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GENERAL STATEMENT

Science of genetics has made remarkable progress in recent years. Since
the foundation in 1949, the Institute has devoted itself to the promotion of
fundamental researches on genetics, taking up research subjects of wide
range. So far, it has been operated under a policy to keep a balance among
each of ten research departments. Such policy permitted us to cope with
most research subjects in relevant fields. However, amazingly rapid
progress in this science has obliged us to reconsider the policy hitherto
adopted. Furthermore, we have been pressed by another unavoidable
circumstances. Staff members of the Institute has been reduced in number
year by year due to budgetary limitation of the government. Thus, the
Institute has confronted serious problems.

In order to find a new turn of the situation we have been discussing for
several years about switching over from the present system to other one as
research institute for joint use by the universities. There had been several
arguments for and against the reorganization. After full discussion, the
Future Planning Committee of the Institute concluded at the meeting on
June 3rd that adoption of the new system should not be retarded in order
to keep up with the rapid progress of the genetic studies. The matter was
taken up into deliberation at the annual meeting of the Council held on
June 20th. The Council decided that it would be advisable for the Insti-
tute to take the new system. Then, having obtained the agreement of all
strata of the Institute, I offered our proposal to the Ministry of Education,
Science and Culture, and at the same time I requested our Future Planning
Committee to embody the plan in detail.

The number of staff members who went abroad decreased to 18 from 32
of the preceding year, however, the visitors to our institute from other
countries came up to 62, twice as many as last year. Among them visitors
from People’s Republic of China were the most in number. Those who
have been working as long term visiting researchers under the grant in aid
from the Japan Society for the Promotion of Science or with the aid from
scientific exchange fund of their own countries are: Dr. Gerard Second
from France in Department of Applied Genetics, Dr. C. Pai from Taiwan
in Departments of Applied Genetics and Biochemistry, Dr. Josef Acher-
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mann from Switzerland and Dr. Nancy L. Wanek from U.S.A. in Depart-
ment of Biochemistry, Dr. Harold W. Keck and Dr. Hildegard Kraut from
West Germany in Department of Microbiology. The Institute is varied in
the nationality of the visiting researchers.

Dr. Hiko-Ichi Oka, the head of the Department of Applied Genetics,
retired on April 1st by reason of the age limit. He has long been working
in this institute as a competent leader of rice research group. 1 feel regret
at his retirement. Dr. Takeo Maruyama, the chief of the first laboratory
of the Department of Population Genetics was appointed to the post of the
head of the Department of Physiological Genetics which had been left
vacant for a year. It is regretful that Dr. Mitsuo Tsujita, honorary member,
the former head of the Department of Biochemistry, succumbed to an
untimely death on April 7th. May his soul rest in peace!

. ?7'@1_,“
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Genetic analysis of developmental mechanisms in hydra (Suciyama and
FusisAwaA)

Department of Applied Genetics

Quantitative genetic studies in poultry (KAWAHARA)

Genetic studies in wild populations of Japanese quails (KAWAHARA)

Behavioral genetic studies in mice (FUJISHIMA)

Theoretical studies on breeding techniques (IYAMA)

Genetic studies of trees in natural forest (IYAMA)

Evolutionary studies in wild and cultivated rice species (MORISHIMA and
SANO)

Ecological genetic studies in weed species (MORISHIMA)

Genetic effects of environmental pollation on plant population (Ivama and
MORISHIMA)

Department of Induced Mutation

Molecular mechanisms of spontaneous, chemical- and radiation-induced
mutations (KADA, SADAIE and INOUE)

Environmental mutagens and carcinogens (KapA, SApAIE, TUTIKAWA and
HaRrA)

Radiation genetics in mice (TUTIKAWA)

Biochemical factors involved in cellular repair of genetic damage (INOUE
and KADA)

Genetics of Bacillus subtilis (SADAIE and KADA)
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Molecular mechanisms of unicellular differentiation in Bacillus subtilis
(SADAIE)

Radiation and chemical interaction in the cells (KADA)

Genetic fine structure analysis in maize (AMANO)

Department of Human Genetics

Genetic and epidemiologic studies on certain malformations in human
embryos (MATSUNAGA)

Genetic studies on retinoblastoma (MATSUNAGA)

Clinical cytogenetic studies of congenital abnormalities in man (NAKAGOME)

Molecular cytogenetic studies of human chromosomes (NAKAGOME)

Studies on human chromosome variants (NAKAGOME and MATSUNAGA)

Department of Microbial Genetics

Genetic regulatory mechanisms of DNA replication in E. coli (YASUDA)

Genetic regulatory mechanism of cellular division in E. coli (HIROTA,
NISHIMURA and YAMADA)

Molecular genetics on DNA replication (YAsUDA and HIROTA)

Genetic studies on bacterial cell envelope (HIROTA and NISHIMURA)

Synthetic bacterial plasmid (Yasupa and NISHIMURA)

DNA replication origin of E. coli (YASUDA, YAMADA and HIROTA)

Department of Population Genetics

Theoretical studies of population genetics (KIMURA, OHTA, TAKAHATA and
AOKT)

Studies on molecular evolution from the standpoint of population genetics
(KiMURrA, TAKAHATA and OHTA)

Theoretical studics on the evolution of multigene family (OHTA)

Theoretical studies on altruism (AoK1)

Department of Molecular Genetics

Studies on the structure of genome RNA of viruses (MIura)
Studies on the primary structure of DNA (SOEDA and MIURA)
Studies on structure and function of messenger RNA (MIURA)
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Genetical and enzymological studies on E. coli polymerase (SUGIURA)

Studies on T, RNA ligase (SUGIURA)

Cloning of eukaryotic genes and their structural analysis (SUGIURA and
SHINOZAKI)

Genetic Stocks Center

Studies and conservation of germplasm resources in rice and wheat species
(Fui and SanNo)

Specificity of mutagen tolerance in higher plants (Fuin)

Exploitation of genetic ability of nitrogen fixation in Graminae (Fuji, SANO,
IyAMA and HIROTA)

Studies on genetic differentiation in rice (SANO)

Cytogenetic studies of Norway rats and establishment of the chromosomal
mutant stocks (YOSIDA)

Experimental breeding of wild rodents for estabilshment of the new experi-
mental animals (YOSIDA)

Developmental genetic studies on mouse teratomas (NOGUCHI)

Studies on chromosomal polymorphism in Drosophila (INOUE)

Analysis of fibroin genes of silkworm and its relatives (Kusupa)

Genetical study of flagellar formation in Escherichia coli K-12 (KOMEDA)

Basic studies on the gene purification and the construction of DNA banks
(SUGIURA)
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. MOLECULAR GENETICS

Relationship between Structure of the 5’-noncoding Region of
Viral mRNAs and Efficiency in the Initiation Step of
Protein Synthesis in a Eukaryotic System

Kazuko YamacucHr, Soh Hipaka and Kin-ichiro Miura

To determine whether the rate of protein synthesis is controlled by the
structure of mRNA near its 5'-terminus, protein synthesizing ability, es-
pecially in its initial stage, was compared among RNAs of plant viruses.
Those viruses used here contain scveral definite pieces of single-stranded
RNA. Fach of these RNAs acts as a messenger. Cucumber mosaic virus
(CMV) RNA 5 synthesizes a small amount of a protein, molecular weight
7000, in an in vitro protein synthesizing system from wheat germ or re-
ticulocyte. Brome mosaic virus (BMV) RNA 4 synthesizes a large amount
of a coat protein under the same conditions. Both RNAs carry the same
5'-cap structure and a short noncoding region (ten nucleotides in CMV
RNA 5 and nine in BMV RNA 4) from the 5’-terminus to the initiation
codon AUG. A sequence complementary to the 3'-terminal of 18S ribo-
somal RNA is contained in BMV RNA 4, but not apparent in CMV RNA 5.
Formation of the initiation complex for protein synthesis by the 5’-terminal
labeled mRNA of cytoplasmic polyhedrosis virus was inhibited by the
addition of cold BMV RNA 4, whereas it was only slightly inhibited by
cold CMV RNA 5. BMV RNA 4 which has a sequence complementary
to TRNA can form the initiation complex more easily than CMV RNA 5.
It is concluded that an apparent complementary sequence to the 3’-terminal
of 188 rRNA in the 5’ noncoding region of eukaryotic mRNA as well as
the 5'-cap structure enhances the rate of initiation complex formation in
protein synthesis.

If the 5'-noncoding region is large, tertiary structure of this region seems
to arrange mutual relationships among these functional sites. Large hair-
pin structures can bring the initiation codon near the 5'-cap and/or the
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complementary sequence to the 3'-terminal of 18S ribosomal RNA. An
example of the possibility is seen in CMV RNA 4 that codes a coat protein
and carries 76 bases in the 5'-noncoding region (succeeding report, S. Hidaka
and K. Miura). Another example is seen in mRNA of a precursor of
corticotropin/S-lipotropin, in which the 5'-noncoding region consists of
128 bases (Eur. J. Biochem. 113, 531-539 (1981), A. Inoue, M. Nakamura,
S. Nakanishi, S. Hidaka, K. Miura and S. Numa).

Terminal Part Structure of Genome RNA of Cucumber
Mosaic Virus

Soh Hmaxka and Kin-ichiro Mrura

A genome of cucumber mosaic virus (CMV) is consisted of four pieces
(strain O) or five pieces (strain Y) of single-stranded RNA. Molecular
weights of these RNA segments are RNA 1: 1.23x10%, RNA 2: 1.13x 107,
RNA 3: 0.83x10% RNA 4: 0.33x10° and RNA 5: 0.1 x 10°%, respectively.
Nucleotide sequence near the 5'-terminus and the 3’-terminus of these RNA
segments was analyzed. Every RNA segment of CMYV carries the same
5'~cap structure m’G* pppG-.

After the cap part is deleted chemically, the 5'-terminus of RNA is labeled
with [**P] phosphate by nucleotide kinase. The RNAs were digested
partially by weak alkali and ribonucleases (T:, U,). The resulting oligo-
and poly-nucleotides were separated by gel electrophoresis and auto-
radiographed on a X-ray film. By this analysis the sequence of guanine
(G), adenine (A) and pyrimidine (Y) was determined. The partial alkaline
digest was electrophoresed in pH 3.5 and pH 7 two-dimensionally in a gel,
and autographed. By this analysis cytosine (C) and uracil (U) are dis-
tinguished. The 3’-terminus of RNA was bound with [**P]pCp by RNA
ligase. The 3'-labeled RNA was digested partially by chemical methods
and analyzed by gel electrophoresis as carried out in the nucleotide se-
quencing near the 5'-terminus.

The 5'-terminal nucleotide sequence including the 5'-cap, m'G* pppG-
U-U- is common for all the RNA segments of CMV, but the first initiation
codon for protein synthesis, A-U-G, appears at 56th in RNA 1 and 2, at
77th in RNA 4, and at 11th in RNA 5. It is known that RNA 4 carries a
coat protein information. The amino acid sequence of the N-terminal of
the coat protein was analyzed to determine the location of initiation codon
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of coat protein cistron. Since CMYV coat protein is acetylated at the N-
terminal amino acid as other plant viruses, N-acetylated oligopeptides
obtained by pronase digestion were analyzed. The N-terminal amino
acid sequence was identified as Ac-Met-(Asx), here Asx means asparagine
(Asn) or apartic acid (Asp). In CMV RNA 4, the first initiation codon
A-U-G appears at 77th from the 5'-terminus, and the nucleotide sequence
following to A-U-G just corresponds to the N-terminal of coat protein:
AUG (Met)-GAU (Asp)-AAU (Asn). Therefore, the initiation codon at
the 77th nucleotide is confirmed as the true initiation codon for protein
synthesis. Upstream (5'-side) of the initiation codon contains nucleotide
sequences complementary to the 3’-terminal part of 18S rRNA in CMV
RNAs 1, 2 and 4, but not in RNA 5. The 5-noncoding region of RNA 1,
2 and 4 is the almost same between O strain and Y strain of CMV, though
there are several base changes.

The 3'-terminal nucleotide sequence was very similar among the RNA
segments of CMYV, 10 nucleotides sequence from the 3'-terminus is perfectly
common for RNAs 1 to 4. It would mean that the structure near the
3’-terminus functions for template recognition of the RNA replicase.

The N-terminal analysis of protein was coworked with the late Prof.
Kozo Narita and Dr. Susumu Tsunazawa of Osaka University. CMYV was
prepared by Drs. Susumu Kubo and Yohichi Takanami of Central Research
Institute of the Japan Tobacco and Salt Public Corporation.

Sequence of a Putative Promoter Region for the rRNA
Genes of Tobacco Chloroplast DNA

Naoki TorpoH, Kazuo SHiNozZAKI and Masahiro SUGIURA

The nucleotide sequence of the segment of tobacco chloroplast DNA
adjacent to and including the start of the 16S rRNA gene has been de-
termined (766 base-pairs). The region just preceding this gene was found
to contain a gene (see Fig. 1, pp 15) and promoter-type sequences similar
to those which occur in E. coli were found before this tRNA gene. E: coli
RNA polymerase can recognize these sequences and in vitro co-transcribes
the tRNA and rRNA genes.
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Fig. 1. Nucleotide sequence in the region at the start of tobacco chloroplast
16S rRNA gene.

The Complete Nucleotide Sequence of a 16S Ribosomal RNA
Gene from Tobacco Chloroplast

Naoki ToupoH and MASAHIRO SUGIURA

The complete nucleotide sequence of a 16S ribosomal RNA gene from
tobacco chloroplast has been determined (Fig. 1, p. 16). The coding region of
the 16S rRINA gene is 1485 base-pairs long. Its nucleotide sequence has 96 9
homology with that of maize chloroplast 16S rRNA gene and 74 %, homology
with that of E. coli one. The 3’ terminal region of this gene contains the
sequence ACCTCC which is complementary to sequences found at the 5’
termini of prokaryotic mRNAs. The large stem structure can be con-
structed from the sequences surrounding the 5" and 3’ ends of the 16S gene.

The Nucleotide Sequence of 4.5S Ribosomal RNA
from Tobacco Chloroplasts

Fumio Takaiwa and Masahiro SUGIURA

The 4.5S RNA has recently been found in the large subunit of the chlo-
roplast ribosomes from a number of higher plants. In tobacco chlo-
roplasts, the 4.5S RNA is present in approximately equimolar amount as
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Fig. 1. Nucleotide sequence of tobacco chloroplast 16S rRNA gene. For
comparison, sequence of E. coli 165 rDNA (upper row) is presented and homo-
logous regions are boxed.

the chloroplast 58 RNA and is coded for by the chloroplast DNA between
the 23S and 58 rRNA genes. The nucleotide sequence of tobacco chloro-
plast 4.5 ribosomal RNA has been determined. The 4.55 RNA is 103
nucleotides long and its 5-terminus is not phosphorylated. A possible
secondary structure for the 4.5S RNA can be constructed as shown in Fig. 1.
(p. 17). This work was published in the Nucleic Acids Research 8, 4125-
4129 (1980).
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Fig. 1. A possible secondary structure of tobacco chloroplast 4.55 RNA.

The Nucleotide Sequences of two tRNAAs® Genes from

Tobacco Chloroplasts

Akira Karo, Hiroaki SHIMADA and Masahiro SuGiura

17

Recombinant plasmids which contain EcoRI fragments of tobacco chlo-
roplast DNA carrying tRNA genes were constructed. Plasmids pTC211
and pTC293 contain the base sequences for tRNA#*® in their 1.4 and 1.1
Md EcoRI fragments, respectively. These two tRNA sequences are iden-
tical. Fig. 1 (p. 18) shows the cloverleaf structure that can be deduced for
the tRNA%52 based on the DNA sequence. Each tRNA%%? gene is located
at about 0.9 kb apart from the distal end of each 5S rRNA gene and is

coded for by the DNA strand opposite from that of the rRNA genes.
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Fig. 1. Tobacco chloroplast tRNA#s2 (right) and tRNAVY2! (left).

Purification of the T4 DNA Ligase by Blue Sepharose
Chromatography

Masahiro SUGIURA

T4 DNA ligase catalyzes the formation of phosphodiester bonds be-
tween adjacent 5'-phosphoryl and 3’-hydroxylends in nicked duplex DNA.
In addition, it catalyzes the joining of duplex DNA molecules at com-
pletely base-paired ends. These activities of T4 DNA ligase have been
used to synthesize DNA with defined sequences and to construct recom-
binant DNA molecules in vitro.

As T4 DNA ligase was found to bind to Blue Sepharose CL-6B, Blue
Sepharose CL-6B chromatography was introduced at the last step of puri-
fication procedure. The purified T4 DNA ligase preparation gave one
band on SDS-polyacrylamide gel electrophoresis and the molecular weight
was estimated to be 60,000. Thus Blue Sepharose chromatography removed
at least nuclease(s) active on (dT)y,, which could not completely be removed
by DEAE- and P-cellulose chromatography and gel filtration. This work
was carried out with assistance of Mrs. Mie Kusuda and was published in
the Analytical Biochemistry 108, 227-229 (1980).
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The physical map of silkworm mt DNA,

Silk worm
mt DNA

145K bp

Cloning of Mitochondrial DNA from Silkworm Eggs

Jun Kusupa and Kimiji ONIMARU

Several hundred of silkworm mutants were isolated and these relative
genetic loci were determined on chromosomes as a linkage maps. In
contrast to extensive analysis of chromosomes of silkworm, genetic and
chemical characters of the extrachromosomes is little known. Silkworm
mitochondria show heterologous forms in the midgut or Malpighian tissues.
Elucidation of the gene organization of mitochondria has been difficult
because of its incapability of mating. Recent advance of gene cloning and
nucleotide sequencing techniques allow us to analyse the fine structure of
this organella DNA and estimate the genes coded on it. We have started
to study the structure of silkworm mitochondrial DNA by the application
of these techniques. Mitochondrial DNA isolated from silkworm (strain
P-22) eggs were cleaved by Pst 1 into three fragments of 7.1 kiro base pairs
(kbp), 6.2 kbp and 1.2 kbp long. Genome size of this DNA, estimated
from the summation of the size of Pst I fragments, was 14.5 kbp. Three
fragments were cloned into E. coli plasmid pBR322 in order to obtain large
quantities of DNA homologous to mitochondrial DNA for further analysis.
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Pst I fragments of the mitochondrial DNA were joined to pBR322 cleaved
with Pst I using T, ligase and transformed E. coli HB101. Transformants
containing recombinant plasmids were selected by the colony hybridization
using **P-labeled mitochondrial DNA from the Tetracycline resistant and
Ampicirine sensitive colonies. Seven colonies hybridized to P labeled
probe. Gel analysis of Pst I digests of recombinant plasmids revealed that
the three types of clones were obtained. pBmt24-2, pBmtl13 and pBmt30
contain the Pst I fragments A, B and C, respectively. pBmt24-1 contains
both Pst I-B and Pst I-C fragments. pBmt24-1 and pBmt24-2 DNA were
digested with Sal I, Bam HI, Bgl II, Sst I, Pst I, Kpn I, EcoRI and Hind III.
The location of cleavage sites were deduced from the electrophoretic pat-
terns of double and triple digests with these enzymes. A physical map of
whole mitochondrial DNA was constructed by the combination of pBmt24-1
and pBmt24-2 maps. As illustrated, mitochondrial DNA from silkworm
egegs contains 23 cleavage sites of 8 restriction enzymes tested. Sixteen of
them were located on the region of 7 kbp long corresponding to half genome.
Since 6 among 8 enzymes used are specific for hexanucleotides including
4 GC base pairs, we assumed that the nucleotide sequence of this region
was rich in GC base pairs and the replication origin could be located in the
another half region containing few restriction sites, because this region is
assumed to be rich in AT base pairs.
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Il. MICROBIAL GENETICS

On the Biological Role of Penicillin-binding Proteins 4 and 5

Miguel Angel de PEprO®, Uli SCHWARZ,Y Yukinobu NISHIMURA,
and Yukinori Hirota

Recent studies in vivo of murein biosynthesis in E. coli show that newly
synthesized murein differs in its chemical composition from preexisting
murein. Murein newly inserted into growing cells is less cross-linked than
the preexisting murein and it carries pentapeptide subunits. The penta-
peptide subunits act as donors in a secondary maturation process which
involves further transpeptidation by which the final stage of cross-linkage
in murein is achieved. This reaction seems to involve penicillin-binding
protein 4. In mutants with a defective penicillin-binding protein 4, the
secondary transpeptidation is abolished and the murein, in this case, is not
processed further and remains poorly cross-linked. This indicates that
penicillin-binding protein 4, which in vitro has carboxypeptidase IB and
DD-endopeptidase activity, may act as a transpeptidase in the intact cell.

First hints on the possible role of penicillin-binding proteins 5 and/or 6,
which show carboxypeptidase TA activity in vifro come from an accumula-
tion of pentapeptide side chains in intact sacculi. These pentapeptide
subunits were identified by their strong and stable interaction with vanco-
mycin. Exponentially growing cultures of appropriate mutants were
cither pulse-(5S min) or uniformly labelled with tritiated diaminopimelic
acid and the amount of pentapeptide-containing subunits and the extent of
cross-linkage in the murein were determined.

As listed in Table 1, mutants defective in penicillin-binding protein 5
show an increase of pentapeptide subunits, both after pulse- and uniform-
labelling of the murein. All mutants tested with defective carboxypep-
tidase IA show a dramatic accumulation of pentapeptide in the murein.
Thus, penicillin-binding protein 5 seems to function as a carboxypeptidase
not only in vitro but also in vive. It converts pentapeptide subunits, the
activated substrate for transpeptidation, into tetrapeptides.

The double mutants with defects in penicillin-binding proteins 4 and 5

b Max-Planck-Institut fiir Virusforschung.
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Table 1. Cross-linkage and accumulation of pentapeptide subunits
in the murein of wild-type and mutant strains of E. coli

Cross-linkage® Pentapeptide®
Strain

Pulse-labelled Uniformly Pulse-labelled  Uniformly

5 min labelled S min labelled
W-7 (Wild type) 0.224+0.012 0.2840.013 3 40.45 0.3+0.18
5509 (Wild type) 0.20+0.01 0.274+0.011 2.6+0.6 0.4-+0.15
DL64 (dacB) 4 0.204+0.009 0.21+0.011 10 +1.4 0.940.1
1191 (dacA) § 0.2240.014 0.29-+40.003 29 +£6.0 5.6+1.49

5683 (ponA, dacA, 0.274+0.002  0.29--0.006 42 40.88 15 40.96
dacB)°

5684 (dacA, dacB) 0.264-0.01 0.274£0.009 36 +1.05 15 +0.4

Cross-linkage is expressed as molar fraction of cross-linked dimers in total murein.
b Expressed as percentage of total monomeric lactyl-peptides.
¢ Leaky for carboxypeptidase 1b activity; no penicillin-binding protein 4 detectable.

as well (strain JE5683 and JE5684) have a highly cross-linked murein both
after pulse- and uniform-labelling of the murein. This is unexpected
because a defect in penicillin-binding protein 4 alone results in decreased
cross-linkage (Table 1); maturation of murein via transpeptidation is abol-
ished. However, the enormous accumulation of pentapeptide subunits in
the mutants may favour an abnormal formation of peptide cross-links in
the initial step of murein insertion which under normal conditions yields
poorly cross-linked murein. (For details, see FEMS Microbiology Letters
9, 219-221 1980).

On the Process of Cellular Division in Escherichia coli:
Isolation and Characterization of Penicillin-binding
Proteins 1a, 1b, and 3

Toshihide Tamura, Hideho Suzuki, Yukinobu NISHIMURA,
Junzo MizoGucHi, and Yukinori HiroTA

Multiple mutants of Escherichia coli defective in penicillin-binding pro-
teins (PBPs) were constructed, and into these strains ColEl plasmids carry-
ing the genes for PBP-1a, -1b, or -3 were introduced. From these plasmid-
carrying strains, PBP-la and -1b were purified by ampicillin-Sepharose
affinity chromatography and PBP-3 by cephalexin-Sepharose affinity chro-
matography. Improved purification was achieved by differential elution
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with NH;OH. Purified PBP-1b synthesized murein when added to the
membrane fraction of a PBP-1b-defective mutant, which by itself failed to
support murein synthesis in vitro. The PBP-1b preparation was able to
synthesize murein from the lipid intermediate extracted with chloroform/
methanol but was unable to utilize UDP-linked precursors for murein
synthesis. Murein synthesis was inhibited by vancomysin, ristocetin,
moenomycin, and endruacidin, but not by f-lactam antibiotics. The
synthesized murein was shown to contain crosslinked muropeptides. Their
crosslinking was abolished by action of §-lactam antibiotics. The PBP-la
and -3 preparations showed substantially no activity for murein synthesis
in the same reaction system. None of the three PBPs showed D-alanine
carboxypeptidase activity with UDP-N-acetylmuramyl-pentapeptide as
substrate or endopeptidase activity with bis(disaccharide-peptide) as sub-
strate. (For detail, see Proc. Natl. Acad. Sci. USA 77, 4499-4503, 1980)

A Mutant of Escherichia coli defective in Penicillin-binding
"Protein 5 and Lacking D-alanine Carboxypeptidase IA

Yukinobu NisuiMura, Hideho Suzukr, Yukinori HIROTA,
and James T. PARKY

A mutant of Escherichia coli defective in penicillin-binding protein 5
activity was isolated. The mutation (pfv) was shown to be located at
14.0 min on the E. coli chromosome map. Loss of penicillin-binding
protein 5 in the pfy mutant was associated with the loss of D-alanine carboxy-
peptidase IA activity and increased sensitivity to j-lactam antibiotics. We
conclude that penicillin-binding protein 5 catalyzes the major D-alanine
carboxypeptidase TA activity and that the enzyme activity, in vivo, protects
E. coli cells from killing by low inhibitory concentrations of S-lactam anti-
biotics. (For detail, see Journal of Bacteriology, July 1980, 531-534)

Synthetic ColEl Plasmids Carrying Genes for Penicillin-Binding
Proteins in Escherichia coli

Yutaka Taxkepa, Akiko NisHIMURA, Yukinobu NISHIMURA, Masao YAMADA,
Seiichi Yasupa, Hideho Suzukr and Yukinori HiroTA

Clarke and Carbon’s collection of 2,000 Escherichia coli strains which

Y Tufts Univ. Sch. of Med., Boston.
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harbor ColEl plasmids carrying small random segments of the E. coli
chromosome was screened for the correction of mutational defects in penicil-
lin-binding proteins (PBPs): ponAd (PBP-1a), ponB (PBP-1b), dacB (PBP-4)
and pfv (PBP-5). We found the plasmids carrying the chromosomal seg-
ments containing ponA*-aroBt (pLC29-47), ponB*-tonA*t (pLC4-43, pLC-4
44 and pLC19-19) and argG™*-dacB™* (pL.C10-46 and pLC18-38). Characters
of these plasmids were analyzed. Two other plasmids (pLC26-6 and
pLC4-14) previously found to correct an ftsI mutation (Nishimura et al,
1977) were also investigated further. Restriction maps of chromosomal
DNAs carried by pLC29-47, pLC4-44, pLCI19-19, pLC18-38, pLC26-6 and
pLC4-14 were constructed. The regions of ponB-tonA on pLC4-44 and
pLC19-19, and of leuA-ftsl-murE & F on pLC26-6 were located on the
restriction maps. Although both pL.C26-6 and pLC4-14 corrected a thermo-
sensitive mutation, fzsI, which causes a defect in cell division due to abnormal
PBP-3, only pLC26-6 led an ftsI mutant to restore production of PBP-3,
while pLC4-14 did not. Restriction and hetero-duplex analyses of pLC26-6
and pLC4-14 have shown the absence of nucleotide sequence homology
between them. The plasmids, pLC29-47 carrying ponA*t and pLC4-43,
pLC4-44 and pLC19-19 carrying ponB™* led the host cell to overproduce
the respective PBP. (For details, see Plasmid, 1981)

Cloning of pon B and fts I Gene of Escherichia coli and Purification
of Penicillin-Binding Proteins 1B and 3
Hildegard Kraut, Wolfgang Keck and Yukinori HiroTa

In the inner membrane of Escherichia coli at least 7 penicillin-binding
proteins were detected, to which penicillin binds covalently (Spratt, B.G.
1975, Proc. Natl. Acad. Sci. 72: 2999-3003). Since jS-lactam antibiotics are
known to inhibit cell division and cell elongation, the role of these penicillin-
binding proteins with respect to the murein metabolism has been investigated.
In the meantime, with the exception of penicillin-binding protein 6, mutants
for all these PBPs had been isolated (Suzuki et al. 1978, Proc. Natl. Acad.
Sci. 75: 664-668, Spratt, B.G. 1977, J. Bacteriol. 131: 293-305, Matsuhashi
et al. 1978, Proc. Natl. Acad. Sci. 75: 2631-2635). By studying these
mutants it was suggested that PBP-1B is directly involved in the final poly-
merization steps in murein biosynthesis (Suzuki et al. 1977, Ann. Rep.
Natl. Inst. Genet. 28: 23-24). An enriched fraction of PBP-1B synthesized
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crosslinked murein from lipid linked precursors (Tamura ef al. 1980, Proc.
Natl. Acad. Sci. 77: 4499-4503).

The activity of PBP-3 is essential for cell division, which can be demon-
strated by the follwing evidence. Specific f-lactam antibiotics, like benzyl-
penicillin or cephalexin which cause filament formation, bind at the effective
concentration preferentially to PBP-3 in the inner membrane (Spratt, B.G.
1977, Eur. J. Biochem. 72: 341-352). Mutants with a genetic defect in
PBP-3 possess a thermolabile PBP-3 and a temperature sensitive defect in
septum formation in parallel. Our main effort focused on these two PBPs
because of their essential functions in cell elongation and cell division.

Clarke and Carbon’s synthetic Col El plasmid collection was screened for
the correction of mutational defects in penicillin-binding proteins and the
restriction maps of the plasmids were established (Takeda et al. 1981,
Plasmid, in press). Escherichia coli strains carrying pLC 19-19 (pon B)
or pLC26-6 (ftsI) show about 10-fold overproduction of PBP-1B or -3
respectively (Tamura et al. 1980, Proc. Natl. Acad. Sci. 77: 4499-4503).

Starting from these plasmids we cloned the two structural genes pon B
and fts1 independently into a plasmid with temperature dependent copy
number. This high copy number plasmid pSY 343 is derived from the
miniplasmid pBEU 17 which was constructed from a runaway replication
mutant pKN 402 of the antibiotic resistance factor R1 (Uhlin et al. 1979,
Gene 6: 91-106). Seiichi Yasuda exchanged the ampicillin resistance in
pBEU 17 with kanamycin resistance to get the plasmid pSY 343. This
plasmid replicates at temperatures above 35°C without copy number control
during 2-3 hours. This gives a 500-1000 fold increase in gene dosage of
plasmid-coded genes compared to an average chromosomal gene. During
gene amplification, cell growth and protein synthesis continue at the normal
rate and lead to an overproduction of plasmid gene products.

The fts1 gene was cloned from pLC 26-6 into the high copy number
plasmid pSY 343 by using the Bam HI and Eco RI site (Fig. 1). A mutant
strain (JE7627) with defective PBP-1B and -4 was transformed with this
new plasmid pWK 7. For overproduction of PBP-3 the cells were grown
in the presence of kanamycin at 30°C, shifted to 37°C in the early loga-
rithmic phase and cultivated for 4 more hours. During this time the cells
reach 150-fold overproduction of PBP-3 compared to wild type cells, all of
which is inserted into the inner membrane.

~The cloning of pon B gene was a little more complicated, because there
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Fig. 1. Cloning of fts 1 gene into the high copy number plasmid pSY 343.

are no suitable restriction sites in the plasmid pLC 19-19, which could be
used for direct cloning into the high copy number plasmid pSY 343. We
first used the Pst 1 sites to clone the pon B gene from pLC 19-19 into the
Pst1 site of the vector pBR 322 (Fig. 2). Plasmids with both possible
orientations of the integrated fragment could be isolated (pHK 1811, pHK
1824). Both types of plasmids lead to an unexpected high overproduction
of PBP-1B, about 120-fold compared to the wild level. For the vector
pBR 322 only 30 copies per cell are normally described. Recently it was
found that the deletion of a given non-essential region from Col El-like
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Fig. 2. Cloning of pon B gene into the plasmid pBR 322.

plasmids results in an increased copy number. Moreover, other Col El
sequences, which might be lost in the plasmids pHK 1881 and pHK 1824,
are involved in determining plasmid copy number (Twigg, A.J. and D.
Sherratt, 1980, Nature 283: 216-218). For further cloning of pon B gene
from pHK 1811 into the high copy number plasmid pSY 343 the Hind III
sites were used (Fig. 3). The plasmid pHK 231, which contains the com-
plete DNA of pHK 1811, pBR 322 and pSY 343, was obtained. A multiple
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Fig. 3. Recloning of pon B gene into the high copy number plasmid pSY 343.

mutant strain with temperature sensitive PBP-1A, which was also defective
for PBP-1B and -4, was transformed with this new plasmid pHK 231.
Cells are grown as already described in the case of PBP-3. In these cells
PBP-1B was overproduced 150-fold or more, compared to wild type level.
All this protein was membrane bound.
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By cloning and amplification of these two structural genes and the over-
production of the gene products we are able to isolate both penicillin-
binding proteins and study them on the protein level, and we can isolate
the DNA-fragments, that code for the structural genes of these two proteins
and study them on the DNA level. For the purification of PBP-1B and -3
we used overproducing cells with defects in other penicillin-binding proteins.
After opening the cells the PBPs were extracted from the membrane fraction
and the crude extract was applied to covalent-affinity-chromatography.
For the isolation of PBP-1B ampicillin was coupled to activated CH-
Sepharose 4B (Pharmacia) and for PBP-3 cephalexin was used. After
loading the columns with crude extracts the columns were washed ex-
tensively with buffer containing 2M NaCl. The covalently bound penicillin-
binding proteins are then eluted with buffer containing 1M hydroxylamine.
Both proteins could be obtained by this single step purification in pure
form. Starting with 25 g wet weight of cells we could obtain, in a typical
purification procedure, about 5-10 mg of pure PBP-1B and about 2 mg of
pure PBP-3.

With the purified proteins we are now able to study the structural prop-
erties, the binding-sites and hydrophobic sequences of these two proteins.
We will also continue to unravel their enzymatic activities, their binding-
and complex-stability with different S-lactam antibiotics. All this informa-
tion will provide insight into the very complex process of cell growth and
cell division in Escherichia coli.

Isolation of an E, coli DNA Topoisomerase I Mutant

Rolf STERNGLANZ,V Stephen DINARDO,Y James C, WANG,
Yukinobu NisHmmura and Yukinori HiroTA

A collection of temperature-sensitive E. coli mutants has been screened
in order to find a DNA topoisomerase I (w) mutant. Two such mutants
have been found, both with a significant reduction in @ activity. One
mutant has about 109, residual topoisomerase activity and the other has
1-59; the activity of wild-type. The remaining activity is resistant to ox-
olinic acid and therefore is presumably due to w. The temperature sensi-
tivity of the mutants can be removed by Pl transduction or conjugation,

1 State Univ. of New York, Stony Brook.
?  Harvard Univ., Cambridge.
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and the resultant strains still lack @ activity. Therefore, either w is not
essential for E. coli or the residual activity present in the mutants is suf-
ficient for viability. The mutation causing the lack of o activity maps near
trp at about 27 min on the E. coli genetic map. (For details, see Mechanistic
Studies of DNA Replication and Genetic Recombination, 1980)

Mutations in the Gene Coding for Escherichia coli DNA
Topoisomerase I affect Transcription and Transposition
Rolf STERNGLANZ,Y Stephen DiNARDO,? Karen A. VOELKEL,Y

Yukinobu NisHIMURA, Yukinori HIROTA, Kathleen BETHLERER,?
Louis ZumsTEIN,? and James C. WaANGY

Mutations in top, the structural gene for Escherichia coli DNA topo-
isomerase I, have been identified and mapped at 28 min on the chromosome,
near ¢cysB. Strains carrying deletions of the top gene are viable. The top
mutations, however, do exert pleiotropic effects on transcription and trans-
position. Mutants lacking DNA topoisomerase 1 have a more rapid rate
of induction and a higher level of catabolite-sensitive enzymes including
tryptophanase and S-galactosidase. This general activation of transcrip-
tion by top mutations can be attributed to an increase in the negative super-
helicity of the DNA in vivo when the topoisomerase activity is abolished.
The frequency of transposition of Tn5, a transposon carrying kanamycin
resistance, is decreased by a factor of 40 or more in fop mutants. A direct
or indirect role of the topoisomerase in transposition is discussed. The
transposition frequency of Tn3, however, is not dependent on top. Based
on the studies of the E. coli top mutants, it appears that the supX gene,
which was originally studied in Salmonella typhimurium [Dubnau, E. &
Margolin, P. (1972) Mol. Gen. Genet. 117, 91-112] is likely to be the struc-
tural gene for DNA topoisomerase I. (For detail, see Proc. Natl. Acad.
Sci. USA 78, 2747-2751, 1981)

D State Univ. of New York, Stony Brook.
®  Harvard Univ., Cambridge.
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Characterization of the dnaA Gene Carried by Lambda
Transducing Phage

Akira MuraAxami, Hachiro INokucHI, Yukinori HIROTA,
Haruo Ozeki, and Hideo YAMAGISHI

Specialized transducing phages AdnaA were obtained by inducing lysogens
in which Afna was integrated at the tnad region of the Escherichia coli
chromosome; the tnad region is located in the vicinity of the dnad gene.
The dnad~ deletion derivatives of idnaAd were isolated from the lysate of
AdnaA grown on bacteria carrying a transposon Tn3.

The structures of various transducing phages thus obtained were de-
termined by heteroduplex DNA mapping. From these results, the trans-
ducing fragment of 13.8-kb-long was divided into nine domains. Upon
infection of UV-irradiated cells with the phage, production of polypeptides
of 49 kD and 42 kD was specifically associated with infections by the dnaA4
and recF transducing phages. Polypeptides of 49 kD and 42 kD appeared
to be coded for by dnad and recF genes, respectively. The dnad gene was
assigned to the region of 2.8-kb-long which extends by 2.4 kb in the counter-
clockwise direction on the E. coli genetic map and 0.4 kb in the opposite
direction, as measured from the nearest HindlIII site close to the tmaAd gene.
The recF gene was also discovered to lie very close to dnad in the order of
tnaA-dna A-recF.

Merogenotes heterozygous for the dnad gene were constructed by in-
troducing F’100-12 carrying AdnaA into the recipients with different muta-
tions at or near dnadA. For combinations, F'(AdnaA*)/dnad46 and
F'(dna*)/dna-83, dnad* was trans-dominant, whereas the dnaA* was
recessive for F'(AdnaA*)/dna-5. For F'(idnaA*)/dna-167, the result of the
transdominance test was affected by the growth media employed; dnad™*
was dominant on a 4-broth plate, and dnag-167 was dominant on an M9-
minimal plate. Thus, transdominance of dnaA* in heterozygotes is affected
by difference in mutations and growth media. (For details, see Mol.
Gen. Genet. 180, 235-247, 1980)
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Globomycin Sensitivity of Escherichia coli and Salmonella
typhimurium: Effects of Mutations Affecting Structures
of Murein Lipoprotein
Jiunu-Shyong Lar® William M. PuiLBrICK, Shigeru Hayasar,D

Masatoshi INUKAL® Mamoru ArRAL? Yukinori HIROTA,
and Henry C. Wu?

The sensitivity of strains of Escherichia coli and Salmonella typhimurium
to globomycin is increased in mutants defective in the lipopolysaccharide
structure. E. coli mutants altered in the structures or biosynthesis of
murein lipoprotein are more resistant to globomycin than the parental
strains. (For details, see Journal of Bacteriology, Jan. 1981, 657-660)

Cloning and Nucleotide Sequence of Asparagine Synthetase
Gene of Escherichia coli

Masataka NAKAMURA, Masao YAMADA, Yukinori HIROTA,
Kazunori SUGIMOTO, Atsuhiro OkA and Mituru TAKANAMI

We have subcloned the asnA gene of E. coli K-12, a gene coding for
asparagine synthetase, from a previously cloned 6 magadalton segment of
E. coli chromosome containing the DNA replication origin, ori, and asnAd
(Yasuda, S. and Y. Hirota. 1977 Proc. Natl. Acad. Sci. USA 74: 5458).
The complete nucleotide sequence of the asnd gene was determined: the
region of the structural gene extends 990