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ABSTRACT

In the introduction I have discussed the lac operon and its
control region. Special attention has been paid to the control of
the transcription process. Also briefly discussed are the arabinose
operon,ARNA polymerase, and factors involved in the inftiation and
termin#t&on of transcription,

The experimental studies describe the isolation of temperature
sensitive mutants affecting RNA synthesis. The alt-1 mutation is
shown to make the synthesis of a major class of unstable RNA
temperature-sensitive, Temperatute;sensitivity is also conferred
on the synthesis of ﬁ-gal#étosidase and arabinose-isomerase. This
temperature-sensitivity is ptéb;bly due to a lesion(s) in a single
gene whichrmaps in the small teéidn of the chromosome covered by the
KLF2 episome. The alt—-1 protein appears to be directly involved in
the transcription process and may be able to distinguish between dif;

ferent classes of promoters.
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1. .

PART I

INTRODUCTION

I. The structural genes of the lac operon

There are two proteins directly concerned with lactose cata-
bolism, B-galactosidase (B-gz) and lactose permease (M protein).
There is also a third gene in the operon goding for thiogalactoside

transacetylase.

a, fP-galactosidase (B-gz)

The gene coding P-gz monomer is known as the z gene. It was
shown decisively to code for P-gz by Cohn and Torriani (1952) who
found that missense 3? nutations which did not have any P-gz activity
still produced material which reacted with f-gz antibody. Since then’
a Lac™ mutant has also been described from which P~gz activity could
be recovered following addition of P-gz antibody and this activity
was proportional to the amount of antibody added (Rotman, Celada,
1968).

B=gz is a tetramer made up of four identical subunits each of
133,000 daltons (Craven, Anfinsen, Steers, 1963). The active tetra-
mer cleaves lactose at the 1,4, linkage to yield glucose and galactose.
It aiso changes the 1,4 linkage to a 1,6, linkage to give allolactose

the real inducer of the lac operon (Jobe, Bourgeois, 1972a).

b. Lactose permease

Barly studies on the lactose system revealed a class of
mutants which, while they still produced wild typelevels of P-gz in

response to a gratuitous inducer isopropylthio-f-Degalactoside (IPIG),
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were stiu pheﬁéi&éie'auihc-'. | .Theée Maﬁs ﬁefe‘ shown to be duie’
to a dcfeet in an 1mme peneue which napped . cleae to the z aexm
:Lm iif: crosses (Rickeaberg, cnnen. Buttin, Monod, 1956), '
| ' The hctoae ‘permease. ot e (ne-btme associated) protein
| was shown to be tiw product of the y gene in several ways. B-D-
gllactmyl-&athio-ﬂ-b-guactosida (TDG) (uhich fas a spec:lfic affinity
for 'n' pmtain) bxndins ;ctivity cwld not be detected in x ceua
(Rickenberg at gt 81, 1956), - A class af mtm«za, not & ; was obta.ined
nhich wete unablc to hydrozyae otthon&tzophmyz-ﬁab-gahetoside (mm
a nubatuta for ﬁ!-gz) at bigh tewpersture (42°C}. This property was
o explaim by the aiaemew that at 43¢ r:: they were umbla to accmute
- many gazmtw&des. Puzummore, zin vitro studies sme& that thase _
 strains have xesfnﬂs which map ciese to the z sem md ptoducc
pmmtn whmsa binding of m ia tompeutuu-smuive. (Bm. cuter.
'_’xmedy, 1967). | | |
Finally Jma am Kemw&y {.wao) showed that a&uins mw.a, )

d:&plom ma trimoid for the y im bww Wﬂiam mounta of m -

g ..;am a&sa that pmpomimul ammta a:e' m b&mﬁng W prowm cwm

be szmmeé £ron the menbrane. o |
'rhe munuge& of hnﬂag " spacsﬂc 136&0&!&15 trmmt pro- |
' tein far cmcentutinn utmiitgs imida & ecu efe obvieua. : xt is
mcb ma efﬁcient to medact »sma matema eniy when they ua ‘_ :

_. specifically neeéed, but it dau wmn ‘* wut&x.- If’ them is no
Vt:maport ?toteiﬁ present Mare inductioa. m can the nehboute be
 cazried into the cell to activatc indut:lon? Theu uu at lust tw. ,- .
| poaaibxe mﬁaxs wntch resolve tma madox. Pimﬂy the . tzms:ozt

_pmtein cou..d be p:oduced oanstitutivaw a& & iﬂii iewi 80 that theﬂ
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is always enough transport of the metabolite to pernit induction.

The uninduced level of 'M' protein must be very low as the uninduced
level of P-gz, the first gene inm the operon, is 1/1000 of the fully
induced leval. Whether this level it sble to transport enough lace
t;)ae to permit induction is not known. Secondly, there could be a
generalised transport cystem which works with low efficiency but
carries enough metabolite into the cell to permit induction. This
may be a function of the phosphotransferase system, (Kundig, Ghosh,
Roseman, 1964) a possibility which is supported by its effects on in-
ducer exclusion (See 1, V, a)

The molecular weight of the lactose permease has been
estimated as 31,000 daltons (Jones, Kennedy, 1969) and 29,000 daltons
(Guthrie, Pardee, 1969) but as many proteins dissociate into subuni ts
on sodium dodecyl sutphate treatment this may only be the weight of a
subunit of the £ tﬁtcuonal wmolecule.

The discovery of a second transport system for melibiose
which was distinct from the 1lac system (Prastidge, Pud‘ge., 1963) led
to the development of m' easy mathod for distinguishing between x~
and y mutstions. The melibiose transport system is tempersture~
sensitive in B, coli K12 and so does not function at 42°C. Both s~
and y~ are Lac” but the x~ (unless it is strongly polar) can stiil
sccunulate lactose and or melibiose. The 3" atrain can grow on meli-
biose at both 30°C and 42°¢C as it can sccumulate melibiose at 42°C
using the y gene product. The y strain can grow on melibiose at
30°C but not at 42°C since at 42°C it will have no active melibiose

permease or lactose permease.
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c. Thiogalactoside t:msacetzhse

The third structural gene of the lac operon, the a gene,
codes for the enzyme thiogalactoside transacetylase. No function
for this enzyme in lactose metabolism has been found nor is it in-
volved in the accumulation of galactosides, (Fox, 1966). Despite
the lack of obvious function for this enzyme it has proved very useful
in the study of catabolite repression and polarity effects in the lac
eystem,

Definite proof that the a gene codes for transacetylase was
obtained with the isolation of deletions which removed a but not g or
Y. Zabin, Kepes and Monod,(1962) also showed that the product of a
gene which mapped close to y was inducible with IPTG and could ace-

tylate s number of substrates,

I11. The ggrm model and its control elements

The operom model was first proposed by Jacod and Monod (1961)
to explain co-ordinate induction of P-gx and transacetylase. Poor
inducers allowed only low levels of both ensymes while with good in-
ducers high levels of both enxymes were obtained. Jacob and Monod
(1965) on evidence from Hfr crosses and Fox (1966) from deletion
analysis proposed that the structural genes were contiguous and trans-
cribed as a single unit in the order z y a.(Jacob, Monod (a6}

At the same time as they proposed the operon model Jacob and
Monod also predicted the need for a repressor molecule to control the
expression of the structural genes of an operon. How this repressor
is made and functions has been the subject of intensive study which
is dealt with in sections (1,II,b,c,d; 1,III,a,b,c,). At the moment

I will just give the current status of the lac operon and its control



3.

reagion

#

-
-
-
-

-lpw

i is the gene coding for the represecor, 2 is the prowoter region, [}

-

the operator region, gz y & are the structursl geres.

s. The regulatory region

The regulatory region is gesponsible fogp controlling the ex-
pression of the structurel genes. It is so far known to have three
parts, the i gene which codes for the repressor, the promoter reglon
which interacts with HNA polymerase holoenzyme (1,Y1X,a) and other
factors (1,VII,g) snd the operator region which interacts with the

repressor (1,IXXa,c).

b. 7The i gene
The i gene has its own promoter which presumabdly works with

low efficiency. Repression is only slowly established on the intro-
duction of an 4* gene into an 1~ Wackground, which is indicative of
slow repressor synthesis, (Pardee, Jacob, Monod, 1939) giving 510
¥eprosgor molecules per gene copy (Muller-Hill, Crapo, Gilbert, 1068),
There is & transcriptional stop signal nf the end of the i gene which
is resd in the same direction as the structural genes (Miller,
Reznikoft, Ippen, Signer, Beckwith, 1970) (see section 1,11,¢).
Strains producing a temperature-sensitive Tepressor have been isolated
(Horiuchi, Yasami, 1966) and suppressible smber 1" steains have also
been {szolated (Bouggeols, 1963; Muller-Hill, 1966). TYhe repressor
is alsost certainly completely protein and contalns little, if any,
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vnuclcie acia (nigga. Suguki, Bmgmts, 1@?0‘}. _ :
The tepmnaos acts in trans and nust ehercfm m cmalmme

as is shown in diploid utudim in thet an 3'/8° .mm s Lue™ mduubm

(Pardeo et et a1, mso). | |

In addition to the i~ sutations discussed above the & gene
can yiem other mutations a&’ cmsux :lm;m'tmw w our tmderstandina
ef xemswr action. | '

Twoonon inducidle mutations tesmed i fat_ﬁxmuj repressor
have been degcribed (Witaon M,f 1964), _ 'X’lwy‘ code for s' :epfeééw
 with s much reduced &ff:inﬁw for VIO but the same ufﬂn&ty for
 operstor IHA (Buurgwﬂs, J&be, zm). Repressor Mintexmtium “
ate discussed in aectian 3 IZI,n,c). T
ﬂ . ,
' Mutents Rave been isolated wmm aze mtﬂmuwiy Lae”

kv even m a d&pioid stuin mlth an i ﬁn teans, mu amtitinm au

mp au: ﬁm N ﬁ«:ﬂna& end af the i. gene ﬁpfm, 16?2? m hsva been '~ o

: eanw .L. 85 they ate &n&mﬁ m-m Wsztie« are Mgmm
in section 4,14, | - 5 :

A atu&n naiah gm tm tmaa amc repsma than wiw |
B _tyw bas been mmw am called if‘% (Mulles-Hils gg__g_‘, 1968), ux!
o mxm ma Aac operon, 1970} has mmm an £ ‘which aakes fmy

@ims mc :epremr than wim tm muu two mnﬁm Mekabxv
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| affect the i gene premoter petnifting more ei’ficient initaﬂon otf
ttwcriptian. _ |

St’:a;lna 'contain:lng-' the gﬁ mutation hive been used to estabiish
| that ﬂig i gene is read m:ﬁhé same dizection as the structural genes.
A strain containing both 52 and Li (which deletes the transcriptional
: siop signal at the end of the' i gene ami éé aliows gead thmughﬁ'fram |
~the 1 séne) ﬁmdpcca ﬁere"épgé than a‘étrain' ce‘ntaining' L1 alone
- (Miller, sinne}au;u,'neciﬁun,v 1968). |
' o J’obe and ergeois (1973) have &aéhted s stnin which pra- |
ducea a fepreswt wbich hu a fcrtye—fom gzuter aff:in&ty for lac
opemiot mA. ' mss repnsaos eou.‘l.d prove usefu:l in sequenc&ng

opérator DNA,

‘ Tha dominanee effact of the 1 mtatians can be explained B
by m«:kins the tettaueric stmctum of the fuactionax repressor. ln o
an 14& ﬁpioid strain uost Gf tha repressoz tetraners wiil contain -

u})

at least tvm i aubtmita wh&ch win :mwet the afﬂnity of the whele o

‘tf‘ettmrkfof bperatoz m m sa‘-the,a_itnin will remain F . This -
model pradiets that an 1% 1'?’3@:3&1;, .-in wﬁiéﬁ'ihez&aze ten, i* sub~
imits, will have tatrwess ma:lnly cemposed of 1 autmniﬁs md will be. -
.i . smnnh an L{___ dipxaid ahould be uninducidle duz to each -

tetranes cbntaiﬂim at least m £ subunits but an iQ/i diploid will

be inducibie, 'fhete sfzﬂsns nm been constmcted by bfenet-ﬂiu,

 crapo and Giibett cma) and 3iv¢ e:u p:easetea msum.

Cy ‘
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The. ptmz‘n £a fh;t paxt of the Dm of the centmz :egim.
to which RNMA polymesase ao&mzyma binds to give correct hitiationf
| of transceiption, Th& nature of thia binding predicts two clasaes o
of promoter mtntions. One pmduces : reductzton in ttmcription
| "fby inmbit:lng binding and one 1mmasea waﬂactiptim by hwteasing
RM polynezasc 5&:14&;:5

_ _ !muuons nf tb:le clus weu isolatad by Scaife and Beckwith ' _
; (1966) md uuea L&, is amt z.av. ' mpping nt’ them mtatiemo agatmtt ;
vsupﬂcaed dexaticm ubiﬁn skretched £from the operator. intu the i gens
. lp&uced ﬂsc prmter betmnn the opemtez md z. Lntct work showed - 5
| these supwnw deleftians to %w double o i poiut mtaﬂona and so ) ) |

tMa p&aeJ.ng M tm ptﬁﬂwttt ccmld he nrong ﬁapping M ﬂwae pru- L

o mtu mnmtims aauinat deutim coming inm the uguznezy tegim '

 from the stmemal genes placed the Pprosoter between the operator and

the 4 gene <muer, Ippm, Scaife, Beekuith, 1%8) (Ippcn, Miuet, o '

‘scn:lfa, Bmmm, e, | S
m 23 prmtet mtaticn in & mﬂ.’l ée:{etion uh:lch renoves

. part of th: promtaz md the mﬂ of the 4 gens, 18 ana 137 ﬁre"

point mtatioas unable to xem.{ne with u. I.i is anly partiuxy

- inducibu, the msmuem Iwex bcins 6O% of tha induced leve1 whﬁeh is

o 2% of und itm &mzuced 3«;1. This :wn induction ratm is thogght o

" to be aue to the pﬂamwum o&* s faulty fepwswm Ls and L37 are

1. hle and produce 6% of wild tm xevcls of ﬁ—»gz when induced. -
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8- Up promoter mutations
An up promoter mutation has been isolated (Silverstone,

Arditti, Magasanik, 1970) by selecting Lac* rovertants of L8 after

UV mutagenesis. It is called UVS and has 507 of wild type f-gs
sctivity in glycerol grown cultures. UVS can be separated froa s,
by P1 transduction, at a very low frequency which suggests that they
are very closely linked, p-gs synthesis in the UVS strain is in-
sensitive to catsbolite repression (section 1,V,b) but this chsracter-
istic is due to the original L3 mutation.

A mutation which increases the expressicn of the lac operon
both in vivo snd in vitro has been described (Chen et _al, 1971) and
called 2_8_. it is not clear whether this is due to an alteration in
the existing promoter or to the insertion of an entirely new promoter

between o and z.

h. Genetic evidence for two zegions in the promoter.

It has been proposed that the promoter comprises two regions
(Beckwith, Grodsicker, Arditti, 1972): one which is opezator distal
and interacts with the crp (s protein involved with the tsanscription
of catabolite sensitive genes) c-AMP (3'S' ¢yclic sdenosine monophos=-
phoric acid) complex and another which is operstor proximal and inter-
acts with RNA polymerase holoenzyme. This conclusion is dzawn from
genetic experiments in which mutations in the two postulated regions
are asparated by yecombination.

4 L8 P uvs
- P

i
i

] T
[ )
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It cap be seen from the above diagram that a nmhlmt'contnning
Li end UV3 can only be obtained if UVS maps outside the region deleted
by L1 and so outside the region interacting with the crp-c-AMP complex,

{. The Blattner and Dbaiberg promoter model

The possidbility of a more complex system for promoter function
has Deen ralsed by work on the phage A by Bisttner and Dilsiberg (1972)
who discovered that there is an untranscribed regiom of about 200 base
ﬁaln intervening between the DNA pblymersse binding site and the base
pair at which transcription begins. The operator appears not o be
tranacribed. This type of model cannot be spplied directiy to the
lac operon since the lac operstor is frmciibcd {section 1,1I, e).

Tha convention of representing DNA as a linear molecule tends
to prejudice thinking about the structure of locslised mgions of DNA.
It is perfectly possible that the l2c promoter region is fémd 80
that regions which on the linesar map appear to be distinct are in
fact closely associated. Blsttner and Dilaiberg (1972) raised this
possibility Hr A. PFolding of the DNA may bring the RRA polymerase
binding site very close to the transcriptional start site so elininating
the drift region as a physical entity.

J. The operator

The operator can be defined in genetic terms as that part of
the control region which can yic:ld constitutive mutants which do not
inactivate the zepressor. bpentnr conatitutive (gﬁ) sutants bind
repressor less efficiently than wild type operaters (Smith, Sddler,
1971).  The operator is DNA (Gilbert, 1967) 030 disc DNA binds re-
pressor 050 wild type DNA does not, repressor bound to 080 dlgc DNA
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can be removed with IPIG,

k. Opesator constitutive mutations

Operator constitutive mutants can be divided infu two cluuea'
by the degree to which they are constitutive. Sadler and Smith (1971)
have proposed On genetic evidence that each class of constitutive
nutation can be said to be doubly degenegate, that is that each class
can be caused by s mutation at one of two points which are placed
sysmetrically with respect to the centre of the operator. This
suggests that the operator is composed of two halves which arge
mirror images, ~ This model has been confirmed (Gilbert - personal
communication) who has sequenced the lac operator and shown it to

have a two-fold symmetry).

1. The opesator sequence

The method used to sesquence the opegator DNA is to transcride
isolated operator DNA into RNA and to sequence the transcript. An
gf_ mutant has also been sequenced and shows a base pair changed from
8 GC to an AT in one of the symnetrical regions,

The technique used in these sequencing studies should make
it possible to elucidate the mechanism of fepressor action and also
to sequence other parts of the control region. This should hclp us
to understand the nature of the promoter interactions with RNA'zio.ly-

merase and the cep-cANP complex.

m. The operator is dhtlnpt from the = gene
Bhorjee, Fowler and Zabin (1969) have shown biochemically

and Rexnikoff and Beckwith (1969) genetically that the operator is
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distinct from the g gens. B;ga wade in & trp lac fusion strain in
wbicb part of the operator is removed has the sane physical properties
as wild type f-gs and it a1s0 has the same threonylmethionine N
terminal sequence. In this strain which is under the control of

the tzp promoter and is not repressed by the lac repressor active
P~gs and transacetylase are made.

Gilbert has shown using UV3 DNA that the operator is trans-
cribed but it is probably not translated as no aabes operator
wutations have been isolated (Bourgeois, 1963) nor do partial deletions
of the operator alter the phyeical properties of B-gz (Bhor jee et al,
1969).

In vitro studies on repressor DNA interactions were not

poosible, because of {ts very low concentration in the cell (O, 002%
per genome of the total protein), until the development of the IPTG
equilibrium dialysis technique (Gilbert, Muller-Hill, 1966)., This
technique depends on the b.tndhg of radioactive IPIG to repressor in
& dislysis sac but as the anount of repressor in wild type cells is
very low a blind partial purification is necessary. To improve the
chance of detecting IPTG binding a mutant called £ was isolated, it
was isolated as being inducible by & low concentration of IPIG and
binds IPTG more tightly than wild type repressor. In the assay an
aliquot of an smmonium mlphnﬁ fraction is dialysed against a solution
of radioactive IPIG and a fraction which binds IPTG 4s detected in the
dialysis ssc. This masterial was identified as a protein. It could
not be detected in g:gg‘or ;.g.: cell extracts, (g gepressor binds IPTG



less firaly thm'"'wﬂd type téwaakw (Jéhﬁ, Rigaé, Bourgeois, 1971),
With the imuﬁon of the &Q and 4 ° Q sutations it is now
possible to isolste 1&:3« qumﬂﬁm of npzessoz. When the i Q
mtaﬂm is put efatb s ghage it is poss&bla to get & cell to pwﬁucﬁ
one thousand ﬁnﬂ more gepressor than wild type ceno, (2.5% of the
total wateﬁn) 4nd a yield of several grammes per ulogrm of ceua is
Mble. Riggs and co-workers (Riggs, Bourgeois, 1968) (Riggs,
_Bmwgmi&, Nﬁb’y, Cobn, 1968) have deuwped ‘the upmamt‘ iaalatien
‘technique, by p:ecipltaﬁns the zemessot with mtibody, amnd abtm
gepressor which is  such puser than the Gilbert, mmg:min prepasation. -

a. Rgpressor DHA |

| ia vitro sssaye using uitmcexmlom iuﬁez: bind&ns (Mgga et
, g_, mm (Mgga, wnmkﬁ, Hmmm, 1%9) bave #hown the asswiamm
R .matmt qi” zepressor and umnmt to be very fuat: and thc a.ieseaisticm
| constant ec be slow mxm g:tma 8 mm'wmx mﬂton aewux half .ufe
: nﬂ‘ abmt 39 nimtes. | 'i‘m mmm is desmdeut m the puunee of
.-_‘515 um. Emrimt& usins dilste aomtim of rmpﬁasmt m& zma
' 'auggeat that the tm taken for the reprecsor to find the opetatcr w
by diffusim is not sate xiasiﬂag and it asy be possible that the m—- -
pressor bm to tne phosphate Mbone of the ONA and then travels
along tht ma m&il it finds tae mﬂt@: ﬁﬁem it bisds ﬂmiy {un
--Riggﬁ, 1972). Thiz mml s msible as expcumtn am that if
| _Hg m a.xe mmnﬁ fm ﬁm reaction mture genersl binding of _
» :epte&sm to DNA mka the binding repreaset o opsgator DNA (mxbm.._ o
© Mllesaun, mm}. | |
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‘ Emgcqig_éf wild type g: ‘strains can be placed in an unamdi.
guous order of efficiency from IPTG the beat, to melibiose the worst.
Bourgeois and Jobe (1070) have isolated a series of 5: strains which
can be uxmgnd uithcmt exception in an hierarchy in t!mt any one that
is not induced by a gshctcsigxe high on the 145t can never be induced
By a sunémide lower on the unt.. This rigid order relating ail
‘the _i,fi_ strains to the gfﬁciancy of the inducer shows thet the repressor
recoknizen the M«r; »_'r&y also showed that except in one case the
_repressos operator binding. :mf haif IMQ were the same ss wild type
muesténg that mcrany the zeprumz “of A mutations does nat have
an altered afﬂnuy for mratm DNA.  1PIG not only interacts with
free sepressor but slso mtie:scts with upﬁum operator couplexes,
uéucm the half tife of fﬁn'c&iﬁlﬂés (Mm. Bouggaeois, 1969). In
gmul the & nntatiaas show & similar ﬂsma to m when boum to
ope:atm: DHA but s himr cmentuucn ef TS s xmeded to pmmg |
| ’dissuhthm of zewamr omata: cmuxe;. ‘

The f‘f"“‘ repressor producing straio ahows an sﬁisaqax; -imcﬂon |

"p&ttm. It is pagtially cﬁsﬁtgﬁve .umﬁw 2% of im;waa *tﬂg_}m_ L “

aﬁtivify._ The constitutive activity is ‘repﬁuéd‘,w Iow levels of L
IPTG but i&*iﬁdﬁﬂd by 'Bigix concentrations of PG to a saxitus 1@*#@_
of‘ a% of wnd tm sctivity. "A'waimt Tm:lmﬂm f'an thiain— o
ductien pattern invokes the tetsmeric structuze nf the mwuuz _
moleculs, ’i'la tepmw aumta of the i. 6 5m cmm be distorted
in such a way that it tas & :m«s .fﬁmty for DNA with & resultent



low level of constitutivety of the lac operon. Addition of low
levels of IPTG gould restore some of the subunits to their functional
ct':nfornat.ion with a concurrent effect on the other subunits in the
tetramer giving a fetuuer which has one or two IPIG molecules bound
to it and is fully active as a repressor. Addition of a higher
concentration of IPTG could give a low level of induction as one
would expect from a8 repressor with an increased affinity for operator

DNA,

d. Lactose is an anti-inducer

Jobe ‘and Bourgeois (1973) have shown that lactose galactose
and ONPF (ortho nitrophenyleBeDefucoside) are anti-inducess of the lac
operon. The anti-induction of the "lac operon by lactose is not due
to catabolite repression by the glucose derived from the splitting -nf’
1§ctou nor 'by inducer excliusion (section 1,V,s). Lactose acts on
the npuasoi operator complex slowing down the dissociation of the
conpxex.ﬂvc-foid. It aleo competes with the inducers allolactose
and IPTG for the repressor operator complex thereby reducing the ef-}

ficiency with which the inducer can remove the repressor from the

operator.

" Two models have been proposed for represscr action, The
bound repressor prevents po;yun‘:u from binding to the promotor or
bound repressor prevents bomd polymerase transcribing., Which of
these models is correct is still not clear as Eron and Block (1971)
Say that bound repressor prevents binding of the polymezase and ot

the crp-cAMP complex, Chen et al (1971) say that they can get



' -rifanpicin :esistant ccmpuxes in the preaence of rmcssﬁr which

 means that ﬂte pelmuss ﬂmt be bomd to the DNA,

The inhibition of a-galactosidue formation by glucose was
-first ebsamd by Mmod (1947, | Glucose has since been found to
"aft‘ect the expression of many othet catabolic enamsz ~ lac permease,
: gaiactckinme, glycemkimse, L nngycarop!fmphata pemuae, ensyme II .
for f‘mtose of the phnsphotnmfeu se nysten, Legrabinose pemue. _
tryptophanase, n-ngzm deaninase and thymidine phosphorylase (de
crd‘abmghe' "ei. &1, 1969) and probably generaily affects th@ synthesis
of ca“m.tic enzymes. - o
| |  Experiments by Bpgtein, Naono and Gros (1@66) s!mted thtt
when ﬂ. coli naa grown in 8 nﬁ.xtute of glucose (0.4 mg/al) tnd Mntaw
(a ag/ul) no ﬁagulactosﬁaase was synthesised untﬂ the auppxy of #lu-
,eou Was ethattd. 'ruan was then a &ag pefriod in seowtia duxmg

'  which ﬁ-;a;actwidaae was eynemuaad very tapialy aftu which growth

' »'temd at a smﬁet rata nitlx a paunel ;arodawtim of 5~ga1mtmmuu.’_ o

a. _Induca xclus | g o

“ _ cnrk m Mase (1964) attr&buted the sz.ncoae eff-ct to s B
glucoseuinauced incmne in the amount or umivity of the ine tep:en-_ |
jso: thgrehy Mec&iag the production o! Iac xnmesse. There h no |

" direct avidence; to suppost Clark am Mw's propmitim. Golm m_ '

: iﬂor.ibata (1959} huve shmn that g.’tucasg has uttle effect 1aa ine
ducer tﬁethy&-ﬁ-nathiogalactmide ™). upnke by the iac pemaee.
Rdi!mez, Xepes (1960) m shm that glucoae stttmgly inhibita nptakcl

.. not mediated by the lac permease. Thus the glucoss csz_eat could, at
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ieast ‘in par‘;,‘zbé attiibuted to its effacf oﬁ ﬁ‘:'pe:meat:ioﬁ s?ﬁfém' :lno -
dependent of ‘the z gene pxodm:t. Pastan and. Perliman (1969) and ‘iKabak
':- _' (1.969) have obaetved that glucOse-hphosphate, which is a product of

: the phosphotransferase system (Kundig, Ghosh, Roseman, 1964) inhibits
the uptake of galactose, fmctose and lactoge suggesting that this

| system may %e involved in primaxy lactose uptake. _
| ‘ The mst Iikely explanation for :lnducer exclusion is that it
| acts at the leve.t of tha phospbottnnsferaae syatem and thnt thin
aystem is uud for only a brief period in lactme transport. This
glucose sens:lti.va syatem msy serve to prime lac operon induction,
| g:lving a level of J.ac permease sufficient to provide fuli, 1nduci;iem

of ‘the y gene pesaease.

b szieht and. e'ﬁtabonte repression

When ceua grm in glycezol md the preseﬂce of. an inducez
}Inot subject to exclus ion (IPTG) are cxposed to 10 o giuaose, ehere
is a mmplete cesaation of P=g2z synthesis for up to half a geﬁetatim
- (Moses,. vaost, 1966), tha cverau growth rate dux*ing thia pefiod is

( ) alightly increaaed s0 the effect is not due any werali :lmﬁbition of

o ptotein synthesis‘ th&s wphenemenon is known as transieat ,“? ‘Treasicn.

After the pericd a‘; trmsient tepression Begz aynthesis ‘restarts but
at' a tata lmez than the psa—-gxncose rate, this :I.s atffibuted to -

' catabolita tevression. . Makman and Sutherlam (1965) fmmd that

. ‘shmrtly aﬂzer tha additim of gxueose to glycorol grm cens there 13
' level

& :ap:ld drop :ln the int:acenular/af ¢AMP and that during catabolite
upresaion the cAMP level is lower than in glchﬂ)l grm cens.

ongenous additioﬂ of cAMP wu:sea both transient and catabelita re-
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duced 80 that s'.t can reepom tapidly to- envimnmentai changea. ; _'fhe ‘ |
lac system shows all these chngactcﬁstim, it is econantcu in that
.'only one protein preduced at a low levci is needfzd for mmt off of

- the entire ope:on, it is efﬁcient in that the besal level of euzyme N
p:oductim is cnly 1/1000 of fuuy induced level, and inducet response .
is tapid in that maximal rate of gnzyme synthesis ia :eached in a faw
m.{nutes. ‘i‘he basal 1eve1 of enzyme eyatheais is probab!.y neceeaary
- _»fo: rapm inductien as the teal induces is auﬁlactoae, thctefore a
tow 1eve1 of 5~gs&actesi&we in tlw cen, at an times, ia rcquh:ed
to cenvext the substratc hctwe to ‘the inducet allolgctose befoze .

'maximm 1ndu;tion can occur,

" "rhe need'for_avaemnd ccnt:olws stem |

The negative oontrol. system vmile being vety efficﬁ.ent does :
not qucm for the pmaencn, at thc na.me timc a8 lactose. of a less |
complex substrate auch as gmcoae. '!‘he cﬂntml of syntheais of the
J.ac enzymea in the presence of sub#ttatea snch s glueaae is eonttoued
- by two qtiw: _aystema_, ‘inducer exclusion ax;d catabolite ‘ampresston |
(aections 1,V,s .md;‘l.v,b). Control by catabolite repzession is by -

the c:p-—amp system which is 8 positive contml system.
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VI. The Arabinose Operon

Control of expression of the ara operon is in some ways
similar to the lac system. It &s a repressor which binds to the
operator but the mechanism of induction is dif ferent. Tﬁe crp~-cAMP
complex is required for maximum expression of the operon. The
.opem is susceptidble to transient and catabolite repression which
are relieved by cAMP,

The main difference between the lac and ara control systems
is the dual functions of the ara C protein as proposed by Engelsberg,
Sheppard, Squires, Meronk, (1969). Below is a diutuiatic represent~
ation of the scheme they proposed.

Direction of transcription

6—-—-—-—-—.
D A X B ) ¢ 0 C
L L) L) 1 ) | -< AJ & v .
/ \_E Pl(repressor)
L-arabinose ] l‘

P2(activator)
D, A and B are the structuzal genes. o
1 is the site of initistion of iranscription which binds the poly;
merase, crp-cAMP complex and the activator P2, O is the operator
which binds the repressor Pl and is analogous to the lac operator.
C is the gene coding for the ara C protein in a limited way analogous
to the i gene of lac. |

Isolation of ara C” mutations of both deletion (Sheppard,
Engelsberg, 1967) and nonsense classes (Irr, Engelsberg, 1967) which
were negative for the expiession of all the structural genes, and

therefore necessary for gene expression, led to the proposition that
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the ara C protein has a positive control function. This makes it
quite unlike the ggg_:ep:eéso: which has only a negative control
function so that i~ strains are constitutively Loc’. While the ara
€ gene product has a positive control function it also has a negative
coﬁtrol function in which it binds to the operator and prevents
transcription, Bngelsberg, Squires, Meronk, (1969) have domonst:éted
in diploid studies that an ggg_g:.genr trans to a deletion of ara C,
that does not remove a site which they postulate is an operator,
stimulates arabinose isomerase production two-fold., An ggg_g: trans
to’pn Ara C deletion encompassing the postulated site stimulates ara-
binose isomerase synthesis thirty-five-fold. As these expeciments
were performed in the absence of tnducet; they show that the ara C
protein has a repressor activity as well as a étimul;toty activity.
‘These experiments also show the order of the control region to de
10C in that it is posasible to delete O with a deletion running in
from the C gene and without affecting I.

It also seems probzble that for complete induction of the
arabinose operon the absence of the C gene product in its repressor
form (P1) is necessary. Mutations in the ara C gene (called c®) nave
been isolated ia which expressianrof the operon is constitutive, that
is independent of inducer (Engelsberg, Izr, Power, Lee,1965). Ina
diploid strain g:(g:,ﬁg: is dominant in uninduced cultures suggesting
that binding of the é:lgene,p:oduct £nh£bits expression of the ara
genes unier the positive control of the g:.gene product. It is
formally possible that this effect is due to subunit mixing of the
12/17 type in the lac system but the model in which P1 bound to the

operator inhibits the action of the activator is more attractive.



23,

‘ f'visiduction occurs in the g:gb_igoae si’stem _ﬁy ‘the inducer
shifting the .equiiibﬂum_b:etﬁaen P1 and ?_3 ‘largely towards the P2

" activator form.
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The ttansfer of infotmation from DNA mnto protein 1nvolves
two major processes, transcription and translation. Transcription
| is the ptocess by which RNA moIecules which are an exaet copy of the
ﬁNA base sequence is made, they can be copies of single genes or
 entire operons, Tganslation is the process by which the information
in the RNA transcript is converted into the amino acid sequence of
| the protein, Transcr;ytion is catnlysed by an enzyme DNA dependent

RSA polymerase.

2. 'Stsucture of RNA

‘ Kighly purifleﬂ RNA polyme:aae contains aevetal diffetent
| polypeptides named, B p, 2 o and W The W subunit is not re-
quired fbn in vitro RNA ayntheais and haa no knuwn function. The |
B enzyme in this form is called holaenzyme, it can diesociate reversibly 2?“

"into core (B ﬁaa) and sigﬂa (a).

b, siggg‘fhctér |

| | Sigma facto: is not necessary for tranacziption as core will |
tmaascribe calf thymua nNA (Burgeas, Travers, Dunn, Bantz, 1969) and |
‘> poly dAT (Berg, Barrett, H!nkle, MeGrath, Chamberlain, 1969). Sigma "E
factor is necessary for carrect in&tiat&en of transcript&on at pzanotet
'sites to uhich haiaenzyme binds more. tightly than does core to DNA in
general-(Laéick, 1672). Sigma factar is required only for eosrect
initiatians, after initiation it is releaaed fromithe enzyme DNA come
plex, and can be rcused Ieaving the core enzyme to extend initiated
RNA ehains (?aavexs, Bﬂtgess, 1970) (Stoningtcn, Pettijohn, 1971).

wa sigma confers this 8pec1f1c$ty for pfomoter eites on the
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holoensyme is not known. One model suggests that signs itself con-

tains information necessary for promoter recognition either as itself

or as part of the holoenzyme or by altering the core ensyme so that

it recognises specific base sequences in the DNA, Another model

suggests that core enxyme itself contains the information for pro-

wmoter recognition end that sigms prevents non promoter bindiu thereby
enhancing the chance of the core enzyme finding a promoter. The

answer to this question could best be gained by isolstion of other

sigua factors (if tihey exist) which confer on the core ensyme specificity.

for promoters other than those specified by sigma,

<. The B subuni

Mutations have been isolated which confer resistance to the
drug rifampicin, these mutations have besn shown to be in the P sud-
unit (Beil, Zillig, 1970), When rifampicin sensitive holoensyme and
DNA are allowed to form a complex in the absence of nuciecoside tnphos;
phates (pre-initiation complex) this complex will make RNA chains if
rifampicin and oucleoside triphosphates are added together. The $
subunit is therefore probably involved in the formation of the DNA
holoenzyms pre-initiation complex. |

d. The B~ subunit |

The §° subunit has been implicated in the primary binding of
holoensyme to DNA as heparim, which competes for DNA binding with
enzyse and can dhp&uyit from DNA, has Deen shewn to dind exclusively
to the §° subunit (Waltes, 2illig, Palm, Puchs, 1067).



e. The o subunit

‘l'he a ssbunit is esseutial for RNA synthesis but no speciﬁe -

o 'p:opezt:lea for it in the t:anscript:lon p:oceas hwe baax ideutuied. '

memr factor ('rravc:s, xamen, Scmeu. 1970) was. oz-iginauy
t!mnght to d&fferemlsuy stimxhte the synmaais of riboseml RNA .

' (:RNA) but it could not be eonsidmd as another aigm iike.factor as

' it neaded oi.gm for its stimlatory act:lvdey. ‘rha pietuw cnnceming
Ur has bewme blurud sinee Haseltme (1972) and Pettijchn (1972) have ;

" shown 1{: to huve 'Y gmnx stimulatory effect on RNA aynthes:la and ean

_ "find no prafezentiaz stimulation of zRNA smtheais.

e ctp fa'ct" '

, saaaitive gems has been discune& enrnet. Sufﬁce it to say hexe SRS

|  that it is uecessm ng w&th ¢..mp for thc m&ml in vitm tran..
- setiption of atl cataboute suasitive geneu tested and uta at a site.

which t:aa be genetuany aepa:atcd f:om the tmioangym binding site 1n‘
'the lac pmmoter {Beckwith, Gtodzieker, A:Mtii. 1-9?2).

The 3__:&_ mf:eia hsa a duaz function, it aéta aa both re-
" pressa: aad activator cf transc:iption 1.vn.

| vsing an in vitro system, Langel’ang and Zubav (1913) have o
N ,ahm that’ ldded am c p:otein can drcumvmt the need for the ctp

cAﬂP compzm £oz &x;_ gene expzessicm. ‘l'he a:a C p:otein tcts, in its

S

m :oxa of the czp fncter i.tx the ttanscripﬂon of eatabaute D



activator form, at the site of initiation of transcription and it is
therefore possible that it could directly substitute for the crp cAMP

complex.

d. The M Factor

A protein has been partially purified from B, coli cells
(Davidson, et al, 1969) which stimulates transcription from T4, 17,
B. coli DNA's but pasticularly from > DNA, It is not a substitute
for sigma as it can stimulate holoensyme saturated with sigma and does
not stimulate core enzyme. M factor sppesrs to stimulate transcription
by interacting with polymessse either by binding to it or modifying it
in some way as ensyme mixed with M factor and then recovered by centti;-

fugation retains its enhanced activity (Davidson et al, 1970).

e. Other factors

Several other factors bave been described dut as they sre
mainly concerned with phage transcription they need not be discussed

here.

VIII Termination of Transcsiption

The presence of transcriptional termination signals has been
demonstrated using deletion strains such as L1 and fusion strains such
as the trp iac fusiéns. In tzp lac fusions which contain the end of
the i gene, granscription starting at the txp promoter does not con-
tinue into the lactose structural genes bdut :lf. the same fusion strain
contains L1 transcription does continue into the lac genes.

It geems 1ixely that termination of transcription noxmally

occurs at the end of an operon. Messenger RNA coxresponding to the
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whole trp operon can be isolated from cells synthesising the tzp bio-
aynthetic enzymes. Whether RNA polymerase alone can terminate RNA
chains at specific sites is not clear dut in vitro experiments using
$80 d lac DNA, holoenzyme, c¢rp protein and cAMP yield RNA molecules
wixich are large and heterogeneous (no apecific teninut!.on). Since
in vitro conditions may not reflect the in yivo situ-tion thete e~

sults mt be interpttted with caution.

a, Temmination Factor

A protein (rho) has been isolated from E, coli (Roberts,

1969) which promotes the production in vitro of RNA molecules of dis~
crete sizos (specific termination) from several tempiate DNA's but as
the in vivo concentration of rho is not known it is difficult to design
in vitro experiments which mimic in vivo conditions.

A series of in vitro experiments using vazious concentrations
of rho (de Crombrugghe, Adhya, Gottesman, Pastan, 1973) using isc and
g8l templates show that with low concentrations of rho (1 pgu/mi)
specific termination at the end of the operons occurs. When the
concentration of rho is raised (8 ugnw/ml) termination at specific sites
within the operons occcurs. Whether this premature termination has any
in vivo significance or is just an artefact produced by the high rho |
concent ration {s not clear. The in vivo function of rho can only de

elucidated with the isolation of rho mutants.

b. Rho Action
Rho promoted termination leads to the release of RNA chains
from the polymerase DNA complex but whether the polymerase is released

is not clear,
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Conflicting reports on whother gho binds to DNA, Hinkley
quoted in Losick's Review (1073) cays it doés not dut Oda and
Takanani (1972) have published electronmicrographs of & ring of six
rho subunits bound to phage fd DNA at a limited number of aites, make
it difficult to choose between models for gho action. One nodel
proposes that gho b:,ﬁ;da to specific asites on DNA thereby proventing
transcription proceding, snother suggests that rho binds to polymagase
conferzing on it the ability to recognise rho termination aignais.
Rho does bind to polymerase (Ninkley, Losick's review, 1972) but
which of the two models 1is cozrect will only be clarified with the

isolation of rho nutanta.



PART 2.
MATERIALS AND METHODS

a. General materials

Oxoid nutrient broth 2 Oxoid No. 2 powder 25g; distilled

water 1 1.
L-broth (Lennox 1955) Difco tryptone 10g; yeast extract

5g3 NaCl 10g; distilled water 1 1, pH 7-2

Minimsl salts X4 (Meynell)  NH, C1 20g; NH, NO, 4g;

Naz 804 8g; !21{1504 12g; KHZPO4 43 Mg‘.SO4 7320 O.4g;

distilled water 1 1,

M63 x 10 (Pardee, Jacob, Monod, 1959) X, HPO M 7083

KH,PO, 0g; (NH,), SO, 20g; FeSO, S mg; distilled

water 1 1,

After autoclaving add MgsoO 4 VHQO 2g.

VB x 20 (Vogel, Bonner, 1956) MgSo 4 7!!20 4g3 citric

acid 40g; K, HPO, 200g; Na NH HPO, 70g; distilled water 1 1.

274 4 4
Buffer KHZPO 4 %; NnZHPO 4 783 NaCl 4g; MgSO 4,’Il~120 0.2g;

distilled water 1 1,

Oxoid nutrient sgar  oxoid NB2 plus Davis New Zealand
agar 12.5 g/1.

Minimal sgar  minimal salts x 4 diluted 1:4 into molten
solution Davis New Zealand agar (20g/1).

Amino scids Made as solu_tion at 2 mg/ml and used at
20ug/nml.

Sugars  Made as 20% solution and used at 0.2%.

Vitamin B,  Made up at 1 mg/ml, used at 10ug/ml.
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Streptomycin (Glaxo) - Made up at 10mg/ml, used at
100pg/ml, '

Spectinonycin (Upjohn) Made up at 10mg/ml, used at
100pg/m. | _
‘Rifampicin (Lepetit S.p.A. Milan) Used at 200ug/mi
for selection of spontaneous rif’ mutants, at all other
times used at 100ug/ml. = Stock solution for plates
made at 100mg/ml in dimethylformamide (DMF) and stored
at -20°C. Solution for experiments in liguid media
made by dissolwing powder in a few drops of DMF and
then diluted to required ooncentration with vortexing
in M63.

c-ANP (Sigma) ‘adexoaine 3' +5' cyclomonophosphoric
acid. Made up at 107M in M63, filter sterilised,

used at 10'%;1.

b. Indicator Media
IMB (Eosin, methylene blue) BB ﬁeptone base (Difco
casguino acids 42.4g; Difco yeast extract 5.2g; NaCl
2783 KZHPO 4 27g3 distilled water 1 1) 75mis; Eosin
(4% so:/hitio'n in H,0) 4mls; methylene blue (0.65%
solution in HzO) 4nls; desired sugar (20%) ‘20!!!18;
Davis New Zealand agar (20g/1) 300 mle.
MacConkey Dif co MacConkey No. 2 base 40g; distilled
water 1 1. After autoclaving add desired sugar 10g/1.
¥g (5 bromo-4-chloro-3-indolyl-f-D-galactoside Cyclo

Chemical) Xg made up at 20mg/ml in dimethylformamide
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and O.8ml added to 400ml bottle supplemented minimal
agar with glucose as carbon source. When inducer
was needed IPIG (isopropyl;-p—D-thiogalactopyrmoside)
was added to a final concentration of 10'321_.

sns agar (methyl methane sulphonate Kodak)

Used for testing for recA” marker.

Oxoid NBZ2 agar plus mms 0.05%. mms added to qool.
agar just before pouring. Plates used same dayr or

next day if stored in refrigerator.

c. Special media

For Pl.lysates and transductions:
1C Bottom agar Tryptone 10g; Yeast extract 5g; -

NaCl Sg3 Difco agar 10g; distilied water 1 1,
Before pouring to each 500ml bottle add LC mix 6.5ml.

IC mix  O.5M CaCl, 20ml; 20% glucose 28 ml; 0.25%

2
thymidine 20mi.
LC Top sgar Same as LC Bottom except Difco agar 7g;

Before use to each 100ml add O.5M CaC1l, 1.0ml.

2
Tzyptone 1% in distilled water.:
Adsorption mediin.  0.03M MgSO 48 0-O15M CaCl, in
distilled water.

Citrated Buffer Buffer with trisodium citrate added
to 5%

Citrated L-broth L=broth with trisodium citrate added

to 1%.
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Trimethopeim (Burrows Wellcome) Used at 200ug/ml
in ox0id NB2 supplemented with thymine 100ug/ml

uemHoDs
8. Sekcélon ot'r-fg; ;I—Le‘d_ij.lm

WZ 32 WZ 25 were grown overnight in oxéid NB2, O.1 ml of
the cultures were plated onto: ninimal srabinose, methionine ll1 plates,
The plates were incubated at 30° for 48 hours. There were approximately
100 revertants per plate which gives s reversion rate of about' 1.3:10"s
per dacterium plated. After purification étn* colonies from four
clones of WZ 22 and one clone of WZ 25 were tested for temperature

sensitivity by plating on oxoid NB2 agar at 30° and 42°,

b. Hfr Matings

Donor and recipient cultures were grown into log phase
(10° cells/ml) in oxoid NB2., 0O.2ml of each culture were mixed and
incubated at the appropriate temperature for the appropriate time.
Controls were set up by mixing O.2m1 of each culture with 0.2ml of
oxoid NB2 which were incubated with the mtiné mixtures, Dilutions
of the mating and control mixtures were made in buffer and O.imi.

plated on selective media,

Co P> matings
8. The same method was used as for Hfy crosses.

b. A late log phase culture of the recipient was streaked

down the middle of the selective piste and allowed to dey in. A
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1éopful of a log phase culture of the donor was then streaked across

the recipient. This method provides its own controls.

d. Pl transductions

The method used was that of Willetts, 1967,

The recipient was grown in L-broth to 40 Klett units (red
filter 660um) approximately 108 cells/ml, The cultures werze spun
down and resuspended in 1/10 volume of 1% teyptone, O.5ml of this
suspension was mixed with 0.5ml adsorption mixture and O.Sml of the
P1 lysate diluted to 3 x 10' pfu/mi in. L-broth. This gives & m.o.i.
of 0,03 and ensures that multiple infections do not occur. Controls
were done omitting phage to check reversion rate of bacterias, omitting
bacteria to check sterility of lysate and omitting both to check
sterility of medis. The mixtures were incubated for 20 minutes at
3_‘I° s Spun down andt washed twice with 5‘& citeated buffer, resuspended
in O.1m1 citzatéd béi’fes and plated on selective medium with citrate
added to 1%. The piates were incubated at ‘the appropriate temper~
ature for 2 days, Later transductions were done using Vogel/Bonner
‘minimal medium, this medium contains citrate and eliminates the need
to add citzate,

When the markez selected was str A ‘or spc it was necessary
to allow time for the expression of the recessive gene (stsA® or
spc®).  Thie was doae by adding the mcubited transduction mixture
to 50mls of 1% citintad L-broth and growing the culture for 4-5 hours..
25m1s of this culture was then spun down, resuspended in O.5mis of
citrated buffer and plsted onto two selective plates.
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¢. J-galactosidngse assay

Reagents

Hade up at -10""1@_ in distilled water, autoclsved at 10 p.s.i.
for 10 minutes. Used at 10"35.

| Made up at /73 in 163,

B2 (Reducing buffer of Revel, Luria, Rotman, 1961)

' Nazma S.1g3 Nnﬂzm‘ 16.8g3 distilled water 950ml;
add 10'15!; gsO, 10miss io“";g 5nSO, 2nls; Pemercapto-
ethanol 0.8m1a; make up to % 1,

Cetyl tedethylamsonium bromide (CETAB) (Tyler,

- Magasanik, 1969). ing/ul in distilled water.
Sodiun deoxycholate (DOC)

1% in distilled water.

Sodium carbonate

- 14 solution in &M ures.

Keasuzement of specific sctivity

| Cultures were grown wc:night in ninioal medium with
PTG (107M), diluted back in the sane medium and grown into log
phaze. The cultures were then appropriately diluted in minimal
ndiun plua CETAB O.2mlis, PHM2 O.Salscand DOC 0,01l to give a final
volume of 2.0mis. The diloted cultures were kept in ice. The
optical density of the cultures at 600nm was measured in s Zeiss
spectrophotozete at thé tine of sampling. The samples were
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assayed by adding }/75 ONFG O.6mls and incubating at 28°C for a

measured time. When enough colour had developed the reaction was--
stOpped by adding 1M Na2003 in 84 urea 1.3mls. The optical density
of the sample was measured at 420um and 550um using a no cell blank.

Specific activity is expressed as

0.D 420pm -~ (ODS50pm X 1.75)

0D60OpM X time of incubation in minutes

b. Kinetics of enzyme synthesis
Sempling was done as for method a. Cultures were grown in

sidearm flasks and the Klett value (red filter) was recorded at the
time of each sampling. The enzyme was assayed as for mathod a, and
the results expressed as a graph of enzyme activity/ml/min against

Klett value at time of sampling.

f. Arabinose Isomerase Assay
The method used is essentially that of Cribbs and Engelsberg

(1963).

Reagents
Low phosphate medium (Gross, Engelsberg, 1959)
KH)PO, O.3g; K,HPO, 0.7g; MgSO, O.1g; (NH,),SO, lg;
casein hydrolysate 10g; distilled water 1 1. After
autoclaving 15 p.s.i. 13 minutes add Bl 10mg/1; glycexol
1g/1. For induction L-arabinase (filter sterilised) was
added to a concentration of 6mM. |

Assay Mix glycyl glycine buffer pH 7.6 75 ml;‘
A
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MnCl 2.5uM/ml; Le~arabinose 150ub/ml.
2

Hydrochloric acid  O.1N.
Cysteine hydrochloride 1.5% in distilled water, made

up fresh for each experiment.

Sulphuric acid 70%.
Cazrbazole 0,12% in 95% ethanol.

Cultures weea grown overnight in low phosphate medium (Gross,
Engelsberg, 1959) supplemented with glycerol O.1% and arabinose SmM.
The cultures were diluted in the same medium to an optical density
of approximately 6 Klett units (red filter). The cultures were
grown to about 15 Klett units after which 1,0ml samples were taken,
at recorded Klett values, into tubes at 0°c. Toluene, 1 drop, was
added to each sample which was then vortexed for 13 seconds and
stored at 0°C. To two O.1lm1 aiiquota of each sampie mis added assay
mix O.1ml and the reaction was allowed to proceed at 30C for a
measured time between 15 minutes and sixty minutes, The reaction
was stopped by adding O.IN HC1 1.8mls. An aliquot of the first
sample in each series was incubated for O minutes before the
addition of HC1l to provide a blank for zeroing the Klett. The L~
ribulose produced by the reaction was assayed by the cysteine carba-
zole method (Dische, Borenfreund, 1951). To esch sample was added
1.5% Lecysteine (0.2ml) and 70% sto 4 (6.0m1) and the mixture was
then vortexed to ensure complete mixing. Carbazole solution O.2mls
was then added and the mixture was again vortexed. Colour was
allowed to develop for at least 30 minutes, the colour produced was

stable for at least another 40 minutes. The colour produced was



megsured u ing a llett (grien filter 540um) aft r zeroing the Klett
to the blank :am le. The result: are expre:sed in graph form as
Kiett units/hour against klett value at time of :ampling.

Cribbs and .ngelsberg (1963) expres: their results as en-
zyme unit /mg total protein. A control experiment thowed the
relationship between the Klett value of the culture and total pro-
tein, assayed by the method of Lowry, “oseborough, Farr, Randall, (1951)
to be linear in the range u-ed and therefore mea urement of total
protein was not necessary.

A: can be seen from fipure Ob in result: section, the
curves of arabinose iromcrase »roduction do not extrapolate to zero
az one would expect, The most simple explanation for this is that
the addition of the CL.IN HC1l to the blank sample doe: not stop the
reaction inztantencously., This would mean that the blank sample iz
not a true zero but includes s#ome increment due to ribuvlose production

snd 50 all the experimental valuer would ap ¢ar too low by a constant

amount,

g. RNA syntheaiz (Pato, Yon Meyenberg, 197C)

Reagent s
Oxoid NB2 plus uridine 4Oug/ml.

o3 plus uridine 4Oug/ml; methionine 20ug/ml;
glucose 0.273 B‘1 10ug/ml.

Lysis mixture 0.1M NaCl; O0.014 Tris pH 7.5;
O MUTA;  C.5% sodium dodecyl sulphate (D.).
Carrier INA  yeast NA 50ug/ml.

Trichloroacetic acid (TCA) 3%l and O.0L,
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Miliipore filters 25K 0.45) porc sisze.
Seintillant BBOT (Ciba) 4g/1 toluene,
Uridine labet  5° ttituted (Anmershom) used at
2.5uCi/mi, |

The method used is that described by Pato ond von lleyenberg
(1970).

Cultures were grown overnight at 30°C in oxoid NB2 plus 40
Hg/ml uridine or !63 plus 40ug/ml uridine., Cultures were diluted
back into same medium and grown to 253 Klett units (red filter) at |
30°%. A 2.0ml1 sample was taken into a small flask and the wmaén
culture transferred to 43°C. To the 2.0ml1 sample at 30%C was added

311 uridine to a final concentration of a.spc.unx and

sieultaneously
rifaopicin to 200ug/ml. The uridine was labelled at the S position
of the pyrimidine zing to minsuihse the cnfty of label into W. After
the main: culture had been growing at 42° for about cne generation, =
2.0 nl sample was taken and lahelled at 42°C 1n the aml WAy as .thc
first sample. |

Samples from the labelling culturd were tékea and assayed ae
described by Bremer snd Yusn (1968). Saaples (O,1iml) were taken
every X seconds for the first 6 minutes after sddition of ladel and
then every minute until 15 minutes after addition of label. The
samples weree taken into O.35mls of lyeis mixtute at 100%C and were held
at 100°%C for 3 minutes, The samples were then cooled to roon
temperature 1.0mi of a SOug/ml aoiution of yeast RNA was added as
caerier. The RNA was then pxejcipi.tated with 0,5n1 of &1 TCA. The

RNA was then collected on Millipore filters which were waghed with



4 = 5ml C.014 TCA dried and counted wwing BBOT acintillant in a

Packard counter,

h. Assay for rel status
The method used was & modification of that described by

(FiIK1969).

Reagents
Me3 supplemented with glucose 0.2%; 1'51 10ug/ml
methionine 20ug/ml; arginine 20ug/ml; thymine
00ig/ml; uridine 40ug/mi.
Uridine and Loucine labels s+ 3y uridine 2.5uCi/ml
140 leucine 0,01 pCi/mi.
TCA 5%,
Sthanol - 70%.
Scintillant 'BBOT (CIBA) in toluena 4g/1.

Millipore filters  25mm O.454 pore sise.

Cultures wore grown overnight in M6é3 supplemented with
glucose 0.2%; mothionine and arginine 20ug/mi; thyaine 100pg/mi;
and uridine 40ug/ml. Cultures were diluted £ifty-fold in the same
medium and grown for four hours at 30°C with shaking. ‘Two 1.0ml
samples from each culture were spun down, washed twice in the same
medius without methionine, :esuépeudedin 1.0ni of the same mediun

14

without methionine and incubated at 2°¢ for twenty minutes. (]

leucine 0,01uCi/31 end 4 uridine 2.5.Ci/al were then sdded and the

cultures incubated at 30°C for o further thirty minutes. Ice cold |

3% TCA, 35mls, was then added to each culture to precipitate proteins
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111 Construction of straine

Markers age sutant alleles unless marked ,
HZ11 metd, strA, B, (strh dcrivative of W1055 Lederberg and Lederberg
1953).
N323 meth, stzA, B, cya8SS  Selected as Lac” on lactose tetraxolium
after UV sutagenesis (T. Tsuji unpublished).
¥223 metB, stxA, B, crpS6S. Same selection as NP22,
¥E30 meth, strA, B, cya8SS alt-1, Spontaneous Ata’ of WE22 selected
on minimel aradinese at 30°C (2.11.a).
¥531 metB, stzA, B, erptes $s2. Spontaneous Ara® of Na23 selected on
ninimal srabinose at 30%. (2.11.a). |
NE33 thyh derivative of NBIO by trimethoprim method (2.1.4),
NES7 metd” cyadss® alt-1 steA 3. NZ)O mated with DBOOY (teansfers
£rs’ early, see fig. 1, section 3.V) selecting Met’ recombinanta. Met®
secoudinants checked for alt-i by streaking om axoid agar at 30°C, 42°C
snd for cya’ by thelr irreversibility by 10™% caMr.
Na6L metd, srgA cya#SS mit-l gel’ (strains derived from W1635 are gel™).
WE3s P31 transduced with lysate from NPSE (_gu: Argh al:) selscting
Thy' transductants. Transductants were checked for cotransduction of
A, 27/100 were also agA. Ten $hyA” aggh were checked for gel
status and 4 were 53_;_"_. In & paraliel cross using a lysate from an
isogenic gel” strain 18/100 thyh’ were aggh and 10/10 of these were zel_,
NES4 meth cra33S crpfoS steA spe aits1 3, WE3O P1 traneduced with o

iysate from ¥333 (ageC metd his ylacproXIII syrA spe amp erpsos cyasss)
selecting SE" 23 transductants were purified and thes stresked onto

winimal, arg, lac, xyl, gly at 30°C and 42°C,  3/23 grew om min ara but
not 1s¢, xyl and gly at 30°C, none of the 23 grew om any of the carbos
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sousces at 42°C, One of the 3 which was Ara’ Lac” at 30°C was shown
to contain crp868 in two ways. Pirstly it could give uc‘ in the v
presence of cAMP only when infected with KLF41 which covers the czp
zegion (Fig. 1 section 2.1V), secondly the crp marker could be rescued
with the phage P1 into WZ1l yielding Spc® Ara™ transductants.

WES6 cya' crp86S alt-1 strA spc WEST P1 transduced with lysate from
WES3 selecting Spe®.  4/32 Spc” were Ara’ Lac” Xy1” Gly~ at 30°C and
did not grow on any of these sugars at 2%, The an* phenotype
could be restored by infection with KLP41,

WEO3 metB cya8ss cxp8SS alt-1 spc strA glp". Spontaneous Gly'
selected from M3S4 as a red sector on MacConkey glycerol agar. The
strain zemained Ara’, Lac”, Xy1~ and altel. The gly’ marker maps near
metB, 12/16 Met® transductants using P1 lysate from CAB000 (wild type
strain) were also Glp . These figures are in good sgreement with
Beraan (1971) for the cotransduction of gigk with metB. This Qx’
mutation is possibly a glyk promoter mutation making it independent of
the crp-cAMP system.

NE94 g_s:_ ££p868 altel Ll':_ strA, Spontaneous G1p® derivative of WBS6
by same method as WE93. The strain remained Ara’ Lac” Xy1~ alt-1. The
strain could not be checked for cotransduction of the g}z: marker with
metB as the strain {s slready metB’ but there is no reason to suppose

it is not similar to the Wi903 mutation.



W281 (aggG™ metB” cys~ erp spc’ str® amp” recAse™)

~WZ37 (JCALl, his” leu metB” argG” ste’ su’)
p—=P1 trandduction with lysate from WZ33 (metB~
azgG” ste> spc® §g’) selecting Spc® screened

8
Done by y for stz .

AJ103 (bis™ leu” argG™ meth” ste® spe® 1sey™
-+ Mated with D8O16 Hfr Cavalll (metB™ cya™ amp”

A, B. Silvezstone

ste® selecting up’; screened for Au’ Leu .

- NZ70 (etB” aegG” his” leu” spc” ste” amp” cya” lacy”)
1 Hated with CAS000 (wild type) .selecting lac
on minimal lactose + c-AMP,

WZT2 (aggG” metB cya” his” spc” sts” smp” iacy")

« P1 transduction with lysate from W225 (crp

. g,t_si) selecting Str®, screened for sEp o only

get M‘g’ An* recombinants with KLP41 in pres

)

sence of cAMP,

WZT5 (argS” mets” his” era” exp” spe” sts® amph).

| - Mated with X547 (HFLKL16 the~ 11v- recAS6”

: spc' ste®) selecting His' 3/8 had also become
MMSsensitive (rec ).

WZ81 (azgG™ metB” cya” crp” spe’ str” amp” recAse)
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Genotype. All markers are sutant mcmmgptuheasm‘.

Source

wzi1 metd, atrA, rel #3633, Ledesberg
= A Ledesberg, 1953.
wz22 metB, strA, zel, cyaBss OV on W21i. T. Tsuji
wz2s metS, strh, gel, czpS6s UV oo WZ11. T. Tesujd
¥Z30 metB, steA, rel, cyasss, alt-l Ars’ revertant-wz22
wz31 astd, steA, gel, erpsts, ts-2 Ara’revertant-z2s
¥z33 BetB strd rel cya33d alt-l thyh thyh W20
- WZ3s metB strA gel cyafSS sit-l thyA Low thymine requiring
devivative WZ33
wasr strA rel aitel WZ30 x DEOOT sekct
' Het®
w261 metB, strA, cyaiss, agsA, rei' ¥Z33 PINFSS select
metd, s s
NzsL |  metB, amyC, yasss, sep 863, str, spe, Smp, £ecASS Prom Jca1
W83 |  metB argD, cyasSS, ceps6S, stsh, spc, asp, bis, YlacproXIIL From JCALL
Wiss meth, steh, cyatds, cepSss, ait-l, spe, rel NEX) 73 W2E3 eelect
5
w286  strA, crp8Ss, ait-l1, spe, zel | WI57 P1 WZ83 select
| Spek,
w293 metd, stzA, cya8ss, cspses, alt-1, spe, fel, gip® Gly® gevertant Wzs4
wzZo4 ’ | :

Gly* sgevertant W286

steh, cEp8Ss, alt-l, spe, rel, gipe




Strain Genotype. All markers mutant auexés gxc‘epf where shoin * Source |

XLF2 leu” arsG” his” metB” lac” strA gecAS6™/KLFZ Low 1968

7!;1‘41 leu” aggG” his~ metB” lac” mal” xyl® atxA red& w Low 1963

CAS000 Hftﬂ hc attA Bechiﬁt

ED1002 Bfr th gmxln integrated F+s lac __E_'sfrs Masters Broda 1971

ED1009 Hfr Vlac proXIII integrated Fes lac spec st ste® Masters Broda 1971

ED101S Hfr th ggoxn! integ:ated Fﬁs Fss lec spc str sts® Masters Brods 1971

Eblci.§ Hf: Viac g_goull i.ntegnted Pos lac s isc spe stxr_ st: Masters Broda 1971

bsom i’-Ifr G10 bis str Hatney Zgwin
Goldschmidt 1963

NP58 F"metB argh zel' W16SS derivative FIIL 1969

NF59 F~ metB _t_cg& £el  W1655 derivative FIIL 1969

JG47 Hfr KL16 tht his gecAS6 _&stzﬁ Gross
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origin of Hfrs and plig used (Pig. 1)

Genetic loci follow standard abdreviations (Taylor, Trotter,
1972). gcys is the genetic locus for adenyl cyclase {(Yokots, Gots,
1970); gzp 4a tlﬂ@@_gr the gene producing a protein necessary
for the transcription of catabolite sensitive operons (Schwarts, Beeh;-
with, 1970; Periman gt 81, 1970); alt 1s the locus for the temperature
semitive factor discussed in text.

The P KLP2 doss not transfer stzA (Low, 1968). The KLF2
donor 211012 (leu” bls” aesS” metB” stea” spe™/B) arg6® argn’) was
chacked for transfer of strA by mating it with H238 (meth” aggG”™ ste®
ggg: ﬁg‘) and selecting Aeg' secombinants on minimal gilucose wetD,
Pistes, the danor was selected sgainst with the leu” his” markers. If
K2 teanaferred steA® then revombinant Arg’ clones should throw off
ste” clones by homogenotisation between the chromosonal stz® and the
apisomal sir‘ magkers. Pour impem* Arg cm« were tested by
streaking them onto mld plates with and without ttraptonycin, none of
then gave my Stu' mlcnies. The position of the £Lp gene was con.
firmed to map near stra in the construction of strsin WZ80 (P~ his™
argS” meth” Viac prox1t steA” spe® amp® cyes3s” crpsss”) and aiso
close to Spciin construction of W2i4. The cxp” marker was Pl cotrans-
ducible with strA, No sccurate figure could be put on the cotransduction
freguency due to the need to allow for phenotypic lag in the expression
of streptomycin uaiitinu. one cannot therefore be sure that ail the
clones selected originated from independent transductional events. A
technique was developed for the easy identification of &5p” transducts.,

Streptoaycin resistant transductants wege :elected on arabinose tetea-
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zolium c-ANP streptomycin plates. Clones which have also decome gep”

- will appear as dark-red as they will not be made Aza’ by the cAMP, Of
four colonies picked as dark red all four were crp” ss shown in that
the Ara’ phenotype can be restored if the strain is infected with

KLP41 in the presence of c-AMP, Since when selecting only for strepto-
mycin resistance only atout 10% of these decome also ¢rp” this method
is odviocusly very efficient in obtaining cxp” transductants.

The cxp868” etrain W225 has been shown to have at lexst s six-
fold reduction in c«ANP binding activity as compered with WZ11l (Sllen,
Hemderson, personal commnication). _

The cya833™ strain WZ32 has at most a very low level of c-AMP
(5%) and possibiy none at ail (Silverstone, Goman, Seaife, 1972).
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PART 3  EXPERIMENTAL STUDIXS

I. Experimental Rationale

Since ¢csp- and cya” mutstions affect the expression of genes
at the level of transcription they should be & good starting point for
the selaction of mutations affecting transcription in other ways.

Ars’ revertants selected from a ¢ya” or a crp” straln could
arise in & nusder of ways, They could arise by back mutation to
cys’ or csp’, or by mutations of the UV3 type (Section 1,1I,¢) in the
Afa promoter cizcumventing the need for the cxp cAMP complex. The
first class can be eliminated by showing that the reversion mutation
does not map in the genes crp or cya, the second by showing that the
ceversion is pledotropic for other sugars as a mutation in the ara
promoter will not affect expression of other operons,

A third class which will bBe piedlotropic for the utilisation
of a nusber of sugars can be divided into two major subclasses. A
subcless with a change in a subunit of the RNA polymerase so thu it
can zecognise promoters more effic iently without the Cep~cANP cu;;xex.
An alteration in a protein so that it can stimulate polymersse binding
either in & way analogous to sigma or the crp cAMP system.

It is also possible tiat this selection will provide
mutstions which affect the translational process so that the low
level of WRNA mde 1o cep” or cya” strains (2% wild ‘type) will be
more efficiently transiated giving a high encugh level of the agab-
inose enzymes to permit growth,

Ars’ zevertants of crp” or cya” mitants could therefore be

a sich source of secondary mutations of great relevance.to our
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understanding the mechanism of gene expression. I also reasoned that--
investigation of the secondary mutations would be much easier if they |
conferred an additional property on the cell as a whole. I therefore
undertook to seek Ara’ revértants whose growth on gich mediunm was in-

hibited at 42°%,

II. Isolation of Ara’ revertants from gya” and crp” strains

Revertants of gﬁ' and crp strains were isolated on
sppropriately supplemented minimal medium containing urabindse as sole
carbon source (Section 2.II.a). Ara’ revertants of Wz22 (gi_a_") were
tested for temperature sensitivity by plating for single colonies on
oxoid agar at 30°C and 42°C. Four independent clones gave respectively
2/11, 1/32, 4/32 and 3/32 temperature-sensitive Ara’ revertants, showing
thgt the Ara’ phenotype .can be commonly restored by ﬁmtution(s) con-
comitantly rendering the strain temperature-sensitive.

Ara” revertants of one clone of W2z25 (crp™) were tested and
3/8 were temperature sensitive. All the temperature sensitive re-
vertants had regained the ability to express other catabolite sensitive
genes becoming Lo.c* xf,:f Mal* Gly*. Some of the temperature resistant
severtants were positive only for arabinose utilisation and are pro-
bably mutants in the ara promoter circumventing the need for the crp

c-AMP system.

I1I Genetic characterisation of‘ alt-1 and ts2
For reasons which will become clear later in this thesis the
£§ ‘mutation in WZ30 (cya ts™) has been called alt-1 (alternative pathe

way for the expression of catabolite sensitive genes). . The temperature
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sensitive mutstion in WZ31 (cxp™ ts™) has been called ts2 as it has
not definitely been established to be a mutation of the 2it class.

s, Hfr sapping

In order to prove that the alt-1 snd ts2 sutations chosen
for study were not in the crp ox cys genes, it was necessary to show
that they map at different points on the chromosome. Apﬁ:oziute
mapping of the ait-1 sand $s2 loci was done usimg four Hfr strains
(Masters, Beoda, 1071) ED10O2, EDIOO9, ED101S and EDIO39 whose origins
and direction of tranefer axe shown in figure 1 (sectiom 2.IV). This
preliminary mapping placed both alt-1 and ts2 between the origins of
ED100Y snd EDIOC2, (Table 1) between 61 and 63 minutes of the chrowo-
sone,

As selecting streptoaycin resistant recombinants may in-

f luence the recoabinants obtained dy forcing recombination events to
occur in the region of the Hfys transferced very early (lifrs are
etzeptomycin sensitive) {t was decided to check WZ30 using a method
not dependent on a streptomycin counterselection. From crosses of
WZ30 against Hfrs, EDIOO9 and EDIOOR dilutions were plated onto
minimal glucose 31. plates, ou which neither the m" donors nor the
meth” reciplent will grow. The Met' recombinants were selected at
30°C.  In the cross WZ30, ED1009 the majority (69/103) of the Metd'
recombinants were siso Ts'. By contgast none (0/105) of the Mets'
reconbinants in the cross WZ30, ED1002 were ', |

To ensure the validity of these results and to prove that
the slt-1 locus is not in the crp gene the origins and ability %o
transfer crp’ of the Hfrs EDI0O2 and ED1009 was checked. Table 2
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shows that strain ED1009 transfers argG early followed by metB

whereas ED1002 transfers 2££ at a low frequenéy as a terminal marker.
When Met' recombinants of a cross Wz2s (cxp” metB™) ED1002 are ob-
tained a large proportion of them (90/109) also become Lac* Ara’ ana
thecefore must be _c_gg*. Since we know that the 52 marker maps close
to metB (Yokota, Gots, 1970) and that ED1002 transfers cfp’ early but
not alt-1 then alt-1 cannot be in either the cys or crp genes. The
Altl (and ts2) mutations map in the argG region of the chromosome bet-

ween the origins ED1002 and ED1009,

b. F prime mgppin&

To check the position of the alt-1 marker in W230 and ts2
marker in BZ31 they were mated against a KLP2 donor., This is an F
factor carrying the argG region of the chromosome (Fig. 1, Section 2.
V). The strain carrying the KLP2 episome is recA™ thus it wi.lll only
transfer the episome since Hfrs are very rarely generated in r_e_gA:
strains, Consequmtly‘ if the KLF2 donor gives Ts' recombinants with

alt—-1l and ts2 these mutations must be in the small chromosomal segment

on the episome. The episome KLF2 transfers glt-1 ts2 and argG to
suitable recipients in comparible numbers (table 3) showing that the

alt-1 and ts2 mutations both map in the small region of the chromo-

some carried by KLF2,
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TABLE 1

Tranafer of ts* by Hfr’'s EDIC02, ED1009, ED101S and EDI039

RECIPIENT ‘
| wzéo (cyéa"utn Wz31 (crp"_ ts2)
DONOR '
ED1002 | N -
BD1009% + +
ED1015 ‘ ‘-.' -
ED1039 | - -

s+ = ¢s° recombinants which were at least a hundred-fold

higher than
- = no ts+ recombinants
Mating mixtures were incubated for 30' at 30°C, diluted,

spread on oxoid agar plus streptomycin (to select against

donozs) and incubated at 42°C.



TABLE 2

Transfer of wetB’ aerG’ of Hfr's EDI003 and FDICOY

RECOMBINANTS OBTAINED PIR KL
OF THB MATIX HIXTURE,

DONOR Arg’ Het’
BD1009 1.5 x 10° 1% 10°
ED1002 1.5 x 104 2x 107

The two donors were mated sgainst WZ37 (his™ leu metB”
25g8” stea” su").
30* at 37°c. dilutions were plated onto mininsl glucose
his leu{'metB, to select for Atg’ and minimal glucose

his leu arg 'Bl for Met'. Donoge were selected sgainst

Mating mixtures were incubated for

by the absence of proline from the medium,

54,



TABLE 3

Transfer of TS Arg+ by KLF2 donor

0.1ml of culture plated
after dilution.
Recipient : Phenotype 5 1 >
strain Treatment} selected 10 10~ 10”7
Wz 30 mated Ts* $1000 97 2
Wz 30 unmated Ts” 27 2 1
Wz 31 mated Ts” 1000 99 7
Wz 31 unmated Ts” 28 4 5
+
WZ 37 :
3 v mated Arg+ uncggﬁg 500 1
WZ 37 unmated - Arg .0 (o) O

/

- - ~ - - . + L
KLF2 donor (E11012) his 1leu metB argG recA 56 StrAr/F'argG argR+

e

Recipients: WZ 30 cya altl metB strA”

WZ 31 crp tS2 metB strAr

- - - +
Wz 37 his leu metB argG strAr su

Mating mixtures were incubated for 2 hours at 30°¢C.

iy récombinants were selected on minimal glu, met, Bl plates, donor
counterselected against with EEE?”EEET markers Arg+ recombinants
selecfed on minimal glucose, his, met, leu, Bl,MMS plate§ (MMs; methyl
methane sulphonatebselects against donor as EEE&: stréiné:do notsgrow
on this compound).

WZ 30 and WZ 31 control numbers are obtained by plating dilutions of

unmated cultures of these strains.
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c. Transfer of altl to KLF2 by homogenotisation
In order to manipulate the alt-1 marker in WZ30 I tried to

isolate a KLF2 episome carrying alt-1. This was done by introducing
KLF2 into W230 (section 3,III,b). Sixteen independent temperature
resistant clones were thus obtained. They were purified and then
streaked to single colonies on oxoid agar at 30°%. Each of these
should have the genotype alt-1/KLF2 alt but should occasimnally give
gise to alt-1/KLP2 alt-1 homogenotes. On mating, e homogenote should -

be able to convert a cya  crp recA” strain to Ara’ at 30°C solely by

transfer of its recombinant KLF2, Note that, except under the

special circumstances discussed below,‘ a 53_(:_!}_" strain cannot generate
recombinants for extra-episomal chromosomal genes mobilised by KLF2.
The yield of derivatives inheriting the autonomous F-prime factor, on
the other hand, is virtually unaffected by the recA” mutation. Thus
the donoz culture should give Ara‘ recombinants at a low frequency
reflecting the number of alt-1/KLF2 ait-1 homogenotes in the population.
A colony from each of the sixteen Ts® clones was tested for transfer

of Azg' and Ats‘Au* to W281 (argG™ metB™ cya~ esp” ggc_::_ gs_x_‘f\_: l_m_g:
recA56" ). ‘Twelve of the sixteen 1s* clones gave A:g* recombinants,
the other four, which could not were probably TS revertants of WZ30.
Six of the A:g* donors gave Atg* Ara" tecombinahts. The lrg* Au*
recsmbinants occured at a much lower frequency (less than 0.1%) than
the A:g* recombinants as expected if each colony contained only a
small proportion of alt-I/KLF2 alt-1 homogenotes. Of eight Atg‘
recombinants tested all wese met” gecA”, By contrast of eight Arg’

Ara’ recombinants seven were also rec’. (1ike the donor and recipient

they were all still met™) implying that in order to become Ara’ the
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recombinants must receive _r_e_t:_‘~ from the donor. Apparently, Ara* fe-
combinants can only be obtained if part of the donor chromosome is
inherited by W281, with a consequent necessity for the recombinant
Cells to become at least transiently sech’. This suggests that for
alt-1 to be expressed, it must be associated with a second mutation
outside the chromosomat segment of KLP2, It should be remembered
at this point that W281 is derived from 1237 (JC411) whereas the alt-1
mutation was isolated in a W1655 strain. It may be possible that
171655 harbours a cryptic gme,l necessary for alt-1 expression that is
different in WZ37 strains. This anomaly does not basically affect
the results shown later of the effects of the alt-1 mutation on RNA
synthesis and the expression of catabolite sensitive genes. The
cryptic gene need ndot necessarily have been mutated to permit ex-.
pression of the Alt-1 phenotype. The frequency at which TS~
revertants arisze (1 x 10'6) argues against a double mutation having
occured. I intend to try and establish and map the secomd locus.
The second locus couid have been mutated during the isolation
of WZ22 which was isolated after UV mutagenesis of WZ1ll. If this is-.
true, it should be pessible to cross it out with a Pl lysate of Wzll

(see discussion section 4).

IV The alt 1 wutation affects gross RNA synthesis >

a. The .ffectpf alt 1 on growth

The strains W230 (cya™ alt-1) and WZ31 (crp” IS2)cannot form
single colonies on rich or minimal agar at 42°C. The temperxture
sensitivity of strain WZ30 during growtli in nutrient broth (Oxoid) is
shown in figure 2. Its growth begins }to slow down after about one

generstion while WZ11 (m" .‘.‘.!f) and W222 (gcya” g_l;f) are not
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inhibited after two or three genezaxiona. The temperature sensitive
Revertant (£52) of WZ25 (crp) also shuts off in the same time when
grown in Oxoid broth (not shown). When strains WZ30 and WZ31 are
grown in liquid minimal medium growth does not show.any inhibition
after a shift to 42°C for three or four generations. Nevertheless,
they do not form colonies when grown on minimal agar. The’.temperature
sensitive lesion seems to involve metabolic processes which are used
for growth in rich medium (catabolic) but at least one essential

function operating in both rié¢h and minimal media must be affected.

b. The effect of alt 1 on DNA and RNA synthesis

As it was hoped that our selection procedure would provide
mutations which affected RNA synthesis if was necessary to see if
alt-1'was in fact an RNA synthegis mutation. Accumulation of :aéio-
isotope into DNA and RNA indicates that RNA synthesis is primarily
affected.by the alt-1 mutation (Figure 3). Following a ahift to
42°C accumulation of 3H into RNA in W235 (a low thymine requiring
derivative of Wz30 gzgf alt-1) is severely reduced in less than a
quarter of a generation while DNA synthesis continues for nearly a
whole generation. From this experiment it is clear that RNA syn-
thesis is affected before DNA synthesis,

Is the alt-1 product directly involved in RNA synthesis?
Studies reported in subsequent sections of this thesis lead us to

believe it is.
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Legend to Figure_z

Growth of strains in Oxoid broth

The strains were growh in oxoid btbth in side-arm flasks
at 30°C, at the point indicated by the arrow half of each culture
was transferred to a pre-warmed flask and incubated at 42°C.
Growth of the cultures was followed using a Klett colorimeter with
a red filter (660mp). During the course of the experiment cultures
were diluted back into pre-warmed medium to keep them growing ex-

ponentially.

a W21l at 42%,
~ Wz11 at 30°

e WZ30 at 42
e Wz30 at 30°
" Wz22 at 42°

o Wz22 at 30°
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Continuous Mbelling_of RNA and DNA in WZ35

W238 is a 1ow thymzme requit:lng (1QLgm/m1) detivative of .
wzso, it was obtained as described in methods. " A low thymine _xe-
quiiing strain is necgssary to ens.utg aﬂequate entry of aﬂ fhyﬁzine
into DNA. . Strains which are _t‘gx_z_* do not take up thymine and there;
fore DNA is not labelled. .V o |
Scales on the ordinate are:

 Growth in Klett units (red filtet)'
RNA in 3H counts per’ 20’ X 10
DNA in 34 counts per 20’ x 107

3 ,
w235 was grown overnight at 30° c :m Oxaid msz plus mug/m]. thymine. ’
The culture was d.iluted 1nto thtee f lasi:s one containing Oxoid NB2,
J.Oug/ml ﬁxym.ine, one containing Oxoid NBQ, IOug/ml thymine 34 uaacil
(.25 p.Ca/ml} anﬁ ene centaimlng oxom an thym.ne mug/mx, 3H thymine
' v(l.OuCi/ml). The cultures weze grmm fot seVexal genemtions at 30° c
o to obtain a Mnear rate of entry of J,abeued precursors and then di-
| luted :in the same med:la to about 5 Kiett un:lts. 'I‘he epticai density
:of the cmture without label was fouowed on a Klett wlorimete:.

At .intervnis 0.3. ml. samg:les af the labéued cultntes we:e :
'appiied to 3MM, 2 4 cm whatman filter disca which were immediatel.y
dmpped inte a large volume of ice-cold 5% TCA.  After two houts in.
the TCA the ﬁlte: discs were waahed twice with acetone, dried, and |
_cmted in BBOT sc.intiuant h a Packard Tri-caxb ;liquid ac:lntn'aticn' |

- counter, At the point in_dieated-by the arrow all three mltures were

. switched to 42%.
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c¢. The alt 1 product preferentially affects synthesis of unstable

RNA species.
The technique of Pato and Von Meyenbérg {1970) enables one to

distinguish between stable and unstable RNA sinthesis in vivo.
Following the simultaneous administration of 3H-u:idine and rifampicin
to a g:uiing (rif;s) bacterial culture only those RNA polymermae mole-
cules that have started franscribing are able to incorporate label
into RNA, This is because the rifampicin inhibits further initlation
of transcription. Thus RNA synthesis cemses after rounds of trans=
cription in progress have been completed, The peak, which is

reached in 2«4 minutes, contains both a stable and an unstable RNA
fraction. The unstaeble fraction is broken down until a plateau is
reached which corresponds to the stable fraction, the plateau is
reached in about 10 minutes.

The synthesis of stable and unstable RNA species in an alt-1
strain was measured by this technique. I compared their synthesis
before and after switching the growing culture to 42°C. ‘The effect
of the temperature shift on W230 (gya™ alt-1) growing in booth is
shown in Pigure 4a. It can be seen that following the temperature
shift we no longer see the peak of unstable RNA. I attribute the
loss of the unstable peak to the alt-1 mutation since the alt’ parent
of W230 (wzaa) continues to synthesise normal amounts of unstable
RNA at 42°C in broth, Figure 4b.

.Thus a major species oflunstable RNA either depends for its
synthesis on an intact alt-1 product, dr is degraded much faster when
alt-1 is inactive.

By contrast, in cultures of WZ30 grown in minimal medium and
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shifted to 42°C I continue to see a peak of unstable RNA, Pigure 4a.
The most obvious explanation for these results is that alt-1 is a
factor necessary for the synthesis of catabolic enzymes needed to
break down the complex nutrients in droth. In minimal medium the
wxjority of enzymes needed will be anabolic and so will be unaffected
by alt-1.

There is a formal possibility the alt-1 product is a nuclease
which becomes very active ('wild') at 42°C and rapidly degrades the
class of unstable RNA made in broth. I consider this possibility to
be unlikely for several reasons. Pirstly, heterodiploid g_t_;;./g_l_f
strains are temperature-resistant, (section 3,1II,b), one would ex-
pect & ‘wild’' nuclease to be dominant not recessive. Secondly, the
P-gz level in WZ30 (g@%) at 42°C is the same as {ts parent Wz22
(gx_f) at 42°c, that is about 2% of wild type level (section 3,V).
One would expect a 'wild' nuclease to reduce the level to zero.
Thirdly, w257 (_clzf 81t-1) shows a f-gz level of about 50% wild type
at both 30°C anda 42°C (section 3,V), if alt-1 was a 'wild' nuclease,
one would expect it to be indé¢pendent of the cya allele and P-gz

levels in Wz57 at 42°C to be near zero,
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Legend to figures 4 a,b,c.

The alt-1 product affects unstable RNA synthesis
The experiments were performed as described in methods

(section 2,II,g). Results are expressed as s percentage of the
average plateau value for the experiment against time of sampling
after addition of °H uridine rifampicin mixture.

In absolute terms the counts obtained at 42° were in all
cases higher than those obtained at 30°, For several reasons it was
considered unadvisable to compare the absolute numbers. The cell
density of the cultures when labelled at 42° was higher than those
used at 30° and so more labelled precursor would be incorporated per
unit time. Because more of the cold uridine would have been in-
corporated before sampling at 42° than when sampling at 300, the
specific activity of the uridine pool would be higher by an unknown
factor. As the growth rate is higher at 42° than at 30°, the rate

of incorporation would be higher at 42° than st 30°,
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'de ‘The effect of rel status on alt-1 suppression

Recent reports on a factor’vr involved in the‘transc:iption of
- ribosomal RNA cistrons (Tzavers, Kamen, Scheif, 1970) (section'l,VII, }
£}, and the invoivement of a smﬁli nﬁcieotide‘gﬁanasine tettaphbéﬁbaié
(pﬁGpp)'possibly analogous to c-AMP in‘the fun¢tian of the rel gene
(Cashell, Gallant, 1969) suégested vthé,t an altered’yr factor may be |
responsibie for fhe g&;Z&_suppressién. w1655‘(§g£§f) cailed WZ11 in
the strain list, from which the g&g;g_étrains are derived is rel”
(ribosomal RNA\synthesis is not'striﬁgeﬁtly controiled) and if was
therefore decided to cons truct tel derivatives of W230 to see if this-
had any affect on ﬁ-galactesidase qynthesis or the temperature sensi-

tivity of alt-1, - . ST

As can be seen fﬁom Table 4 that all fouﬂ rel' transductants

‘P".*
. . ,-,s

were still temperatute senaitive when streakea cnté oxoid agat., 'Thc"'
rel genotype did not affect fhc levels of ﬁagalactcsidase as all

;twenty transductants tested whather rel” or rel gave enzyme levels

| compatible to wzso (eya” alt- 1 rel ). The possibzlify ofﬁfr being

- involved in alﬁ—l suppreﬁsion is thaxefore unlike,y although final
Pf@°f °f.5h°W138 no change.in_the kinetics of RNA synthesis has not

been obtainéd.



TABLE 4
NN

The Effect of P on alt—1
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Number of
teansductants
tested,

Nunber

zel*

Number of re1”

still TS™

C(alted)

L

Pl 1ysate from
 gel® steain

Pl iysate from
Mgel™ strain

10

10

4

The assays fbr'fel status mezé‘dnne'as.described in

methods (section 2,II,hY.

\

 The transduction of the gel ;éﬁns was performed as

| described in strain construction (section 2,1I1).
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In the preceding section, I have nresented evidence that in
strains with the alt-1 sutation the synthesis of a class of unstable
RNA molecules is temperatupe sensitive. This property I attrzibute
to the pit-1 mutation itself since in the alt’ pasent RNA synthesis
is not temperature-sensitive. Can the ability of a cys” ait-1 strain
to grow on lactoce and arabinose also be attrituted to the alt-3
sutation? Two iines of evidence support thic conclusion. FPirstly,
tenperature-resiastant revertants (460/660) and recombinants {69/69)
of WZ30 concomitantly become Ara’, Secondly, I can show that the
increased potentisl for P-gz and arabinose isontrase synthesis in
| €73 8lt-1 strains is chserved only at the permissive temperature,
implying that synthesis of these enaymes.is mediated by a heat iabile
(alt-1) protein. As can be seen from table 3, alt-1 suppresses the
cys mutation in HZ30 about five-fold saising the level from around
¥ to about 150 of wild type. The suppression by alt-1 is temperature
sensitive, the level of ﬂ;gt in WZ30 at 42°C 45 reduced to that of
Wi22 the pagrent (Table 3 and Figure n).

The results of the P-gs assays in the presence of 10'3;1 cAMP
show some gnexpected traits (Table 5). cAMP only partly restores
the level of P-gz with W23, one would expect the restoration of a
normal crp=-cANF system to fully restore S~gz levels as with WZ22, This
suggests that alt-1 in some way interferes with the normal trens-
cription process, This view is confirmed with W257 (_t_:zg: alt-1,
where restoration of @ nogsmal crp-cAMP systenm raised B-gz levels to
only 50% of wild type levels. COne would expect this interference to
be removed when the assay is done at 42°C with W237 but this does not



: -;hézpp‘c'n” It could be posaibze tmt a stabie gemratuga maintmt

comph-x is fomed by the crp m nlt-l avatem-

: Snpbtesaim b‘ry'ait-.l coixid m:cm in at ‘leaat two u#ya; ﬁ‘e '
.aould auppme that the aIt gene pfaduct is directly involved in the '
tzansczipt&on process. 'Z‘hun when an alt—1 cutant gtowing at 30%
‘is raised to 42° the mutmt protein ia inactivated and transcriptiocn
stops. If tuds is §r‘ue~ Vt_l;mjene.wmm expect ENA synthesis to rese -
pond rapidly to the ';hif’é-ﬁp at a rate deternined by the rate of gitcl
protein innctivation. Anemaﬁvaw, tke alt-1 gene z:rcduct could
be an engyme responsible fem the- grmauction af v. osunll effector mle-
cule annxogoua to cAMP, In this ca,se one ﬂoum expect the mapmae
to temperature to be slower since &t muld depend on the Miutim of
. the affectm: mmwle durmg sthh amd can divimm. Ta di&ﬁm- '
' guish thase hmthwes, I measutad t!ie ﬁate at ﬁhich ?«-sa synﬂusia
chanees during & shift from 30 % to 42% (Piguces 3a, 5b).
" o The rate of pmdmtiou cf p-gz in wzaa at 30° ana 42“6 age
m im and at & low lev-e.l, this ds expecte;t as W222 ie the aam as
W21 mem for the cya” magker. Strain WZ30 shows a gate of
enzyme product?ié# ﬂve-é’old bighes 'at, 30° than its pstéﬂtﬁizz. ’
Aﬂomex, after switching to 42°C there is o sapid foll in the rate
' of enayme ;soéu:tian to a level mpnible with wzaa. ‘Note that "
Begz synthesia in 3232 and 1211, ite ir‘im type pa:ent. are not L
affdsteﬁ by teﬁp&f&tuxe ah&ft (Pigures 5&. 5?3). 'rha fan in the

' gate of pegz p:odumim by WZ30 is veey f£apid being eomlcte in 15

minntia (mng befoze the cell mass has dmua (Pagure Sa)). Thus -
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TABLE 3

ﬁ-g alactosidase devels and their fesponse to cAMP and
temperature in cya” crp” and alt-1 strains.

Relevant | 30°- 30% 28
Strain Genotype CAMD cip CAMP
LF3T s’ ait’ | 100 100 100
Wz22 eya” ait’ | 3.2 103 3.3
Wz2s ep” ag’ | ag 2.6 3.0
WZ30 eya” a1l 15 33 3.2
wz57 ey’ alt-i| 47 48 4

Resuits are expressed as s percentage of wild type levels
under the conditions of the sssay.

Assays wore performed as described in materials and methods
{section 2,1I,e), c-ANP was added to a final cenemtution
of m"”g.

The wild type strain W21l produces almost twice as much B
griactosidase in the presence of cAMP due to relief of
catabolite repression in the glucose grown cultures. It
was not possible to do the assays on glycerol growm cultures

as WZ22 and W225 do not gzow on glycerol,
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we fovous the view that the alt-1 gene product is 2 ;’:’rﬁotéiﬁ‘éizuﬁii w
invoived in tranecription. If the alt-1 gene product prédt:ced an
effector molecule one would predict a mich slower change in thé rate

of enzyne synthesis reflecting the dilution of the offector.

From these gesults it was cmciudeé‘ that ?.1-1.":3; 16 probably

a protein which is rapidly inactivated at 42°C, It has a function
which .ia vital -to the cell as the strain is temperature-sensitive for
growth on both rich and mininel media. The tmmtnuaamme'
form of the git pmtain is used by catmnc systms a8 gmth sstaps
much moxe mpid&y in :ich mﬁdium than ‘mimal, » No prediction c.an be
mde about its ammﬁal fmcﬁma. 'r'ne iit.eted fmm can be uaed ta
_; maintadn growth for a midemme paxioa after it has ceaseﬁ to be

- used szr catabmic syste&w, hut th&a act.witv ia fmt etwugh tn main-
| . ta:ln grmm indeﬁnitaly. ae | o ST T

. 1 alt-i is a ;womizi factor which _chi,'aubstimte for the

crp P system in the umzés;mm“@f. catabolite sensitive apemna" o
| it should suppresa @ gzp” and a cEp” 52.: strain as well es o m

~'5txa‘in. The eansfzuceim of W24 (er __g ¢ya alt-1) and wzs& i_q_z_:a
_@_&_{) 48 described in methods (scctiqu 2,111)., During the comm

: aérumiﬁn of these stniﬂs it was observed that while 254 and w2ee ‘

" geew m mininsl ataﬁime at 3%, they did not gmscn ain:lml o
lactose, zy&@s&&_ glyeeml. . 'mis abseivatien led to stwy of the

synthesis of the pegz and aubinese—imaexau enzymes in these steains.
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Legend to Pigg e 68

WZll, W230, WZ84 and WZ86
Pe-galactosidase assays were done ss descridbed in methods

(section 2,1Xe). At points indicated by agrows cultures were
switched to 42°,

W21l - cyn’ cep’ mit’

W230 - cya” cep” alt-1

W284 - cys exp alt-1

WZ86 - cya'_cep” alt-1
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Legend to Fiﬂse 6b

Kinetics of Arabinose Isomerase Synthesis in WZ11, W230,
WZ93 and WZ94

Assays were performed as described in methods (section 2,I11,f). With
WZ11 the first three samples were incubated with assay mix for 15
minutes, the second three for 30 minutes, all other samples were ine-
cubated for 60 minutes.

Cultures weze switched from 30° to 42° at points indicated by arrows.
WZLl - cya’ cep’ ait’

WZ30 - cya” exp’ alt-l

WZ93 - geya” exp” 81t-1 Gly' (from WZ84)

W294 - cya' cep” alt-1 Gly' (from WZ86)

Preliminary assays with W284 WZ86 on glucosé or gluconate grown
cultures showed that catabolite repression under these conditions
made it impossible to measure enzyme levels by the method used, 1t

was therefore necessary to select revertants of WZ84 and WZ86 that

would grow on glycerol but not lactose or xylose (see section 2,I1II),
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ﬁagz and arabincae-isomerase levels in alt-1 strains

Be Agabinose-isomerase

) (+] [+] &) o

Strain Genotype 307 | 42 30 42
+ o+ s

WzZ1i1 cya crp alt 100 | 100 100 100
W230 | ecya“crp alt-1 19} 3 80 0
Wz84 cya crp alt-1| 4 4 - -
w286 | cya crp ait-1 2| 2 - -
w293 | wzsa g1y’ s - 46 0
w294 | w286 gly’ -] - 56 0

Results are expressed as a percentage of wild type levels and are

calculated from the slopes of Figures 6a and 6b.
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Comparing aga and lac operon expression in these strains 1 confirmed
that suppression to Lac' by alt-1 only occurs in the cya  strain,
while suppression to Ara  occurs in the cya , cya crp and crp”
strains (Pigures 6a, 6d, Table §). It would seem that alt-1 is
distinguishing a radical difference between lac and ara expression.
The most obvious difference between these two operons is that lac is
primarily negatively controlled while ara is positively controlled.
The difference in suppression between the lac and ara operons by

alt—1 may therefore be reflecting promoter structure.
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PART 4

DISCUSGION

The selection procedure used appears to be very good for ob-
taining mutations affecting RNA synthesis. Temperature-sensitive
mutations in the alt region occur at @ high frequency. Seventyfour
independent temperature sensitive plelotropic Ara’ revertants from
cya and cxp” perents all mapped in the same region as alt-1
(Silveratone, Goman, Scaife, 1972). Although only one of these has
been studied extensively it is reassonable to suppose that some of
the other mutaticne are of the alt type.

The possibility of a second mutation not in the alt region
being necessary for O@tﬂlim of the cya™ and crp  mutations has
been raised by the inability of a KLP2 alt-1 episome to suppress a
€ya cxp strain. Preliminary results suggest thet this second gene
may be the gene coding for the § subunit of RNA polymerece as defined
by 5_1__!_' mutations., It seems likely that strain differences in the
P subunit gene and not an alteration in this geme during selection of
the alt-1 strain (WZ30) are responsible for this failure to get sup-
pression with the alt-1 epicome. Strain WZ7S5 which was the strain
1 attempted to suppress with the alt-1 episome 1s derived from JC411
whereas the alt-1 strain is derived from Wi653. Martin Rabstein
(personsl communication) has been able to transduce, in one step, a
derivative of W222 (cya™) to Ara’ TS~ with a P1 lysste from WZ30 (cya™
alt-1), showing that the Alt-1 phenotype is s mutstion(s) in s small
region of the chromosome transgucible with Pi.

It is possible that the second site mustion occured during the
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UV nutsgenesis of WZ11 in the isolation of WZ22 (section 2,III). This
possibility could be confirmed or eliminated by constructing a cxp™
derivative of WZ11, by P1 transduction, and then looking to see if the
Ara’ TS™ phenotype can be obtained by a single P1 transduction using

a lysate from WZ30,

Should the ability of alt-1 to suppress prove to depend on -
the particular B subunit gene present in the strain interesting spec-
ulations about the identity of the alt-1 gene product and its mode of
action in relation to RNA polymerase are raised. The g&g;gene yro;
duct could be a subunit of the RNA polymerase core enzyme, the sigma
factor, or a sigma like factor. The results of the RNA pulse-
labelling experiments show that alt-1 does confler specificity on the
transcription it stimulates in that unstable RNA synthesised in rich
medium is the class most dramatically affected by a switch to high
tgmperatu:e. Whether alt-1 acts by directly conferring on the poly-
merase & capacity for recognising certain promotegs or by interacting
with certain promoters so that they are more easily recognised by
polymerase is not known from results so far. Investigation of this
question will probably involve setting up an in vitro transcription
system,

The formal possiblity still exists that the:supptasaion by
alt-1 is mediated through a small effector molecule. This is un-
iikely unless there is a very rapid turnover of the effector or if
the effector can only be used a very limited number of times. The
temperature sensitivity of the é&g;& function and the rapidity with
which the shift to high temperature affect# the production of P-gz and

arabinose-isomerase strongly suggest that alt-1 is a protein directly
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involved in transcription.

The different suppression patterns shown with B-gz and arad-
inose-isomerase can be explained by invoking the positive role played
by the ara € protein. The alt-1 proteins may interact with the ara C
protein, under inducing conditions, to promote transcription and com-
pletely circumvent the need for the crpcAMP complex. The lac trans-
cription system does not have such a protein and it may be that the
expression of the lac genes in alt—1 strains requires the ¢rp protein.
This view is supported to some extent by the work of Lang-Yang and
Zubay (1973) in which they show, in an in vitro system, that the
addition of purified ara C protein stimulates transcription of the
ara operon and removes the requirement foz-_ the Crp=-ciMP systenm,
Beckwith (persbnal communication) has isolated Ara’ revertants of a
£y strain and found that some of these mutations map in the ara C
geﬁe. This shows that the requirement for the crpcAMP system in
transcription can dbe renoved by an slteration in the ara C protein.
The validity of this explaﬁation for the different suppression could
best be answered by constructing an ars C deletion, crp alt-1 strain
and looking at the effect on arabinose isomerase production,

The difference in suppression patterns may also reflect a
basic difference in the promoters of positively (ara mel) and nega-
tively (lac)controlled operons. This model could be investigated
by looking at alt-1 suppression in anothery positively controlled |
operon such as maltose. |

The formal possitility that the cya mutation used being leaky

and producing low levels of cAMP still exists., This low level of

‘L e
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cAMP may be enough to pe:nﬁt expression of the ara operon but not

of the lac operon in alt-1 strains. This does not seem likely as
one would expect all catabolite sensitive oi:erons to respond to

the same levels of cAMP. The introduction of a ¢ya deletion, which”

makes no cAMP, should provide a method Hr eliminating this model.
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Summuary. We have defined a new gene, alt, which affects RNA synthesis in Escherichia
coli. Mutants for alf arise among revertants of strains lacking the CRP-cAMP system necessary
for full expression of catabolite-sensitive operons. Studies on a temperature-sensitive alt
mutant indicate that the alt gene product is necessary for the synthesis of an important class
of messenger RNA molecules.

Introduetion

The lac and ara operons of Escherichia coli, like other catabolite-sensitive (CS)
operons, normally require for their transcription, adenosine-3',5'-cyclic mono-
phosphate (cAMP), and at least one protein factor, variously termed CAP, CRP,
and CGA (Perlman and Pastan, 1968 ; Ullman and Monod, 1968 ; Zubay, Schwartz
and Beckwith, 1970; Emmer, de Crombrugghe,Pastan and Perlman, 1970; Riggs,
Reiness and Zubay, 1971). The CRP-cAMP system is involved in the initiation
of lac transcription (Magasanik, 1970). Strains whose lac expression is no longer
dependent on CRP or cAMP have mutations e.g. Py in the lac promoter region
(Silverstone, Arditti and Magasanik, 1970; Silverstone, Magasanik, Reznikoff,
Miller and Beckwith, 1969). Purified RNA polymerase (holoenzyme) will tran-
scribe lac DNA 4n vitro (de Crombrugghe, Chen, Anderson, Nissley, Gottesman,
Pastan, and Perlman, 1971; Eron and Block, 1971). Transcription of normal lac
DNA is dependent on CRP and cAMP whereas transcription of DNA from the
promoter mutant P}ys is largely independent of these components (Eron and
Block, 1971). The purified system therefore mimics lac transcription in vivo and
this suggests that transeription of the lac operon involves only three components;
RNA polymerase, CRP and cAMP, in addition to the four nucleoside triphosphate
substrates of the enzyme. Both biochemical and genetic studies suggest that the
lac promoter contains at least two sites, one—the target for CRP and the other—
the binding site for RNA polymerase (Eron and Block, 1961; de Crombrugghe
et al., 1971 ; Arditti, Grodzicker and Beckwith, in press).

We shall describe a new class of mutation, termed alt, which compensates for
loss of the CRP-cAMP system. The alt mutants could have a changed RNA poly-
merase able to initiate transcription of CS operons without CRP intervention.
Alternatively, they could have an altered transcription factor able to substitute

* Present address: Department of Biological Sciences, Schermerhorn Hall, Columbia Uni-
versity, New York, N.Y. 10027, U.S.A.
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for the CRP-cAMP system. In its unaltered form, such a factor could normally
act in concert with the CRP-cAMP system, being required to initiate tran-
seription of CS operons. In this case, the interpretation of the transcription studies
mentioned above, would have to be revised. On the other hand, the factor may
normally only be required for transcription of genes of some other class, unrelated
to CRP. :

Genetic and physiological studies show that alt mutations affect transcription
of certain operons, suggesting that they alter a transcription factor, rather than
the RNA polymerase itself. Our studies favour the conclusion that this factor
normally specifies transcription of genes not using CRP.

Materials and Methods
Chemicals. Rifampicin was a gift from Gruppo Lepetit (Milan). Adenine-“C (U) and
uridine-5-°H were obtained from Amersham, isopropyl-S-D-thio-galactoside (IPTG) and
adenosine-3’,5’-cyclic monophosphoric acid (cAMP) from Sigma Biochemicals, BBOT scin-
tillant from CIBA, and polyethyleneimine cellulose plates (PEI) from Merck (Darmstadt).
Bacterial Strains. E. coli K12 strains used in these experiments are described in Table 1.

Table 1. Bacterial strains

Strains Pertinent genetic characteristics Source or derivation

WZ11 F-met B-lact cya* crp*alt* str-r rel- Streptomycin resistant deri-
’ vative of W1655. (Lederberg
and Lederberg, 1953)

WZz22 F-met B-lact cya-855 crp+alt* str-r rel~ Ultraviolet mutagenesis of
WZ11

WZ25 F-met B-lact cya*crp-868alt* str-r rel~ Ultraviolet mutagenesis of
WZi1

WZ30 F-met B-lact cya-855 crp* alt-1 str-r rel~ Pleiotropic, sugar-positive

temperature sensitive rever-
tant of WZ22

WZ44. F-met B-lactcya-855 “glpK > str-r rel~ Glycerol-positive revertant

. of WZ22. The precise nature of
the “glpK” mutation has not
been established

WZz57 F-met Btcyaterptalt 1 str-r Met+ Lact recombinant of
WZ30 mated with D8007
D8007 Hifr G10, his~ (Fig. 1) Matney, Goldschmidt and

Erwin (1963)
ED1002  Hir lac proB, integrated F'ts lact spc-r str-r (Fig. 1) Masters and Broda (1971)
ED1009  Hir lac proB, integrated ¥'ts lact spc-r str-r (Fig. 1) Masters and Broda (1971)
KLF2 F’ argG* argR*/argG— his* leut met B recA— strA  Low (4968)

Genetic loci follow standard abbreviations (Taylor, 1970); cye is the genetic locus
responsible for the production of an ATP-dependent adenyl cyclase (Yokota and Gots,
1970); c¢rp is the locus responsible for production of a protein product necessary for trans-
cription of catabolite sensitive operons (Schwartz and Beckwith, 1970; Perlman et al., 1970);
alt is the locus discussed in this text. Hir origins and their direction of transfer are
indicated in Fig. 1.
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Growth Media. Nutrient broth (NB) was Oxoid NB2. Two liquid minimal salts media
were used; MS (de Haan and Gross, 1962) and M63 (Pardee, Jacob, and Monod, 1959) to
which glucose (0.2%), vitamin B, (1 pg/ml), and growth supplements (20 p.g/ml) were added.
Solid media were obtained by adding Davis New Zealand Agar at 1.25% (NB) or 1.756%
(MS) to the appropriate liquid media.

Bacterial Crosses. Our mating methods are described in Scaife and Pekhov (1964).

Assay for B-D-Galactosidase. Exponential cells appropriately diluted in one ml of MS
were added at 0° to a mixture of 0.2 ml of 0.1% solution of CeTB (Tyler and Magasanik, 1969),
0.8 ml of PM? buffer (the reducing buffer of Revel, Luria and Rotman, 1961), and 0.01 ml
of 1% sodium deoxycholate (DOC). We assayed the samples (Revel et al., 1961) using 1.0 M
Na,CO, in 8M urea to terminate the reaction.

Enzyme activity is expressed as the corrected change in OD,, per minute per ml of
culture.

Measurement of Total RN A Synthesis. Labelling of RNA and inhibition of RNA synthesis
is deseribed by Pato and von Meyenberg (1970). Cultures grown in NB or supplemented M63
containing 40 pg/ml uridine were labelled with uridine tritiated at position 5 of the pyrimidine
" ring (2.5 pCi/ml, 40 pg/ml) to minimise the entry of label into DNA as thymine. Initiation
of RNA synthesis was stopped with 200 pg/ml rifampicin. Samples were prepared for counting
as described by Bremer and Yuan (1968), and counted in BBOT-toluene (4g/l).

Cyclic AMP Assay. The assay we used was a combination of methods developed by
S. Fogel and by G. Edlin (personal communications). It involves the fractionation, by two-
dimensional chromatography, of labelled nucleotides from cells grown in ¥C-adenine. The
PEI chromatography plates are washed according to Randerath (1966). Cells exponentially
growing in supplemented M63 containing 50 ug/ml “C-Adenine (U) (50 uCi/ml) for 3-4
generations are concentrated on Millipore filtérs (107 cells), and then extracted in 2.5 ml of
0.3M perchloric acid at 0° C. The debris is removed from the extract by centrifugation and
the supernatant is neutralized with two drops of EDTA (0.5M) + KOH (6M). The precipitate
is removed by centrifugation and 40 ul of the supernatant, adjusted to a standard specific
activity is spotted on the PEI cellulose plate with a 10 ul solution of cAMP (10 mM) as a
marker. Each sample is fractionated by two dimensional LiCl chromatography (Cashel and
Gallant, 1969). The cAMP marker shows up as a fluorescent spot under ultraviolet light.
This spot is cut out of the chromatogram and its radioactivity measured in a gas-flow counter
(Nuclear Chicago).

Results

The Isolation of Alt Mutations. We have derived alt mutants from two dif-
ferent starting strains. One of these is WZ22 which has a mutation, c¢ya-855,
which reduces the intracellular concentration of cAMP to less than 5 per cent
of the normal level (Table 2). The mutation cya-855 maps between metE and v
(Silverstone, Tsuji and Scaife, unpublished), the region containing the gene for
adenyl cyclase (Yokota and Gots, 1970). The expression of catabolite-sensitive
operons is much reduced in WZ22 (Table 2), a defect which we attribute to
inactivation of the CRP-cAMP system. As expected, the defect can be reversed
by exogenous cAMP (Table 2).

The second strain giving rise to alt mutants, WZ25, has a different mutation,
crp-868, also reducing the expression of CS operons. However, the mutation does
not affect the cAMP concentration in WZ25, and its effect on CS operons cannot
be reversed by exogenous cAMP (Table 2). The mutation therefore has the
phenotype expected for a mutant lacking the CRP factor. Strong support for
this conclusion comes from our observation that the lac promoter mutant, pyys,
which is transcribed in the absence of the CRP-cAMP system (Schwartz and
- Beckwith, 1970), can be transcribed in crp-868 (data not shown). As expected,



226 A. E. Silverstone et al.:

Table 2. f-galactosidase synthesis and cyclic AMP levels in wild type and mutant strains

Strain Relevant f-D-Galactosidase synthesis cAMP level
genotype :
30°C 42° C Experi- Experi-
D

" GAMP + oAMP cAME ment 1 ment 2
WZ11 cyataltt 100 100 100 197 231
WZ22 cya-855 alt* 3.2 103 3.3 28 33
WZ25 . crp-868 alt+ 2.7 2.6 3.0 201 213
WZ30 cya-855 alt-1 15 33 3.2 37 36
WZ57 cyat alt-1 47 48 46 — —
Blank — — — — 16 24

(a) Cyclic AMP was assayed in cultures grown at 30° C from which perchloric acid extracts
were prepared as described in Materials and Methods. After fractionation on PEI cellulose
with LiCl, the amount of label in the spot corresponding to cyclic AMP was counted as
described. Values given are the number of counts per minute per spot. The blank value was
obtained by adding label to a perchloric acid extract of unlabelled WZ11.

(b) Each value for f-galactosidase represents the increase of enzyme activity synthesised per
unit increase in OD (Klett units, red filter) of the assayed culture. These values are expressed
as a percentage of the wild type activity in that growth condition.

(c) Cultures of the wild type grown with cAMP (10-° M) show almost twice the f-galacto-
sidase activity found in an equivalent culture without cAMP. This is due to relief of
catabolite repression in these glucose-grown cultures (Perlman ef al., 1969; deCrombrugghe
and Pastan, 1969).

(d) Note. We find f-galactosidase synthesis by WZ30 to be unchanged after it has been
transduced to rel*.

crp-868 is cotransducible with strd4 (Perlman, Chen, de Crombrugghe, Emmer,
Gottesman, Varmus and Pastan, 1970).

Revertants of WZ22 and WZ25 occur at a frequency of 10-% to 10-7. They
are readily selected on minimal agar containing arabinose as sole carbon source,
since utilisation of this sugar requires the CRP-cAMP system (de Crombrugghe,
Perlman, Varmus and Pastan, 1969). Some Ara* revertants continue to express
other CS operons at a reduced level. They could have a mutation in the ara
promoter circumventing its requirement for the CRP-cAMP system. The re-
mainder regain function of the other CS operons. These pleiotropic revertants
have therefore acquired a mutation which either restores or compensates for the
CRP-cAMP system defective in these parent strains.

It is a remarkable fact that about 5% of the pleiotropic revertants are unable
to grow at 42° C, either on minimal-glucose, or nutrient medium. We call these
alt mutants (alternative to CRP-cAMP). Their properties form the basis of this
investigation.

The Genetic Identity of Alt Mutants. We have studied 75 independent alt
mutants isolated as revertants of cya-855 and crp-868 strains. Mating experi-
ments show (Table 3) that the alt mutation in every case is located in the small
sector of the E. coli chromosome between metC (59 minutes) and spc (64 minutes).

The alt gene is transferred early by Hfr ED1009 but not by Hir ED1002.
It is carried by the chromosomal fragment of KLF2 (Table 3). The alt-1 mutation
does not cotransduce with argG or pap (data not shown), indicating that the alt
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Table 3. The mapping of ¢crp and alt mutations by conjugation

Recipient No. of Donors yielding wild-type
genotype ‘ isolates recombinants
tested
KLF2 ED1002 ED1009
met B erp-868 (WZ25) 1 — 4+ +
met B cya-855 alt-1 (WZ30) 1 + — +
met B crp-868 alt: 74 + — +

met B cya-855 alt

In each cross the donor marker tested for transfer is indicated in bold type.

(a) The Hfr crosses. From each cross we selected metB+ recombinants, which were then
tested for the crp* or alt* character. 4 =more than 70% of met* inheriting the donor
marker. — =less than 1%.

‘(b) The KLF2 crosses. The alt* derivatives were selected directly at 42° on minimal plates
containing methionine and glucose. The KLF2 donor yields 10* alt*+ derivatives per ml of
mating mixture (parent input 22 X 108 cells per ml). In a control cross the same donor yields
5 X 10t argG+ derivatives per ml. The alt+ derivatives transfer KLF2 and segregate alt~ at a
low frequency (10-2).

gene is very close to either metC or spc. In the case of one of the mutants, alt-1,
we have shown that a single lesion is responsible for temperature sensitivity and
the restoration of CS operon expression. Spontaneous temperature-resistant
revertants were selected from WZ30 cya-855 alt-1. All of these (660) concomitantly
became arabinose negative. If the two phenotypes were due to separate lesions,
most, if not all our derivatives should have remained Arat.

Do Alt Mutations Restore the CRP-cAM P System ? The alt-1 mutation does
not change either of the known factors (CRP and ¢cAMP) required for normal
transcription of CS operons. If the mutation changed the CRP protein
enabling it to act without cAMP, alt-1 should map in the c¢rp gene. The crp gene
is located close to strd (Perlman et al., 1970) and is transferred early by Hfr
ED1002 (Table 3). As we have seen Hfr ED1002 does not transfer alt early. In
addition we can show that alf-1 does not open a new route for cAMP synthesis.
The strain WZ30 cya-855 alt-1 contains no more detectable cAMP than WZ22,
its alt* parent (Table 2). Moreover alt-1, isolated as a suppressor of cya-855, will
also suppress the ¢rp-868 mutation. Suppression of both cya and c¢rp mutations
would not be expected if alt-1 affected cAMP synthesis.

Since we find that alt-1 has no direct effect on CRP or cAMP, we conclude
that it provides an alternative mechanism enhancing the expression of CS operons.

Does Alt-1 Affect Messenger Synthesis from CS Operons ¢ Strains defective for
the CRP-cAMP system synthesise a low amount of f-galactosidase (Table 2).
The effect of the alt-1 mutation is to increase 3-5 fold the f-galactosidase syn-
thesised by such strains (Table 2). The increment disappears when a cya-855
alt-1 culture is raised to 42° C (Table 2 and Fig. 2). Thus, the process permitting
excess enzyme synthesis is temperature sensitive. We can ascribe the excess
synthesis either to more efficient translation of the residual lac messenger in
cya~ strains or to an increase in the amount of lac messenger.
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ara

Fig. 1. A genetic map of K. coli showing the markers, Hfrs and F-prime factors used in this

study. The two Hfr strains were formed by integration of Fy, lac into the bacterial chromo-

some (Masters and Broda, 1971). The F’ factor, KLF2, is also called F102. Its chromosomal

fragment, does not extend as far as str-A (Low, 1968; Goman, unpublished). This confirms

the separate identities of the alt and crp genes, since crp maps beyond str-A (Goman,
unpublished) and KLF2 carries alt

Results reported below show that the synthesis of certain messengers is tem-
perature sensitive in alt-1 strains. Thus it is reasonable to infer that alt-1 stimulates
B-galactosidase synthesis by increasing the synthesis of lac messenger.

A convenient technique for detecting the total messenger RNA synthesised
by a bacterial culture has recently been devised (Pato and von Meyenberg, 1970).
The culture is challenged with rifampicin, which rapidly prevents further initia-
tion of RNA chains. Chains initiated before the drug is added complete their
synthesis. They are labelled with 3H-uridine, added at the same time as the drug.
A fraction of this label is contained in unstable molecules, presumably messenger,
which can be seen to disappear during further incubation of the culture. The
remaining label is in stable RNA (Fig. 3).

At 42°C, a broth culture of WZ30 cya-855, alt-1, stops making detectable
unstable RNA, while stable RNA continues to be made (Fig. 3). Such a culture
ceases to grow (OD) within one generation after the shift. These observations
suggest that a step necessary for messenger, but not stable RNA synthesis is
rendered temperature sensitive by alt-1. We can be sure that this temperature
sensitivity is caused by alt-1 since WZ22, the cya-855 altt parent of WZ30 can
make unstable RNA in broth at 42° C (Fig. 3 A).

Not all messengers require the alt-1 product for their synthesis. They can be
detected in a minimal-grown culture of WZ30. In such a culture synthesis of
detectable unstable RNA remains virtually unchanged for more than an hour
(1.2 generations) after the shift to 42° C (Fig. 3 D), and growth stops only after
4 generations. This difference can be explained if we recall that growth in glucose-
minimal medium demands derepression of all biosynthetic pathways; it seems
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Fig. 2A and B. f-galactosidase synthesis at 30° C and 42° C in wild type, cya-855, and alt-1
strains. A, Strains WZ22 cya-855 and WZ30 cya-855 alt-1. B, Strains WZ11 cyat alt* and
WZ57 cya* alt-1. Cultures were pregrown in supplemented MS-glucose +10-3 M IPTG at
30° C. They were then diluted in the same medium at 30° C, allowed to resume exponential
growth to the Klett values indicated, and then sampled and assayed as described in Materials
and Methods. Cultures were shifted to 42° C at the optical density indicated by |. 30° C (x);

42°C (o, o)

that synthesis of messenger from biosynthetic operons does not require the alt

product. j
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Fig. 3 A—D. Measurement of total RNA synthesis by WZ22 and WZ30. Cultures were

maintained in the exponential phase at 30° C, and incubated at 42° C for 1-1.6 generations.

An aliquot (2.5 ml) was taken from each culture and exposed to rifampicin (200 p.g/ml)

and 3H-5-Uridine at 0 minutes. Samples (0.1 ml) were taken at the times indicated, prepared

as described in Materials and Methods, and counted. Values for RNA synthesised are counted

as a percent of the average plateau value for the particular experiment. 30° C control culture
(m); 42° C culture (o)

Our pulse-label experiments have enabled us to detect a class of messengers
whose synthesis requires the alt-1 product. We therefore conclude that in selecting
strains regaining CS operon activity, we have isolated mutants in which tran-
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seription of CS operons is restored. This renewed transcription is determined by
the alt-1 product.

The Mode of Action of the Alt Product. The evidence we have presented
indicates that the alt-1 product is a factor which permits transcription of CS
operons. In order to test whether the alf product normally participates in CS
operon transcription we have examined the behaviour of a strain combining a
normal CRP-cAMP system with the temperature sensitive alt-1 product. We have
assayed synthesis of g-galactosidase in a culture of WZ57 cyat crp* alt-1 shifted
from 30° to 42° C. We find that the temperature shift has no effect on the relative
rate of fB-galactosidase synthesis (Fig.2 B). The simple interpretation of this
result is that the alt product (in its heat-labile, alt-1 form in this strain) does not
normally participate in CS operon transcription.

The Character of Alt-1 Mediated Tramscription. Our mutant WZ22 cya-855,
which contains little or no cAMP, expresses its CS operons much less efficiently
than its cya* parent. This agrees with the conclusion (de Crombrugghe ef al.,
1969; Zubay et al., 1970) that maximum CS operon expression depends on the
¢AMP concentration in the bacterial cell. The residual enzyme synthesis in cya-
strains is resistant to transient and catabolite repression, effects attributed in
cya* strains to the reduction of the intracellular cAMP concentration. This
resistance is shown in the following way.

The strain WZ47 is a glycerol specific revertant of strain WZ22. It can grow
on glycerol and glucose-minimal media, but it cannot grow on other carbon
sources such as lactose or arabinose. The mutation conferring this new property
maps near the gipK locus (Silverstone, unpubl.) and is probably similar to the
lac pyvs mutation or the glpK mutation described by Berman and Lin (1971).
Addition of glucose to a glycerol-growing culture of strain WZ47 does not affect
the differential rate of §-galactosidase synthesis detectably (Fig. 4). On the other
hand, addition of glucose to a glycerol-growing culture of strain WZ30 cya-855
alt-1, results in the immediate arrest of f-galactosidase synthesis known as
transient repression (Magasanik, 1970). After one half a generation, 8-galactosidase
synthesis then resumes at half the differential rate in glycerol growing cells
(catabolite repression). Therefore, the new system for transcription of CS operons
appears to be subject to the glucose effects of catabolite and transient repression,
although there is no detectable cAMP in the cells. We conclude that catabolite
and transient repression can be mediated in E. coli by a substance or substances
other than ¢cAMP. This conclusion is reminiscent of the recent finding (Prival
and Magasanik, 1971) that Klebsiella aerogenes has a system other than the
CRP-cAMP system, which can promote initiation of transcrlptlon of some CS
operons in response to changes in growth conditions.

Discussion

Our studies permit us to draw a number of firm conclusions about the alt
function. The product is almost certainly a protein, since our alf mutants are
temperature sensitive. It is a product which is vital to the cell, since, all tested
alt-1 strains are unable to grow on any medium at 42°, while an alt-1/KLF2 alt+
partial diploid can grow at this temperature. The alt+ product mediates in the
synthesis of certain RNA species and we can explain the temperature-sensitivity

16 Molec. gen. Genet, 118
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of alt-1 strains if we assume that at least one of these RNA species is vital to
the cell.

We can draw some general conclusions about the nature of the RNA species
whose synthesis requires the alf function. Firstly, we can be sure that the alf
function is used for the synthesis of some CRP-independent RNA species, because
a broth-grown cya— alt+ strain (WZ22) synthesises unstable RNA which cannot
be found in WZ30 cya— alt-1 at 42° (compare Fig. 3 A and C). The transcription
of CRP-independent species may be the exclusive function of the alt* product.
In this case we must assume that alf-1 is a mutation which permits the alt protein
to recognise CS promoters without abolishing its original specificity. The fact
that lac expression ceases to be temperature-sensitive in ¢rp* cyat alf-1 strain
supports this conclusion. However, we would like to emphasise that this result
does not exclude the possibility that alt+ does normally participate in lac tran-
scription, that the alf-1 mutation enables it to promote lac expression in the absence
of CRP or cAMP and that the alt-1 protein is stabilised on CS promoters by an
intact CRP-cAMP system.
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We can envisage several possible functions for the alf protein. The simplest
hypothesis is that the alt protein is a factor which enables RNA polymerase
to initiate transcription of certain genes, for example by causing the enzyme to
bind to their promoters. Such a mechanism has been proposed for CRP action
(Travers, Kamen and Schleif, 1970). There are, however, other possibilities. The
alt protein could have an enzymatic function, modifying either the polymerase
or promoters, to facilitate the initiation of transcription. Otherwise it could be
a subunit of RNA polymerase. The subunit would determine, directly or indirectly,
the promoter-affinity of the enzyme, and in the ali-1 mutant would show its
temperature-sensitivity only on certain promoters.

Recent genetical and biochemical studies (Eron and Block, 1971; Arditti,
Grodzicker and Beckwith, in press) indicate that the lac promoter contains a
specific CRP target site, deleted in the p~ mutation L1. Experiments are in
progress to determine whether alt-1 acts at this site, or at the RNA polymerase
binding site characterised by the lac promoter mutation pyys.
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