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Abbreviations and Symbols

Ali contributors to this Series are asked to use the terminology (abbreviations and symbols)
recommended by the IUPAC-IUB Commission on Biochemical Nomenclature (CBN) and ap-
proved by IUPAC and IUB, and the Editor endeavors to assure conformity. These Recom-
mendations have been published in many journals (1, 2) and compendia (3) in four languages
and are available in reprint form from the Office of Biochemical Nomenclature (OBN), as stated
in each publication, and are therefore considered to be generally known. Those used in nucleic
acid work, originally set out in section 5 of the first Recommendations (1) and subsequently
revised and expanded (2, 3), are given in condensed form (1-V) below for the convenience of the
reader. Authors may use them without definition, when necessary.

|. Bases, Nuaeosides, Mononucleotides

1. Bases (in tables, figures, equations, or chromatograms) are symbolized by Ade, Gua,
Hyp, Xan, Cyt, Thy, Oro, Ura; Pur = any purine, Pyr = any pyrimidine, Base = any base. The
prefixes S-, H,, F-, Br, Me, etc., may be used for modifications of these.

2. Ribvnuclevsides (in tables, figures, equations, or chromatograms) are symbolized, in the
same order, by Ado, Guo, Ino, Xao, Cyd, Thd, Ord, Urd (¥rd), Puo, Pyd, Nuc. Modifications
may be expressed as indicated in (1) above. Sugar residues may be specified by the prefixes r
(optional), d (=deoxyribo), a, x, 1, etc., to these, or by two three-letter symbols, as in Ara-Cyt
{for aCyd) or dRib-Ade (for dAdo).

3. Mono-, di-, and triphosphates of nucleosides (5') are designated by NMP, NDP, NTP.
The N (for “nucleoside”) may be replaced by any one of the nucleoside symbols given in 1I-1
below. 2'-, 3'-, and 5'- are used as prefixes when necessary. The prefix d signifies “deoxy.”
[Alternativelv, nucleotides may be expressed by attaching P to the symbols in (2) above. Thus:
P-Ado = AMP; Ado-P = 3-AMP] cNMP = cyclic 3':5'-NMP; Bt,cAMP = dibutyryl cAMP, etec.

II. Oligonucleotides and Polynucieotides
1. Ribonucleoside Residues

(@) Common: A, G, 1, X, C, T, O, U, ¥, R, Y, N (in the order of I-2 above).

(b) Base-modified: sl or M for thioinosine = 6-mercaptopurine ribonucleoside; sU or § for
thiouridine; brU or B for 5-bromouridine; hU or D for 5,6-dihydrouridine; i for isopentenyl; f for
formyl. Other modifications are similarly indicated by appropriate lower-case prefixes (in con-
trast to I-1 above) (2, 3).

(c) Sugar-modified: prefixes are d, a, x, or 1 as in I-2 above; alternatively, by italics or
boldface type (with definition) unless the entire chain is specified by an appropriate prefix. The
2'--methyl group is indicated by suffix m (e.g., -Am- for 2’-O-methyladenosine, but -mA- for
6-methyladenosine).

(d) Locants and multipliers, when necessary, are indicated by superscripts and subscripts,
respectively, e.g., -mfA- = 6-dimethyladenosine; -s*U- or -*S- = 4-thiouridine; -ac*Cm- =
2’-0-methyl-4-acetylcytidine.

(¢) When space is limited, as in two-dimensional arrays or in aligning homologous se-
quences, the prefixes may be placed over the capital letter, the suffixes over the phosphodiester
symbol.

2. Phosphoric Residues [left side = 5', right side = 3’ (or 2'}]
(a) Terminal: p; e.g., pppN . . . is a polynucleotide with a 5'-triphosphate at one end; Ap is

adenosine 3'-phosphate; C > p is cytidine 2:3'-cyclic phosphate (1, 2, 3); p < A is adenosine
3':5'cyclic phosphate.
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(b) lntemal hyphen (for known sequence), comma (for unknown sequence); unknown
sequences are enclosed in parentheses. E.g., pA-G-A-C(G;, A, U)A-U-G-C > p is a sequence
with a (5') phosphate at one end, a 2':3'-cyclic phosphate at the other, and a tetranucleotide of
unknown sequence in the middle. (Only codon triplets should be written without some punctu-
ation separating the residues.)

3. Polarity, or Direction of Chain

The symbol for the phosphodiester group (whether hyphen or comma or parentheses, as in
2b) represents a 3'-5’ link (i.e., 2 5'... 3' chain) unless otherwise indicated by appropriate
numbers. “Reverse polarity” (a chain proceeding from a 3' terminus at left to a 5' terminus at
right) may be shown by numersls or by right-to-left arrows. Polarity in any direction, as in a
two-dimensional array, may be shown by appropriate rotation of the (capital) letters so that 5' is
at left, 3’ at right when the lettcr is viewed. right-side-ug.

4. Synthetic Polymers

The complete name or the appropriate group of symbols (see 11-1 above) of the repeating
unit, enclosed in parentheses if complex or a symbol, is either (a) preceded by “poly,” or (b)
followed by & subscript “n” or appropriate number. No space follows “poly” (2, 5).

The conventions of I1-2b are used to specify known or unknown (random) sequence, e.g.,

polyadenylate = poly(A) or A,, a simple homopolymer;

poly(3 adenylate, 2 cytidylate) = poly(AsC,) or (Ay,Cy)y. an irregular copolymer of A and C
in 3: 2 proportions;

poly(deoxyadenylate-deoxythymidylate) = poly(d(A-T)] or poly(dA-dT) or (dA-dT), or
d(A-T),, an alternating copolymer of dA and dT;

poly(adenylate, guanylate, cytidylate, uridylate) = poly(A.G,C,U) or (A,G,C,U),. a random
assortment of A, G, C, and U residues, proportions unspecified.

The prefix copoly or oligo may replace poly, if desired. The subscript “n” may be replaced
by numerals indicating actual size, ¢.g., A, dT s,

fil. Association of Polynucleotide Chains

1. Associated (e.g., H-bonded) chains, or bases within chains; are indicated by a center dot
(not a hyphen or a plus sign) separating the complete names or symbols, e.g.:
poly(A) - poly(U)  or A, - Uy
poly(A) - 2 poly(U) or Ay 2Un ’
poly(dA-dC) - polydG-dT)  or  (dA-dC) - (dG-dT)m.

2. Nonassociated chains are separated by the plus sign, e.g.:

2[poly(A) - poly(U)] — poly(A) - 2 poly(U) + poly(A)
or  2|Aa * Un] = A - 2Uy + A,

3. Unspecified or unknown association is expressed by a c (again ing “un-
known”) between the completely specified chains.

Note: In all cases, each chain is completely specified in one or the other of the two systems
described in 11-4 above.

IV. Natural Nucleic Acids

RNA ribonucleic acid or ribonucleate .

DNA deoxyribonucleic acid or deoxyribonucleate
mRNA; rRNA; nRNA messenger RNA; ribosomal RNA; nuclear RNA
hnRNA heterogeneous nuclear RNA

D-RNA; ¢cRNA “DNA-like” RNA; complementary RNA
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mtDNA mitochondrial DNA
tRNA transfer (or acceptor or amino-acid-accepting) RNA; replaces sRNA,
which is not to be used for any purpose
aminoacyl-tRNA “charged” tRNA (i.e., tRNA's carrying aminoacyl residues); may be
abbreviated to AA-tRNA
alanine tRNA or tRNA normally capable of accepting alanine, to form
tRNAM etc. alanyl-tRNA, etc.
alanyl-tRNA or The same, with alany! residue covalently attached.
alanyl-tRNAA® [Note: Met = formylmethionyl; hence tRNA™ | identical

with tRNAMe!)
Isoacceptors are indicated by appropriate subscripts, i.e., tRNAM®, tRNAM2 etc.

V. Miscellaneous Abbreviations

P, PP, inorganic orthophosphate, pyrophosphate
RNase, DNase ribonuclease, deoxyribonuclease
twm (not T,) melting temperature (°C) R

Others listed in Table IT of Reference 1 may also be used without definition. No others,
with or without definition, are used unless, in the opinion of the editor, they increase the ease of
reading,

Enzymes

In naming enzymes, the 1984 gecommendations of the 1UB Commission on Biochemical
Nomenclature (4) are followed as far as possible. At first mention, each enzyme is described
cither by its systematic name or by the equation for the reaction catalyzed or by the recom-
mended trivial name, followed by its EC number in parentheses. Thereafter, a trivial name may
be used. Enzyme names are not to be abbreviated except when the substrate has an approved
abbreviation (e.g., ATPase, but not LDH, is acceptable).

REFERENCES

1. JBC 241, 527 (1966); Bchem 5, 1445 (1966); BJ 101, 1 (1966); ABB 115, 1 (1966), 129, 1
(1969); and elsewhere. t
. kJB 15, 203 (1970); /BC 245, 5171 (1970); fMB 55, 299 (1971): and elsewhere. { .
3. “Handbook of Biochemistry” (G. F: , ed.), 3rd ed. Chemical Rubber Co., Cleveland,
Ohio, 1970, 1975, Nucleic Acids, Vols. 1 and 11, pp. 3-59.
4. “‘Enzyme Nomenclature’* [Recommendations (1984) of the Nomenclature Committee of the
IUB]. Academic Press, New York, 1984.
5. "Nomenclature of Synthetic Polypeptides,” BC 247, 323 (1972); Biopolymers 11, 321
(1972); and elsewhere.
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Journals Abbreviations used
Annu. Rev. Biochem. ARB
Annu. Rev. Genet. ARGen
Arch. Biochem. Biophys. ABB
Biochem. Biophys. Res. Commun. . BBRC
Biochemistry . Bchem
Biochem. J. Bj
Biochim. Biophys. Acta BBA

Cold Spring Harbor CSH



xii

Cold Spring Harbor Lab.

Cold Spring Harbor Symp. Quant. Biol.

Eur. J. Biochem.

Fed. Proc.

Hoppe-Seyler's Z. physiol. Chem.
J. Amer. Chem. Soc.

J. Bacteriol.’

J. Biol. Chem.

J. Chem. Soc.

J. Mol. Biol.

J. Nat. Cancer Inst.

Mol. Cell. Biol.

Mol. Cell. Biochem.

Mol. Gen. Genet.

Nature, New Biology

Nucleic Acid Research

Proc. Nat. Acad. Sci. U.S.

Proc. Soc. Exp. Biol. Med.

Progr. Nucl. Acid. Res. Mol. Biol.

ABBREVIATIONS AND SYMBOLS

CSHLab
CSHSOQB
EJB

FP
ZpChem
JACS

J. Bact.
JBC

JCS

JMB

JNCI
MCBiol
MCBchem
MGG
Nature NB
NARes J
PNAS
PSEBM
This Series



Some Articles Planned for Future Volumes

DNA demercse
F. ]J. BoLLuMm

The Structural and Functional Basis of Collagen Gene Diversity
P. BORNSTEIN

UV-induced Crosslinks in Nucleoprotein Structure Investigations
E. I. Bunowsky '

Hormonally Regulated Eukaryotic Genes
R. W. HansoN

Translational Control in Eukaryotic Protein Synthesis

J. W. B. HE«sHEY

Messenger RNA Capping Enzymes from Eukaryofic Cells
Y. Kaziro

Foreign Gene Expression in Plant Cells

P. F. LurQuin

Translocation of mRNA

W. £. G. MULLER

Structure aind Organization of the Genome of Mycoplasma coyrolum
S. Osawa

Intermediotes in Homologous Recombination Promoted by recA Protein
CuaRLES RapDING

Oligonucleotide-Directed Site-Specific Mutagenesis
U. L. RAJBHANDARY

Early Signals and Molecular Steps in the Mitogenic Response
E. RozENGURT

Chioroplast DNA Genes: Structure and Transcription
K. K. TEwARI

Damage to Mammalian DNA by lonizing Radiation

J. F. Warp

xiii



. Contents

ABBREVIATIONS AND SYMBOLS .« 00t et tverunennnaneannaesnssneiossseesaennanss

SOME ARTICLES PLANNED FOR FUTURE VOLUMES. ........ooiiiiiiienenennnnnns

Expression of Plasmid-Coded Mutant Ribosomal RNA in
E. coli: Choice of Plasmid Vectors and Gene
Expression Systems

Rolf Steen, David K. Jemiolo, Richard H. Skinner,
John J. Dunn, and Albert E. Dahlberg

1. Expression of Mutant Ribosomal RNA from Wild-Type Promoters, Pl
YT I 2P ST

II. Expression of Mutant Ribosomal RNA from Plasmids with lnduuble
PIOMOLEIS . o\ oottt e e e e i e
II1. Specific Labeling of Cloned rDNAGenes..........................
IV. Conclusion. ... ..ouitiiiiintii ittt
REfOrEMCeS .\ .ottt ittt et eie ittt it e

The Ubiquitin Pathway for the Degradation of
Intracellular Proteins

Avram Hershko and Aaron Ciechanover

I
II.
1L
Iv.
V.
V1.
VII.

VHI.
IX.
X.
XI.
XII.

Structure of Ubiquitin and of Its Conjugate with Histone .............
Structure and Organization of Ubiquitin Genes .....................
Discovery of the Role of Ubiquitin in Protein Breakdown. ............
Enzymatic Reactions in the Formation of Ubiquitin—Protein Conjugates
Breakdown of Proteins Conjugated with Ubiquitin. ..................
Ubiquitin—Protein Lyases . ........c.ciuiiriiiiiiiiiiirnnnnanns
Recognition of Protein Structure by the Ubiquitin System: Role of the
- AMINO GIOUD . . oottt ittt inieneeicttancenaonassarnanns
Proposed Sequence of Events in the Ubiquitin Proteolytic Patbway
Involvement of tRNA in Ubiquitin-Mediated Protein Breakdown .
Evidence for Ubiquitin-Dependent Proteolysis in Various Cells . ... ...
Possible Roles of Ubiquitin in Histone Mmhﬁmmm .................
Concluding Remarks. . .. ... i i i i it
References . ... ..o i i i et
Addendum ................ e e e e

Al

19
21

&

95



vi CONTENTS

DNA Polymerase-a: Enzymology, Function, Fidelity,
and Mutagenesis

Lawrence A. Loeb, Philip K. Liu, and Michael Fry

I. Identification of DNA Polymerase-a........coouvviveninnnnnennnnn. 58

II. Biochemical Characteristics of DNA Polymerase-a. . ................. 60
III. Auxiliary Activities Associated with DNA Polymerase-a ............. 72
IV. Roles of DNA Polymerase-a in Replication and Repair............... 78
V. Chromosomal Localization of the Gene for DNA Polymerase-ac . ...... . 83
VI. Role of DNA Polymerase-a in the Fidelity of DNA Synthesis ......... 84
VII. Mutants in DNA Polymerase-a .. ...........c.c0 i iiianiiaan... 95
VIII. Prospects for Cloning the Gene for DNA Polymerase-a. . ............. 99

References . ... ..oouune it e e 101

Replication of Superhelical DNAs in Vitro

Kenneth J. Marians, Jonathan S. Minden,
and Camilo Parada

LoInitiation. . ...ttt i i e e 116
IH. Elongation ...........oovii i i, 129
III. Termination and Segregation of Daughter Molecules. .. .............. 131
IV, Conclusions . ....oooinin it it e e e e 137
References .. ...ovi it i e e 138

Aspects of the Growth and Regulohon of the
.Filamentous Phages

Wilder Fulford, Marjorie Russel, and Peter Model

I. The Elements of the f1 Self-Regulatory Circuit ..................... 143
H. The Role of Thioredoxix in Phage Assembly. ....................... 156
III. Concluding Remarks...................... i e 163
References ... ..ot i e et e e 164

Roles of Double-Strand Breaks in Generalized Genetic
Recombination

Franklin W. Stahl

1. The Role of Phage A in Recombinaﬁon Studies ........ s . 169
II. The LyticCycleof Phage A . ...... ... ... ... . iiiiiiivinn.. . 172
L Recombination of Nonreplicated A Chromosomes. ... .....ooveen.... 173



vii

CONTENTS
IV. Recombination by A’s Red System ... .. e e 174
V. E.coli's RecBCPathway ............ ..., 186
VL. Red and RecBC as Models for Meiotic Recombination .......... e 191
References ..............ooiii it S 192

Regulation of Protein Synfhe;is by Phosphorylation of
Ribosomal Protein 56 ond Aminoacyl-tRNA Synthetases

J. A. Traugh and A. M. Pendergast

1. Phosphorylation of Ribosomal Protein 86........................... 196
II. Phosphorylation of Aminoacyl-tRNA Synthetases .................... 210
HI. Coordinate Regulation of Protein Synthesis. ... ..................... 223

References . ... .ovunii i v 225

The Primary DNA Sequence Determines in Vitro
Methylation by Mammalian DNA Methyliransferases

Arthur H. Bolden, Cheryl A. Ward, Carlo M. Nalin,
and Arthur Weissbach

I." Characterization of DNA Methyltransferases...............c......... 232
11. - Methylation of Oligodeoxynucleotides . .. c.........oouveieeenn.... ;236
III. De Novo and Maintenance Methylation Sites . ...................... 239
IV. Inhibitors of Methyltransferases . ...............cccoiuirvenennnnn.. 244
Vo SUMmMATY. . ot e e 249
References ...........coiviiiiiiiiiniiiiniininnn. e 249

The Interferon Genes

Charles Weissmann and Hans Weber

L. Types, Effects, and Properties of Interferons................. e 251

II.  Analysis of the Interferon System by Recombinant DNA Technology... 253
III. The IFN-a@ Genes .. ....uveineriinieriininiiiineeeanis e 255
IV. The IFN-BGenes ............. ettt ieeaseeneh e et e 276
V. TheIFN-yGenes ............coovnunnn... e v 280
VI. The Evolution of the IFN Gene Family. ....................... ... 283
VIL Conclusions . .......oniieniiiiit ittt et eieeaananens 291
References .. .......oouuriiiiiiii i e 293

INDEX .« e e e 303




"Expression of Plasmid-Coded
Mutant Ribosomal RNA in

E. coli: Choice of Plasmid
Vectors and Gene
Expression Systems

RoLr STEEN,*
Davip K. JeMIOLO,*
RicHARD H. SKINNER,*
Joun J. Dunn,T axp
ALBERT E. DAHLBERG*
* Section of Biochemistry
Division of Biology and Medicine
Brown University
Providence, Rhode Island 02912
t Biology Department
Brookhaven National Laboratory
Upton, New York 11973

Rapid advances in the field of molecular genetics have now made
it possible to construct mutations of almost any type in a cloned gene.
. Recently these powerful methods have begun to be applied to cloned
E. coli ribosomal DNA (rDNA) to explore the structure and function of
ribosomal RNAs (rRNA). The rrnB operon of E. coli was initialty
cloned into the multicopy plasmid pBR322 by Noller et al. (1). The
first mutants using this plasmid, pKK3535, were deletions in 16-S and
23-S rRNA (2-4). The plasmid was linearized by digestion with a
restriction enzyme, followed by limited treatment with the exonu-
cléase Bal 31. Subsequently, point mutations have been produced by
bisulfite (5, 6) and ethyl methanesulfonate mutagenesis (7, 8) and by
synthetic oligonucleotide-directed mutagenesis (9).

From this early work, it was apparent that many mutations caused
drastic reductions in cell growth rates (2). In some cases, mutations in
certain regions of the operon could not be cloned, presumably be-
cause the gene product was lethal to the cells. To solve the problem of
studying lethal mutations, we developed or adopted a number of addi-
tional vector systems. The description of these vectors comprises the
first half of this chapter and includes a plasmid with low-copy-number

1

Progress in Nucleic Acid Research Copyright © 1986 by Academic Press, Inc.
and Molecular Biology, Vol. 33 All rights of repraduction in any form reserved.



2 ‘ROLF STEEN ET AL.

and plasmids in which the wild-type promoters for the rrnB! operon,
Pl and P2, are replaced by inducible promoters, either the lambda
promoter, Py, or a T7 late-promoter. These systems have allowed us to
clone otherwise lethal mutations and to study their expression.

A second major problem encountered in the study of ribosomal
RNA mutants has to do with analysis of the mutant rRNA set in the
background of host-coded rRNA. The expression of the rRNA operon
is an involved and complex process. The operon is transcribed as a
long primary transcript containing 16-S, 23-S,.and 5-S rRNA. This
primary transcript must be cleaved, methylated, and bound to 52 dif-
ferent ribosomal proteins for gene expression to be complete. Because
processing involves these many complex steps, which have not been
reproduced in vitro, it is necessary to express the cloned genes in
vivo. This then raises the problem of distinguishing the cloned gene
transcript from wild-type rRNA transcribed from the seven rRNA
operons on the host chromosome. We address this problem in the
second half of this chapter as we describe two procedures that accom-
plish the specific labeling of cloned rRNA genes.

- Different plasmid vectors and expression systems must be used to
answer different questions about rRNA. In what follows, we describe
the advantages and disadvantages of each system as it applies to the

! Glossary:

rmB: A transcriptional unit (operbn) coding for 16-S, 23-S, and 5-S ribosomal RNA
(in that order). Transcription of the rrnB operon is initiated at two promoters (P1 and
P2} located in front of the gene for 16-S and terminated at two terminators (T1 and T2)
located after the gene for 5-S rRNA.

NR1: A 90 kb plasmid described by Taylor and Cohen (13) There are two copies of
the plasmid per chromosome in E. coli. The plasmid confers resistance to chloramphen-
icol and streptomycin.

P1, P2, P.: P1 and P2 are the two natural promoters initiating transcriptlon of the
rmB operon. Py, is a repressible promoter from bacteriophage lambda that replaces P1
and P2 in front of the rrnB operon in plasmid pNO2680 (16).

LacUV3: The lactose operon in E. eoli coding for 8-galactosidase, permease, and
acetylase. This operon is transcribed from an inducible promoter that can be activated
by lactose or iPrSGal (IPTG).

BL21/DE3: A lambda lysogen of E. coll (rgmarif ) in which the prophage carries a
copy of the gene for bacteriophage T7 RNA polymerase under the control of the
LacUV5 promoter.

pEMBLY*: A 4 kb high-copy number plasmid carrying the origin of replication
both for plasmid rephcatlon and for bacterigphage f1. The plasm:d confers resxstance to
ampicillin,

ColE1: A group of plasmids all dgrived from the E. coli plasmnd ColEl.

-C8R603: An E. coli strain (rec, uvr, phr) unable to repair UV-damaged DNA.

HB101: An E. coli strain (rec, str, pro). -

p23S: The precursor of 23-S rRNA. :
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Fic. 1. Plasmid pKK3535 (1).

analysis of the structure and function of tliese large and complex mac-
romolecules, the rRNAs.

I Expression of Mutant Ribosomal RNA from Wild-Type
Promoters, P1 and P2

A. Mutant rRNA Expressed from a High- Copy-Number Plasmid,
pKK3535

The initial phase of our work with ribosomal RNA mutagenesis
employed the plasmid pKK3535 (Fig. 1). This plasmid was con-
structed by Noller et al. (1) as a derivative of the high-copy-number
plasmid pBR322, with the rrnB operon of E. coli inserted at a unique
BamHI restriction site (see Fig. 1). The rmB operon contains two
tandem promoters, P1 and P2. The plasmid-borne operons are under
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pDPT487

pEJMO07

Stut-1

Sal1-72

pBR322.
PKK3636
Stu1-1

Sal1-72

Doubling time (minutes)

Fi16. 2. Doubling times of E. coli HB101 strains containing different plasmids. Cell
growth rates were measured as described in 2.

stringent control (10). Thus the plasmid-bome genes are probably
regulated by the same control mechanisms as the host rDNA operons.
However, because of the high-copy-number, products from the plas-
mid-bome genes account for a large fraction of the total cellular pool
of rRNA. Plasmid-coded wild-type transcripts may represent close to
50% of the total rRNA, although the level of plasmid-coded mutant
transcript may be much reduced in some cases due to instability of the
products of the mutant genes (11).

We have constructed a number of deletion mutations in the plas-
mid-bome rimB operon that greatly affect growth rate (2). We have
also identified deletions that have no effect on cell growth (5). Exam-
ples of the former are deletion mutations within 16-S rRNA of 371
bases (Stul-1, between two Stul sites) and of 53 bases (Sall-72, be-
tween two Sall sites). Each of these causes a significant increase in
cell doubling time (see Fig. 2). While we are unsure of the exact
reason(s) for this effect, several possible mechanisms can be cansid-
ered. The most interesting possibility involves rRNAs with small de-
letions, such as the 53-base deletion in Sall-72 that may result in an
rRNA product that is impaired in function. It may be assembled into a
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ribosomal subunit defective in one or more of the processes involved
in translation: initiation, elongation, or termination. Large deletion
mutant transcripts may affect cell growth by depleting the cell’s re-
sources to produce totally nonfunctional ribosomes. Additionally,
they may lack binding sites for ribosomal proteins that regulate their
own expression (autogenous regulation, see 12) thus altering the regu-
lation of expression of ribosomal proteins for host-coded rRNA as
well. Translation factors and enzymes involved in rRNA processing
(methylases and RNases) may also be tied up with the nonfunctional
ribosomal particles. The intracellular turmoil produced by these mu-
tants must be considerable! :

In addition to deletion mutants, we have constructed point muta-
tions in plasmid pKK3535 by several techniques, including bisulfite-
induced (5, 6) and oligonucleotide-directed mutagenesis (9). In some
cases the mutants had little or no effect on cell growth, while in other
cases we failed to recover mutant plasmids, presumably because the
products were lethal. For example, in a study of bisulfite-induced
mutations near the 3’ end of 16-S rRNA, mutations were commonly
found in variable regions of the rRNA sequence (e.g., the stem struc-
ture 1409-1191, see Fig. 3), but were rarely isolated in highly con-
served regions around 1400 and 1500 (6) We were also unsuccessful
in producing an oligonucleotide-directed mutation in the mRNA-
binding (Shine-Dalgarno) region of 16-S rRNA in plasmid pKK3535.
A transition involving C to U at position C1538, within the mRNA
binding region, was produced in a cloned fragment in phage M13,
but could not be cloned back into pKK3535. Thus plasmid
pKK3535 has certain limits to its usefulness in the study of rRNA
mutants. While the inability to isolate mutants in certain regions of the
rRNA is informative, it provides only indirect evidence of the func-
tional importance of these regions. .

In some, if not all cases, the lethal or slow-growth phenotype of the
rRNA mutation might be dependent on gene dosage. To determine
this, we have cloned mutants into a low-copy-number plasmid that
contains the E. coli promoters, P1 and P2, and is thus controlled by the
cell, much like pKK3535. Using both this system and pKK3535, we
can test for the dependence of slow growth (or no growth) phenotype
on gene dosage. '

B. Mutant rRNA Expressed from a Low-Copy-Number Plasmid,
pEJM0OO7
‘The plasmid pDPT487 is a derivative of the low-copy-number
plasmid NR1 (13). It carries two genes, chloramphenicol acetyl-
transferase (EC 2.3.1.28) and streptomycin 3"-adenylyltransferase
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F16. 3. Secondary structure of 16-S rRNA (262). )
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(EC 2.7.7.47), which confer antibiotic resistance to cells harboring the
plasmid, and it is maintained at two copies per cell. Although much of
our work with this plasmid is quite recent, it has already been very
" ‘useful in demonstrating the effect of gene dosage of mutant rRNA on
phenotype. Plasmid pDPT487 has a unique BamHI restriction site
that enabled us to clone the entire rrnB aoperon, either with or without
a mutation, directly from pKK3535 in a single step producing plasmid
PEJMO007 (Fig. 4, Jemiolo unpublished data). The plasmid-coded



