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The 565 amino-acid PRIB protein with a Zn(II)2Cys6 zinc-cluster DNA-binding motif is the
expression product of the priB gene, which is most actively transcribed in an early stage
of fruiting-body formation by the basidiomycete, Lentinus edodes. PRIB produced in
Escherichia coli using the bacteriophage T7 expression system was purified by ion-ex-
change chromatographies and then subjected to random binding-site selection analysis
using a pool of random 24-bp oligonucleotides with 13-bp PCR primer sites at each end. The
oligonucleotides (50 bp) selected for PRIB binding were cloned into pUC19. A total of 303
cloned DNA fragments were picked randomly and sequenced. The PRIB binding sites could
be grouped into 25 individual sequences, suggesting a consensus sequence of 16 bp, 5'
GGGGGGGACAGGANCC 3'. Gel mobility-shift assaying of 10 randomly selected sequences
all revealed a reasonable band shift. DNase I footprinting analysis of the 50-bp DNA
fragment containing the sequence most similar to the consensus sequence showed that PRIB
protects the entire 16-bp sequence from digestion by DNase I.

Key words: basidiomycete, binding-site selection, DNase I footprinting, gel mobility-shift,
zinc-cluster.

DNA-binding zinc proteins so far reported are classified
into several groups, such as the zinc finger, zinc twist, zinc
cluster, and ring finger ones (1, 2). Zinc cluster DNA-bind-
ing domain Zn(II)2Cys6, in which two zinc atoms are bound
to six cysteine residues, has been found in Saccharomyces
cerevisiae GAL4 (3), Neurospora crassa QA1F (4), and
other yeast and fungal transcription factors (2). During the
course of studies on the molecular mechanism of fruiting-
body formation by the basidiomycete, Lentinus edodes, we
isolated a novel cDNA, priBc, encoding a 565 amino-acid
DNA-binding protein (Mr 64,055) with a Zn(II)2Cys6
domain (aa residues 20-50) from a primordial cDNA
library of the fungus (5). Just after the zinc cluster, there
is a possible leucine zipper domain (aa residues 65-79; 6)
with a preceding short basic aa sequence (aa residues 54-
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60) like in other Zn(E)2Cys6 transcription factors. The
priB transcript was abundant in primordia and small
immature fruiting bodies. Mature fruiting bodies contained
a lower level of the transcript, while vegetatively growing
cells and preprimordial mycelia contained a negligible
amount of the transcript, suggesting that the priB gene may
play a role in the formation of fruiting bodies. To verify the
DNA-binding activity of PRIB and to determine the target
sequences of the protein, we performed random binding-
site selection assaying (7). In this paper, we report that
PRIB binds to unique 16-bp sequence which is different
from those in the case of GAL4, QA1F, and other yeast and
fungal transcription factors.

The PRIB protein was produced in Escherichia coli using
expression vector pET-3a (8) as a fusion protein (Afr
65,492) linked to the first eleven aa of the T7 gene-10
protein sequence (slO aa sequence) plus four aa specified by
the linker sequence (5). The apparent size of 83 kDa found
on SDS-PAGE was significantly larger than that inferred
from the nt sequence. This migration anomaly may be
possibly related to the highly basic isoelectric point
(predicted pi of 8.5) of PRIB (9). The T7sl0-PRIB fusion
protein was purified by ion-exchange column chromatogra-
phies on phospho-cellulose and Resource-Q (Pharmacia) to
the level of a single band on SDS-PAGE (see Fig. 1).

The random binding-site selection method (7) was used
for the isolation of DNA sequences specifically recognized
by the PRIB protein (Fig. 2). The oligonucleotide used
comprised a random 24 base sequence flanked by two 13-nt
PCR primers containing BamHI and EcoRI restriction sites
to facilitate the cloning of binding sequences after selection

1088 J. Biochem.

 at Peking U
niversity on O

ctober 2, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


DNA-Binding Sequences of the Basidiomycete PRLB Protein 1089

(20). The design of this oligonucleotide was based on the
observation that the binding sites of the Zn(EI)2Cys6
motif-containing yeast and fungal transcription factors are
8-23 bp in length (see Table I). Double-stranded random-

ized oligonucleotides were prepared by PCR and then
incubated with the purified PRIB protein. The DNA-PRIB
complex was immunoprecipitated by the addition of anti-
PRIB antiserum and then protein-A (immunoprecipitin,

kDa

200-

9 7 " " r ^ ~ * ^ ~ " -T7S10-PRIB
68

43

29

Fig. 1. SDS-PAGE revealing the purity of the PRIB protein. A
crude protein extract (20 Mg) of E. coli producing the T7slO-PRIB
fusion protein (lane 1), 1 //g of the purified T7slO-PRIB protein (lane
2), and molecular size marker (lane M) were resolved by 0.1% SDS-
10% PAGE and subsequently stained with Coomassie Brilliant Blue.
E. coli strain BL21 containing the recombinant plasmid, pET-3a-priB
(5), was cultured in NZCYM medium at 37*C for 2 h, and then the
culture was induced with 0.2 mM i8opropyl-/?-D-thiogalactopyrano-
side (IPTG) at 25'C for 2 h according to the procedure of Sambrook et
aL (12). The cells were harvested by centrifugation, and then
resuspended in phosphate-buffered saline (130 mM NaCl, 10 mM
Na.HPO,, 10 mM NaHjPO,, pH 7.2) and disrupted by sonication.
After centrifugation, a half aliquot of the aqueous phase was saved as
the crude protein extract. The other half aliquot was subjected to ion-
exchange column chromatographies on phospho-cellulose and Re-
source-Q (Pharmacia), which resulted in a homogeneous T7slO-PRIB
protein.

5' Primer A
GTGGATCCTGTGC £CCRI
GTKGATCarGTGC—N.. GAGCCEAATT3rr

BamHI CTCGCCTTAAGCA
3' Primer B

I Synthesis of double-strand DNA
with Primers A and B

G7 3GATCC rGTGC—NM GAGCG 3AATTC
CJCCTAGCftCACG—N» CTCGCKTTAAG

5 cycles

Double-stranded
DNA pool

PRIB

antl-PRIB antiserum

protein-A

Immunopredpitate ol
the PRIB-DNA complex

Heat denaturation and
PCR with Primers A and B

Amplified DNA
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Fig. 2. A schematic diagram of the binding site selection
assay.

TABLE I. Alignment of recognition sequences of PRIB and
other yeast and fungal transcription factors containing the
Zn(n)2Cys6 zinc-cluster DNA-binding motif.

Protein , ^ \ Binding sequence
(bp)

Reference

U PRIB 16 GGGGGGGACAGGANCC This

An AFLR
An ALCR
AnNIRA
AnUaY
NcQA1F
Sc GAL4
Sc HAP1

10
5
8

14
16
17
23

Sc LEU3 12
Sc MAL63 15
Sc PPR1 17
X7LAC9

TTAGGCCTAA
CCGCA
CTCCGA/C/TGG
TCGGN.CCGA
GGA/GTAAA/GC/TA/GC/TTTATCC
CGGAG/CGACA/TCAGG/CAGGC
CCCTCGCTATTATCGCTATTAGC
TGGCCGGGGTTTACGGACGATGA
CGGCCAAGGCCG
C/AGCN.C/AGC/G
TTCGGNA/GNNTC/TNCCGAA
Identical to that of GAL4

paper
(13)
(14)
(15)
(16)
(4)

(17)
(18)

(19)
(20)
(21)
(22)

Cl
C3
C5
C12
C18
C33
C39
C53
C74
C87
C92
C93
Dll
D12
D14
D28
D2 9
D32
D37
D43
D44
D45
D52
D53
D71

tcrJtcgGGGOACATTACAqATTCAACGACAgagcg
SCGGTGTTGgagcg

dCCGCGTGCCgagcg
^CCTGCTGgagcg

tgtcgGGG(3COGAGTACATQACTSATGTGgagcg
[GGTGCTGGgagcg
:GTTGGGCTTGgagcg
:CGCTTCATGgagcg
:GGTGCTGGgagcg
:CTGGGTGTGgagcg

tgtcgGbQGGCCGGCACCAAAC ACTGCTGgagcg

tgtc JGGGGGGGGCGGAGA'I
tgtcjGGGGGQACAGGAATC

tgtcgG WGGGGTCCACGAACA

tgtcg3GGGGCCACACAATC1
tgt :gGGGGGACAGGGGCC

tgtc JGGCACCACAGAATCC
tgtcg 5GGCCCGACACGAACC
tgtc lOGGGGGGCAGOACTC

tgtcg WGGGGGACACGAGGC

t g t

tgt
tgt

tg t cgGG 3QGGGAGTGAAOATAC GTGTGTgagcg
t jtcgCGOGCACGATGt ATCACGTGTGTGgagcg

Jt cgCOCACAGQATTC
t g t c g SaSCSCQAAASQATCI

tgtcgGGC WSCCGOGACAGOGGCC GGGGTgagcg
t g t c JSGGGGCGCAGGGTCC AGGGTGTGGgagcg
t g t c JCGOGGCGCAGGATCC TCTTCCGTCgagcg

:g13OGGOACAGQGGC^ TTCCGTCGGGgagcg
tgtcgpGOOCCCGCAGGGTCqGGTTGTGGgagcg

STGGTGTTGgagcg
GAATGCCGTCgagcg

t g t c JGGGGGQGCAGOAGAC
:5GGGGOACAG<JAGCC
:9OaeOOACAGGGTG< ATACTGGTGGgagcg

t g t c g 3OGCGCGACGGGGACC TGCTGGTGgagcg

CTGGGGTCgagcg

GCCTTCCCCTGAgagcg
TCACCTGgagcg

Fig. 3. Selected binding sites for PRIB. The sequences of 25
individual PRIB-binding sites derived through five rounds of selection
(see Fig. 2) are shown and aligned as to similar 16-base sequences.
PCR primer sequences are shown in lowercase letters and they
contribute as binding sites in several cases. The consensus sequence,
5' GGGGGGGACAGGANCC 3', was determined based on the align-
ment of the 25 individual 16-base sequences so as to optimize
matches. The highlighted bases in the 25 individual 16-base se-
quences are those identical to ones in the consensus sequence. The
numerals on the right of the bases in the consensus sequence indicate
how many bases out of 25 in the cloned binding sites are identical in
the consensus sequence. The amplified DNA fragments derived
through five rounds of selection were digested with both BamHI and
£coRI, and then cloned into pUC19, followed by transformation of E.
coli DH5<r. A total of 303 clones were picked randomly and the DNA
inserts were sequenced. These sequences could be grouped into 25
individual sequences; all the fragments were isolated more than ten
times.
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Fig. 4. Gel mobility-shift analysis of 10 randomly selected
PRIB-binding fragments. Lanes 1-10, without PRIB; l'-10' with
PRIB. DNA fragments containing BamHl and .EcoRI cohesive ends
were end-labeled with [ff-"P]dCTP and Klenow fragment (TOYO-
BO). About 1 ng of each of the "P-labeled DNA fragments was
incubated with approx. 10 ng of PRIB in 50 //I of the binding buffer
[25 mM HEPES-KOH (pH 7.9), 50 mM KC1, 5 mM MgCl2, 0.1 mM
ZnCl,, lmM EDTA (pH8.0), 300mg/ml BSA, 100//g/ml salmon
sperm DNA] at room temperature for 15 min. The reaction mixtures
were electrophoresed in 8% polyacrylamide gels using 0.5XTBE
buffer. The gels were dried and then autoradiographed.
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Fig. 5. DNase I footprints of the PRIB protein on cloned
fragment D29. S3P-end-labeled fragment D29 (approx. 1 ng) was
incubated without PRIB (lane 1), or with 25 ng (lane 2) or 100 ng (lane
3) of PRIB under the conditions given in the legend to Fig. 3. To the
reaction mixtures (50^1 each), DNase I, CaCU, and MgCl, were
added to give final cone, of 1 ^g/ml, 5 mM, and 5 mM, respectively,
followed by further incubation on ice for 1 min. The DNase I reaction
was stopped by the addition of 2 volumes of a buffer consisting of 100
mM Tris-Cl (pH8.0), 100 mM NaCl, 10 mM EDTA (pH8.0), 1%
sodium lauroyl sarcosine, and 25 mg/ml sonicated salmon sperm
DNA. The solutions were extracted with phenol/chloroform/isoamyl
alcohol (25 : 24 : 1) and then precipitated with ethanol. The pellets
were dissolved in loading dye [10 mM EDTA (pH 8.0), 0.25 mg/ml
bromo-phenol-blue, 0.25 mg/ml xylene cyanol in formamide] and
then loaded onto 8% denaturing polyacrylamide gels. After electro-
phoresis, the gels were dried and then autoradiographed.

GIBCO), followed by centrifugion. The precipitate was
washed with Tris-buffered saline [25 mM Tris-HCl (pH
7.4), 137 mM NaCl, 5 mM KC1, 0.6 mM Na2HPO<] three
times and then suspended in TE buffer (10 mM Tris-HCl, 1
mM EDTA, pH8.0). This solution was boiled to release
DNA from the complex. The DNA fragments recovered

were amplified by PCR and then a half aliquot was subject-
ed to another round of the selection procedure. After five
enrichment cycles, the selected amplified DNA fragments
were cloned into pUCl9. A total of 303 cloned DNA
fragments were subjected to sequence analysis.

The sequences of the 303 cloned DNA fragments could be
grouped into 25 individual sequences, as shown in Fig. 3.
The consensus sequence derived from these sequences
comprised 16 bp, i.e. 5' GGGGGGGACAGGANCC 3',
which is different from those of An AFLR, An ALCR, An
NIRA, An UaY, Nc QA1F, Sc GAL4, Sc HAP1, Sc LEU3,
Sc MAL63, Sc PPR1, and Kl LAC9 (see Table I). Among
these binding sequences, the sequence of Nc QA1F seems
to be slightly similar to that of he PRIB.

To check that each of the selected sites was indeed a
PRIB-binding site, 10 randomly selected individual sites
were examined for complex formation in the presence of
carrier DNA by means of a gel mobility-shift assay. The
results shown in Fig. 4 indicate that PRIB binds to all the
randomly selected fragments. To verify that PRIB actually
recognizes and binds to the 16-bp sequence, we carried out
DNase I footprinting analysis {11) of fragment D29, which
contains the 16-bp sequence most similar to the consensus
sequence. As shown in Fig. 5, PRIB protected the entire
16-bp sequence from digestion by DNase I.

In this study, we determined that the DNA-binding
sequences of the Zn(II)2Cys6 zinc-cluster-containing PRIB
protein (565 aa), which may play a role during fruiting -
body development in the basidiomycetous mushroom, L.
edodes, by the random binding-site selection method, the
consensus sequence for the binding of PRIB being consid-
ered to comprise 16 bp, 5' GGGGGGGACAGGANCC 3',
which is different from those of other yeast and fungal
transcription factors.

We are indebted to Mr. N. Yamamoto and Dr. T. Takano of Calpis
Food Industry Co., Ltd., Japan, for preparation of the anti-PRIB
antiserum.

REFERENCES

1. Vallee, B.L., Coleman, J.E., and Auld, D.S. (1991) Zinc fingers,
zinc clusters, and zinc twists in DNA-binding protein domains.
Proc. Natl Acad. Sci. USA 88, 999-1003

2. Freemont, P.S., Hanson, I.S., and Thowsdale, J. (1991) A novel
cysteine-rich sequence motif. Cell 64, 483-484

3. Marmorstein, R., Carey, M., Ptashne, M., and Harrison, S.C.
(1992) DNA recognition by GAL4: structure of a protein-DNA
complex. Nature 366, 408-414

4. Baum, J.A., Geever, R., and Giles, N.H. (1987) Expression of
qa-1 f activator protein: identification of upstream binding sites in
the qa gene cluster and localization of the DNA-binding domain.
Mol. Cell. BioL 7, 1256-1266

5. Endo, H., Kajiwara, S., Tsunoka, O., and Shishido, K. (1994) A
novel cDNA, priBc, encoding a protein with a Zn(II)2Cys6 zinc
cluster DNA-binding motif, derived from the basidiomycete
Lentinus edodes. Gene 139, 117-121

6. Landschultz, W.H., Johnson, P.F., and McKnight, S.L. (1988)
The leucine zipper: a hypothetical structure common to a new
class of DNA binding proteins. Science 240, 1759-1764

7. Pollock, R. and Treisman, R. (1990) A sensitive method for the
determination of protein-DNA binding specificities. Nucleic
Acids Res. 18, 6197-6204

8. Rosenberg, A.H., Lade, B.L., Chui, D., Lin, S., Dunn, J.J., and
Studier, F.W. (1987) Vectors for selective expression of cloned
DNAs by T7 RNA polymerase. Gene 66, 125-135

9. Weber, K., Pringle, J.R., andOsbom, M. (1972) Measurement of

J. Biochem.

 at Peking U
niversity on O

ctober 2, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


DNA-Binding Sequences of the Basidiomycete PRIB Protein 1091

molecular weight by electrophoreais on SDS-acrylamide gel.
Methods Enzymol. 26, 3-27

10. Baranowskij, N., Frohberg, C, Prat, S., and Wilhnitzer, L.
(1994) A novel DNA binding protein with homology to Myb
oncoproteins containing only one repeat can function as a tran-
scriptional activator. EMBO J. 13, 6383-5392

11. Galas, D.J. and Schmiti, A. (1978) DNAase footprinting: a
simple method for the detection of protein-DNA binding speci-
ficity. Nucleic Acids Res. 5, 3157-3170

12. Sambrook, J., Fritsch, E.F., and Maniatds, T. (1989) Molecular
Cloning. A Laboratory Manual, 2nd ed., Cold Spring Harbor
Press, Cold Spring Harbor, NY

13. Chang, P.K., Khrlich, K.C., Yu, J., Bhatnagar, D., and Cleveland,
T.E. (1995) Increased expression of Aspergillus parasiticus aflR,
encoding a sequence-specific DNA-binding protein, relieves
nitrate inhibition of aflatoxin biosynthesis. Appl. Environ.
Microbiol. 61, 2372-2377

14. Kulmburg, P., Sequeval, D., Lenouvel, F., Mathieu, M., and
Felenbok, B. (1992) Identification of the promoter region in-
volved in the autoregulation of the transcriptional activator
ALCR in AspergiUus nidulans. Mol. Cell. BioL 12, 1932-1939

15. Punt, P.J., Strauss, J., Smit, R., Kinghom, J.R., van den Hondel,
C.A., and Scazzocchio, C. (1995) The intergenic region between
the divergently transcribed niiA and niaD genes of Aspergillus
nidulans contains multiple NirA binding sites which act bidi-
rectionally. MoL Cell. BioL 15, 5688-5699

16. Suarez, T., de Queiroz, M.V., Oestreicher, N., and Scazxocchio,
C. (1995) The sequence and binding specificity of UaY, the
specific regulator of the purine utilization pathway in AspergiUus
nidulans, suggest an evolutionary relationship with the PPR1
protein of Saccharomyces cerevisiae. EMBO J. 14, 1453-1467

17. Ginger, E., Varnum, S.M., and Ptashne, M. (1985) Specific DNA
binding of GAL4, a positive regulatory protein of yeast. Cell 40,
767-774

18. Pfeifer, K., Prezant, T., and Guarente, L. (1987) Yeast HAP1
activator binds to two upstream activation sites of different
sequence. Cell 49, 19-27

19. Friden, P. and Schimmel, P. (1987) LEU3 of Saccharomyces
cerevisiae encodes a factor for control of RNA levels of a group of
leucine-specific genes. MoL Cell BioL 7, 2708-2717

20. Sirenko, O.I., Ni, B., and Needleman, R.B. (1995) Purification
and binding properties of the Mal63p activator of Saccharomyces
cerevisiae. Curr. Genet. 27, 609-516

21. Roy, A., Extinger, F., and Losson, R. (1990) Cw- and fraras-acting
regulatory elements of the yeast URA3 promoter. Mol. Cell. BioL
10, 5257-5270

22. Breunig, K.D. and Kuger, P. (1987) Functional homology be-
tween the yeast regulatory proteins GAL4 and LAC9: LAC9-
mediated transcriptional activation in Kluyveromyces lactis
involves protein binding to a regulatory sequence homologous to
the GAL4 protein-binding site. MoL Cell. BioL 7, 4400-4406

Vol. 122, No. 6, 1997

 at Peking U
niversity on O

ctober 2, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/

