chater 1990). Analysis of such
cloned DNA has so far indicated that the crucial decision
to switch from continued extension of aerial hyphae to
spore formation is controlled by the level of a specific

-RNA polymerase sigma factor specified by the whiG gene

(Chater et al. 1989); and that grey spore pigment forma-
tion depends on the (presumably developmentally reg-
ulated) expression of a cluster of genes (the whi cluster)
related to those involved in polyketide antibiotic forma-
tion (Davis and Chater 1990; Hopwood and Sherman
1990). The whiG and whiE gene products may thus sim-
plistically be considered to control the first and the last
steps in sporulation in aerial hyphae.

As part of a fuller analysis of the regulatory network
that determines the development of aerial hyphae into
spore chains, we describe here the cloning and sequenc-
ing of whiB from S. coelicolor and from the closely
related strain S. lividans 66, and the characterization of
the only two known whiB mutant alleles, whiB70 and
whiB218 (Chater 1972). In mutants carrying either allele,
the aerial hyphae as viewed by phase contrast micros-
copy (Chater 1972; 1975) consist of a straight stem
surmounted by a long, tightly coiled, non-fragmenting
tip region. Thin sections of a whiB70 mutant confirmed
the absence of the specialised septa involved in normal
sporulation (McVittie 1974). This phenotype, coupled
with the results of the morphological epistasis tests sum-
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marised above, led to the proposal that the whiB gene
product might be directly involved as a structural or
catalytic element in the development of sporulation septa
(Chater 1975). The results described here, on the other
hand, tend to suggest a regulatory role.

Materials and methods

Strains and media. Streptomyces strains used were S.
coelicolor A3(2) and its derivatives C70 (whiB70,; Chater
1972), C218 (whiB218; Chater 1972), J1501 (hisAl,
uraAl, strAl, Pgl™ SCP1~, SCP2~, Chater et al. 1982),
M124 (proAl, argAl, cysDI8, SCP1~, SCP2~; Hop-
wood et al. 1985), M 145 (SCP1~ SCP2~; Hopwood et al.
1985) and J171 (cysDI8 strAl whiB218, SCP1* or
SCPINF SCP27; Chater 1972), as well as S. lividans 66.
J171 derivatives lacking SCP2 (J171.B1, J171.B2) were
identified by colony hybridisation after regeneration of
J171 protoplasts. Minimal medium (MM), protoplast
regeneration medium (R2YE), liquid yeast extract-malt
extract medium (YEME) and supplements were as in
Hopwood et al. (1985). Conditions for selection and
maintenance of plasmids and for morphological studies
were as in Davis and Chater (1990). Escherichia coli TG2
was maintained as in Maniatis et al. (1982) and trans-
formed as in Hanahan (1983).

Plasmids and phages and their manipulation. The Strep-
tomyces low copy-number, transmissible SCP2-based
vector plJ698 (Kieser and Melton 1988) was used to
clone whiB. The Streptomyces Tn4560-delivery plasmid
pUC1169 (Chung 1987) was kindly provided by Dr S.-T.
Chung, The Upjohn Company, Kalamazoo, Mich. The
high copy-number Streptomyces vector plJ486 (Ward et
al. 1986) was used in a subcloning experiment. The E. coli
vectors were pUC19 (Yannisch-Perron et al. 1985) and
M13mpl0 (Messing 1983). Techniques for DNA isola-
tion and manipulation were as in Hopwood et al. (1985)
and Maniatis et al. (1982), except that pIJ698 derivatives
were prepared as described for plJ922 derivatives in
Davis and Chater (1990).

Colony hybridisation. Colonies of strain J171 obtained
after protoplast regeneration were patched on plates of
R2YE, and then Whatman 541 filters were laid on top.
After incubation for 48 h the filters were prepared for
hybridisation essentially as described by Maas (1983) but
with a lysozyme pretreatment step as for nitrocellulose
filters (Hopwood et al. 1985). Incubation of the plates
was continued and the desired patches (in this case, those
failing to hybridise to an SCP2-specific *?P-labelled
probe) were picked.

Isolation of whiB clones. In separate experiments, DNA
isolated from S. coelicolor A3(2) was digested with Bell,
BglIl or Xhol, and ligated to plJ698 cleaved with Bg/Il
(in the case of the X#Aol experiment, the single-stranded
ends of the vector and insert molecules were partially
filled to generate complementary 2 bp ends; Zabarovsky
and Allikmets 1986). The ligation mixtures were used to

transform protoplasts of the whiB mutants J171.B1 or
J171.B2, with selection for thiostrepton resistance (Hop-
wood et al. 1985). Transformed colonies were replicated
onto MM plus mannitol, lacking thiostrepton, to screen
for grey colonies. In the Bc/l experiment, several clones
were obtained, of which two (pIJ2157 and p1J2158) were
used in further studies.

Transposon mutagenesis. Mutagenesis with transposon
Tn4560, which confers viomycin resistance (Chung
1987), was essentially as in Davis and Chater (1990). The
non-transmissible Tn4560 donor plasmid (pUC1169)
was used to transform J1501 carrying plJ2157 or
plJ2158, and M 124 was used as the recipient in mobilisa-
tion of Tn4560 from the pUC1169-containing transfor-
mant colonies during plate matings. Although pUC1169
is not transmissible by itself, plasmid preparations from
pooled M124 exconjugants showed limited co-transfer
(probably in about 1 mating in 50), so the exconjugant
pool was restreaked on suitably supplemented R2YE
lacking viomycin (to allow further loss of the unstable
pUC1169) but containing hygromycin (200 ug/ml) (to
maintain selection for the plJ698 derivatives), before
restreaking individual colonies to medium containing
viomycin. The resulting cultures, now lacking pUC1169,
but containing Tn4560 inserted into plJ2157 or plJ2158,
were replicated to J171.B1 on fully supplemented, anti-
biotic-free R2YE to allow plate mating. J171.B1 excon-
jugants that had received plasmids containing Tn4560
were finally selected by replication of the plate matings
to MM supplemented with mannitol, cystine and viomy-
cin, to allow scoring of the white/grey colony phenoty-
pes. Physical analysis of transposon inserts was done by
Southern blotting of total DNA preparations after diges-
tion with HindlIl plus Poull (and in some cases with
EcoRYV plus Xhol), using the nick-translated entire 5.7 kb
cloned whiB region as probe.

Nucleotide sequence determination and analysis. For the
sequencing of whiB, a 3.5 kb fragment capable of com-
plementing a whiB mutant was isolated from an E. coli
subclone (the fragment also contained a small amount of
pUCI19 vector DNA). It was sequenced by the shotgun
sequencing method of Bankier and Barrell (1983) as in
Davis and Chater (1990). The sequence of both strands
was determined, each base in each strand being se-
quenced on average 3 times. Primary compilation and
analysis of sequence data used the program DBUTIL
(Staden 1980). Open reading frames were determined by
the bias in base composition at first and third codon
positions in high GC DNA using the program FRAME
(Bibb et al. 1984). Protein structure prediction used the
programs PEPPLOT and PLOTSTRUCTURE from the
Sequence Analysis software package (version 7) supplied
by the University of Wisconsin Genetics Computer
Group (Devereux et al. 1984). In order to find proteins
homologous to WhiB, the protein sequence database
OWL6, comprising 19231 proteins, was searched by
PROSRCH, which implements an exhaustive inexact
string-matching algorithm, on an ICL 64 x 64 Distributed
Array Processor, using the 100 PAM similarity table of



Collins and Coulson (1987). (This seach was kindly done
by Dr. A. Lyall) In addition, the program TFASTA
(based on the algorithm of Pearson and Lipmann 1988
and supplied by the University of Wisconsin Genetics
Computer Group) was used to compare the WhiB amino
acid sequence with the NBRF database (release 26) and
with all possible translations of the EMBL database
(release 25).

For the sequencing of the whiB70 allele and of the S.
lividans whiB homologue, the whiB open reading frame
(ORF) was amplified from total DNA preparations using
the polymerase chain reaction (PCR; Sambrook et al.
1989). The oligonucleotides used as primers corre-
sponded to residues 294-310 and 582-598 in the sequence
shown in Fig. 2 and carried non-homologous 5’ tails with
restriction enzyme recognition sites. The amplified frag-
ments were phosphorylated with T4 polynucleotide ki-
nase and ligated with M13 mp10 DNA that had been cut
with Smal and dephosphorylated with calf intestine al-
kaline phosphatase. After transfection, plaques with a
LacZ~ phenotype were used as a source of template for
DNA sequencing.

Results
Cloning and localisation of whiB

Among ca. 10 000 colonies obtained after transformation
of the whiB218 mutant J171.B1 with the Bc/l library, 6
were scored as grey, and 5 of these were clearly sporulat-
ing when examined microscopically. No grey colonies
were obtained with the libraries generated with Bg/II (ca.
9500 colonies) or Xhol (ca. 4000 colonies) even though
each library should have been almost completely repre-
sentative. This was consistent with later information
about the distribution of sites for Bg/Il and Xhol near or
in the whiB gene.
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Plasmids isolated from the five positive clones all
contained the same 5.7 kb insert (Fig. 1). One orientation
was represented in plJ2157, the other in pIJ2158. Since
both orientations gave whiB complementation, and since
the cloning site in the vector pl1J698 is flanked by tran-
scription terminators (Kieser and Melton 1988), the
cloned fragment presumably contained the whiB pro-
moter. Both plasmids were subjected to mutagenesis with
Tn4560, using the Tn4560 mobilisation procedure
previously employed for the analysis of cloned whiE
DNA (Davis and Chater 1990). Of 127 potential trans-
position events studied, nearly 30% gave white colonies
when the relevant plasmids were transferred into the
whiB mutant J171.B1. Many of these also gave very poor
sporulation in the whiB™ strain M 124 for unknown rea-
sons, and were not studied further. Southern blot analy-
sis of 79 total DNA samples from grey and from white
colonies showed only 4 cases where Tn4560 was inserted
in the 5.7 kb insert without accompanying rearrange-
ments (Fig. 1). Of these four, one, with Tn4560 located
near the left end, was from a white colony. The other
three, with Tn4560 further to the right, were from grey
colonies. Thus, whiB was apparently contained within
the leftmost 2.2 kb of the cloned DNA. (In addition to
deletions and other rearrangements associated with
many of the other transposition events, in several cases
there appeared to be integration of the transposon deliv-
ery plasmid into pIJ2157 and plJ2158.)

The ability of smaller subclones of the 5.7 kb cloned
fragment to complement the whiB mutant was also tested
(Fig. 1). The leftmost 3.5 kb (up to Snol site 9) gave
complementation, but the rightmost 4.2 kb (from the
Sphl site 6) did not. The plasmids used in these tests
(based on plJ698) were structurally unstable when in-
troduced into strain J171.B1. This was probably due to
pUC19 sequences present as a result of the particular
subcloning strategies used.

Th2.2 Tn3.55 TnS5.0
(BelDBglIl Xhol BstEIl Pyull Sphl Pwil  Xhol  Snol Pstl (Bell)
Hingn 7l 2 A [ 1§ 8| 9 | I o 1N Hingm
bal 1kb 2kb 3kb Lkb 5 Xbal
(Bgl1l) ) kb {Bgl1l)
r s
whiB truncated ORF ‘

Complements whiB mutant

T OS5 TN AP T AT PV A PNFIOE S N MEATRERY 3 W LT DA A DL BT

Fails to complement whiB mutant

pu |

Fig. 1. Restriction map of the cloned whiB region of Streptomyces
coelicolor A(3)2. The arrows below the map indicate the position
and direction of open reading frames (ORFs) deduced from
sequencing the interval between restriction sites 1 and 9. The whiB
OREF is stippled. The arrows above the map show the positions and
orientations (in relation to the map of Chung 1987) of Tn4560

insertions; the insertion marked by a stippled arrow inactivated
whiB-complementing activity. The bars at the bottom of the figure
indicate subcloned fragments: the ability to complement whiB mu-
tants is shown by stippling. The whole map is shown flanked by
restriction sites present in the vector pIJ698
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BclI . . . . . .
1 TGATCAGGTTCGCTTCGGCGCGTGTATCGGAACGGGATCGATCGCCGGGGCGTCCTTCCT 60

61 GGTGCCGGTGCGAATCGGGACGGGCGTCCCGGCGGACTTCATTGGTATGTCGAGGTTTAT — 120

121 GGCGATTTGAACACTTACTGCATGGGCTTGGTTCCGCAGAGTGAATAAGGGGCCCAATAG 180

BglII . . . . . .
181 CAGATCTCGGCTTGACTCGCCCGGAGCAGCACACTTGTAATTTCACTCGTGTCGTTCAGC 240
. . . . RBS . ______.
241 CGGAATCGGTAACGGCTAGATCACGGGGACGCGAAAGACAGACGAGGGGCGCACATGACC 300

M T

s . Sal1 . . . .
301 GAGCTGGTGCAGCAACTGCTGGTCGACGACGCGGACGAGGAACTCGGCTGGCAGGAGCGC 360
E L V. Q ¢ L L wbD D A D EETL G W Q E R

361 GCACTGTGCGCCCAGACCGACCCCGAGTCCTTCTTCCCCGAGAAGGGCGGCTCCACCCGC 420
A L C A Q T D P E S F P P E K G G $§ T R
‘ A(S.lividans)
. . . . Xhot | .
421 GAGGCCAAGAAGGTCTGCCTGGCCTGTGAGGTCCGCTCCGAATGCCTCGAGTACGCCCTT 480

Fig. 2. Nucleotide sequence of whiB and
flanking DNA. Selected restriction sites
are indicated. Underlined sequences at
nucleotides 192-7 and 216-221 resemble
the —35 and — 10 regions of vegetative
promoters (Hopwood et al. 1986). RBS
indicates a potential ribosome binding
site. The deduced whiB gene product is
given in the single-letter code for amino
acids. Dashed lines indicate the positions
of primers used for amplification by the

E A K KV ¢CL A CEV R S ECVL E Y A L

C(whiB70)

481 GCCAACGACGAGCGCTTCGGCATCTGGGGCGGCCTGTCCGAGAGGGAACGCCGCCGTCTC 540
W G G L 8 E R E R R R L

A N D E R F G I

541 AAGAAGGCCGCGGTCTGAAAGCGCCGCCCCACGCEGCGGCCGAARCGGCCCGARCAGCGA 600

K K A A VvV *

601 GAACGGCCCOTCECGGETEGGTTGTCCACAGECGRCGGGCCCTCTTGCTGCCCAGCCGAT 660
661 AGTGTGGGCGCTCGTCCGAGACGCCCCGCCACCCTCAACGGGCACGGGCGTCCACCGCAG 720

721 TCCACCGAACCGGGGCCCGTACCTCGATGTCCGTGCAGAGTCACCCGGCAGCCCAGCAAé 780
M 8 V. Q S H P A A Q Q

Sequence of whiB

The leftmost 3488 bp of the cloned DNA (up to Snol site
9) was sequenced. The high overall GC content of the
sequence (73.6%, typical for Streptomyces DNA) made
it straightforward to use the FRAME analysis to detect
meaningful open reading frames (Bibb et al. 1984). One
complete and one partial ORF were found, both reading
left to right on the restriction map. The righthand, in-
complete, ORF encodes 914 amino acids up to the Snol
site (data not shown, but deposited in the EMBL data-
base; accession no X62287). The lefthand, complete,
ORF (Fig. 2) contains the position corresponding to the
Tn4560 insertion that inactivated whiB complemen-
tation. This ORF, containing 67.8% GC, was assumed to
represent whiB. A site for Xhol within it provided a suf-
ficient explanation for the failure to clone whiB using this
enzyme. The 294 residues sequenced upstream of the
whiB ORF did not exhibit coding character, and had
a markedly lower GC content (58.8%). This region
contained appropriately spaced hexanucleotide se-
quences resembling “vegetative” consensus promoter
—35 and — 10 regions (Hopwood et al. 1986) between
nucleotides 192 and 221. Cleavage at a Bgl/II site just
upstream of the “-35-like” sequence, at nucleotides
182-187, may conceivably separate the ORF from cis-
acting sequences essential for expression, and thereby

polymerase chain reaction of the homol-
ogous region of the C70 and S. lividans
genomes. The positions of a G or A dif-
ference between the S. coelicolor and

S. lividans sequences, and of a T to C
difference between the wild-type and
whiB70 sequences, are indicated. Inverted
repeat sequences that might be involved
in transcription termination are shown
by horizontal arrows. A further 2708 bp
of sequence was determined downstream
of that shown here. It is deposited,
together with the sequence shown, in the
EMBL Data Library, accession no
X62287

account for failure to clone whiB using BglIl. Alternati-
vely, the finding from Southern blot analysis (not shown)
that whiB is located on a Bg/ll fragment of =20 kb
suggests that the fragment could have been too big for
efficient cloning. Inverted repeats, potentially specifying
transcription terminators, were located downstream of
the whiB ORF (Fig. 2).

The deduced whiB product, WhiB, contains only 87
amino acid residues (overall M, 9878), of which an un-
usually high proportion (35%) are charged. Overall, there
is a net excess of acidic residues. The amino-terminus is
strongly negatively charged, and the carboxy-terminus is
strongly positively charged. Both these regions contain
predicted a-helices (Fig. 3). The central region of the
protein contains four cysteine residues (not arranged as
in zinc finger motifs), three of which are in a third pre-
dicted a-helical region. Even very sensitive database
searches failed to detect other known or deduced proteins
similar to WhiB. The possible properties of WhiB are
further discussed below.

The whiB gene locus comprises a single ORF
dispensable for vegetative and aerial growth, but
necessary for sporulation

Southern blotting experiments, using the 5.7 kb Bcll
fragment as probe, revealed a single hybridising Bcll-
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Fig. 3. Annotated structure predictions for the whiB gene product.
The program used was PLOTSTRUCTURE (Devereux et al. 1984).
The positions of charged residues (+,—) and cysteine residues (C)
are noted. Below, the predicted carboxy-terminal region of the
whiB70 gene product. The positions of a leucine residue (L) and its
proline (P) replacement in whiB70 are also shown. Alpha-helices are
shown with a sine wave (e.g. residues 10-26), beta-sheets with
a sharp saw-tooth wave (e.g. residues 4-8), turns with 180 degree
turns (e.g. residues 72-73) and coils with a dull saw-tooth wave (e.g.
residues 32-36)

C218 M145 C218 M145
Bc_ Be Bec_ Bce
Be X Bc X BcX Be X
- -
-
- =
A B

Fig. 4A, B. The whiB218 allele is a deletion. DNA from C218 or
M145 digested with Bell (Be) or Bell plus Xhol (Be X) was trans-
ferred to a nylon membrane (Hi-Bond, Amersham) and probed
with (A) 3?P{ATP]-labelled whiB-specific probe (a 467 bp Apal
fragment, nucleotides 175-641 in Fig. 2; Random Priming Kit,
Amersham), then stripped of probe as recommended by the man-
ufacturer and re-probed (B) with whiG-specific probe (C. Granozzi,
personal communication) to demonstrate the presence of the ex-
pected DNA in another region of the genome. Hybridization was
at 65° C in 2 x SSC, and the final wash was at 65° C in 0.2 x SSC.
The autoradiograph was provided by J. Soliveri
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generated band of 5.7 kb in DNA of S. coelicolor M145
(wild type) and strain C70 (carrying the whiB70 muta-
tion). The cloned DNA was therefore not overtly rear-
ranged, and whiB70 is not a major deletion or insertion
mutation. Chromosomal DNA from the whiB218 mut-
ant did not hybridise at all with the 5.7 kb whiB-contain-
ing probe, or with a smaller, whiB-specific probe (Fig.
4A), but it hybridised normally with a probe to a dif-
ferent sporulation-specific gene (whiG; Fig. 4B). Thus,
whiB218 is a deletion. This proves that whiB is not needed
for vegetative or aerial growth, though it is essential for
sporulation. To verify that only the putative whiB ORF,
and not further coding sequences downstream of it, was
necessary to restore sporulation to whiB218, plJ2160, a
high copy-number Streptomyces plasmid carrying little
more than the small ORF (Bcll site 1 to BstEII site 4 in
Fig. 1), was constructed using the vector plJ486. Plasmid
plJ2160 restored sporulation to the whiB2I8 mutant.
This observation, coupled with the sequence information
showing that the small ORF is relatively well separated
from neighbouring ORFs, suggests that whiB consists of
a single gene, and that the adjacent, partially sequenced
ORF plays no essential role in normal growth and sporu-
lation. No conspicuous morphological abnormality was
observed when plJ2160 was introduced into the wild type
(in contrast to the hypersporulation induced by multiple
copies of another sporulation regulatory gene, whiG,
Chater et al. 1989).

Sequencing of a whiB mutant allele and of the S.
lividans whiB gene following PCR amplification

Oligonucieotides were designed from the S. coelicolor
whiB sequence to allow PCR-mediated amplification of
a 304 bp segment carrying the whiB ORF from total
DNA samples. In this way, the whiB70 mutant allele was
amplified. It was then inserted into M13 mpl0 and five
separate clones were sequenced, revealing a single base-
change (a TA to CG transition at residue 515) in all five,
which would cause a Leu to Pro change at position 74
of the deduced gene product (Figs. 2, 3). (One of the
clones contained an additional base change presumed to
have occurred during PCR amplification.) Since a
whiB70 mutant is phenotypically the same as a whiB218
deletion mutant, the change in the product of the whiB70
allele evidently causes a dramatic loss of function.

In view of the generally high (ca. 98%) similarity of S.
lividans DNA to that of S. coelicolor (Bird and Chater
1987; Bolotin and Bird 1989; Malpartida and Hopwood
1986; Henderson et al. 1989; Westpheling and Brawner
1989), it appeared likely that the primers used to amplify
the S. coelicolor whiB70 allele would also allow amplifica-
tion of the S. lividans whiB homologue. This proved to
be the case, and led to the cloning and sequencing of whiB
from S. lividans. Within the amplified and cloned seg-
ment, only a single base difference from the S. coelicolor
whiB sequence was discerned (residue 471; Fig. 2). This
difference did not cause a change in the deduced gene
product, but it did cause a Xhol restriction fragment
length polymorphism between S. lividans and S. coeli-
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color, since the difference falls within a sequence recog-
nised in S. coelicolor DNA by Xhol. This polymorphism
had already been observed in Southern blots of total S.
lividans DNA. Just as for the whiB70 clones, one in five
of the S. lividans clones sequenced after PCR amplifica-
tion and cloning contained a single base difference from
the others, which was attributed to an error during
amplification.

Discussion

This analysis has revealed that whiB consists of a single
small gene, preceded by at least 130 bp (and probably
more than 293 bp) of apparently non-coding DNA. The
next gene downstream of whiB is large and dispensable
for growth and differentiation, at least under normal
laboratory conditions, and is separated from it by 189 bp
of non-coding DNA. The whiB gene itself can be com-
pletely deleted without causing any obvious deficiencies
in vegetative growth, aerial mycelium formation, or
production of several antibiotics; but it is essential for an
early stage in sporulation at aerial hyphal tips.

The phenotype of whiB mutants, and the results of
epistasis studies, led Chater (1975) to propose that whiB
was involved in sporulation septum formation or its
regulation. The high proportion of charged and polar
residues in WhiB does not suggest a close association
with membranes, tending to rule out a structural role in
the septum, and suggesting that it is a cytoplasmic pro-
tein. Although comparison to other gene products of
known or unknown function revealed no obvious homol-
ogies, some features of WhiB are reminiscent of certain
prokaryotic and eukaryotic transcription factors. The
PLOTSTRUCTURE program predicts that WhiB con-
tains three a-helical regions: a highly acidic region near
the N-terminus, a cysteine-containing central region, and
a highly basic region near the C-terminus. Acidic regions
in transcriptional activators are often involved in pro-
tein: protein contacts with the transcription apparatus.
Examples include repressors of lambdoid phages
(Ptashne 1986), and eukaryotic proteins GCN4 (Hope
and Struhl 1986), GAL4 (Ma and Ptashne 1987) and
HAPI (Pfeifer et al. 1989). Often, these acidic regions are
a-helical (Giniger and Ptashne 1987). The presence of
suitably spaced hydrophobic residues in a-helices may
allow interactions within or between proteins, and these
may be especially important in some cases for allowing
strong DNA-binding, as in the coiled coil type of leucine
zipper involved in Fos-Jun interaction (O’Shea et al.
1989) and the “Myc-like leucine repeats” in which hydro-

a-helix? coil? turn?

o—helix?

phobic (preferably leucine) residues occur at 7 amino
acid intervals instead of intervals of 3—4 as in the Fos—Jun
paradigm (Hu et al. 1990; Liischer and Eisenman 1990).
The acidic a-helix of WhiB has a somewhat Myc-like
character.

The C-terminal 14 residue basic a-helix predicted for
WhiB follows a glycine pair that would permit free turn-
ing. In the waiB70 mutation, WhiB function is lost as a
result of a Leu to Pro change next to this glycine pair:
a proline residue might well alter the relationship of the
putative C-terminal a-helix to features upstream of this
hinge point (Fig. 3). Such a C-terminal basic helix might
possibly be involved in sequence-specific DNA binding.
Although it lacks important features of the classical
helix-turn-helix motif widespread among prokaryotic
DNA-binding proteins (Harrison and Aggarwal 1990),
it nevertheless somewhat resembles the similarly located
sequence-specific DNA-binding domain of Fis, a small
E. coli protein containing many charged residues (John-
son et al. 1988) and capable of transcriptional activation
(Nilsson et al. 1990; Ross et al. 1990): X-ray crys-
tallography of Fis-DNA complexes has shown that the
basic region aligned with WhiB in Fig. 5 is involved in
contacts with DNA (Kostrewa et al. 1991). It is also
interesting to note that the potentially a-helical region
2.4 of sigma factors, believed to contact the — 10 region
of promoters, is not part of a classical helix-turn-helix
motif, and ends in a region that is often rich in basic
residues even though sigma factors are acidic proteins
overall (Helmann and Chamberlin 1988). In the more
classical helix-turn-helix motif located at the C-terminal
region 4.2 of sigma factors, the recognition helix that
appears to contact the — 35 region of promoters is also
followed by a highly basic region (Helmann and Cham-
berlin 1988). Several kinds of transcriptional activators
of eukaryotes appear to interact with specific DNA
sequences through a-helices with basic C-terminal re-
gions. Examples include Fos-Jun (Nakabeppu and Na-
thans 1989) and homeobox proteins (Hanes and Brent
1991).

The central region (residues 25-65) of the predicted
WhiB molecule (Fig. 3) is marked by two prolines (resi-
dues 30 and 35) and a glycine pair (residues 43 and 44),
potentially allowing major turns in the structure, and four
cysteines (residues 25, 48, 51 and 57). There is no obvious
similarity to typical zinc finger motifs of some eukaryotic
transcriptional activators (Cys-X-X-Cys....Cys-X-X-Cys;
Berg 1988), but the cysteine residues might be involved
in metal ion coordination in some different configura-
tion, perhaps leading either to intramolecular interac-
tions as in the oestrogen receptor (Schwabe et al. 1990)

WhiB NHn—(64aa)— NDERFGIWGGLSERERRRLEKEKRAMAV X

. s s 3

Fis NHZ—(74aa)— QTRAALMMGINRGTLREIKEKLEKRKYGMN *

a-helix

Fig. 5. Possible similarity between the C-terminal regions of the
deduced whiB gene product and the Fis protein, a transcriptional
activator from Escherichia coli. The Fis sequence is from Johnson

turn recognition helix

et al. (1988) and the structural information about Fis is from
Kostrewa et al. (1991). Question marks indicate computer-predicted
structures (see Fig. 3)



or to intersubunit interactions as in the Tat protein of
HIV (Frankel et al. 1988). The cysteines 48, 51 and 57 are
in a region predicted to be a-helical, and would all be on
the same face of the a-helix.

Taken together these considerations encourage the
working hypothesis that WhiB may be directly involved
both in DNA binding and in interactions with other
proteins, most probably leading to transcriptional ac-
tivation. Recent experiments by P. Brian (personal com-
munication) have shown that promoters of the spore
pigment gene cluster whiE are not transcribed in a whiB
mutant, strengthening the view that WhiB may play a
regulatory role. Perhaps this role is similar to that of the
similarly sized (93 amino acids) “switch protein” encoded
by the spollID gene in Bacillus subtilis. This protein
contains potential amphipathic helices which could be
involved in its interactions with RNA polymerase and
DNA: interactions which direct some aspects of mother
cell gene expression during sporulation (Kroos et al.
1989; Kunkel et al. 1989). Another small, highly charged,
regulatory protein with multiple attributes of transcrip-
tional activators has also been described in B. subtilis:
this is the Sin protein, which is involved in both positive
and negative regulation of various stationary phase
phenotypes (Gaur et al. 1991). The paradigm for positive
and negative control by small proteins, the 66 amino
acids Cro protein of phage A, is less highly charged
(Ptashne 1986).
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