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- Abstract X § .
4 _.“l, . A —‘ ) ’ :t.‘.‘ ‘J ) . . ’..l' s - "' - a .‘ ‘-:; \
The recent mapplng of the gene for.’t rlbosomal protem Sl ' , _:.;
( p A) at 20 mlnutes on< the E. coln. chromosome (Onoq' M., : " ‘
°M1ch1h1ko, K. & Mlzush.una, (1979) Mol Gen Genet 174 ' ,.L'.{ .

11 15) ’. has been exp101ted .Ln stud:.es aJ.med at the identl—-'

Wel sberg ' person .

amlde gel electrophorens._'_ Thls analys1s has 1nd1cated

[P

."”that among the srx;-&g so bacter:Lal proteins encoded by ‘

"":'this phage, one comlgratlng Wlth pure Sl a'!: pI 5 6 and

to be expressed u‘aer the dlrectlon of A a bactenal promot-—:_ i

P »:“

»A detalled restrlctlon map of the genome of the AaroA

transduc:.ng phage has been constructed from the results ofj_

atlon has permitted an analys:.s of the relatlonshlp betWe—,,-;_‘:'--"

F— /

i en the arrangement of bacter1a1 I)NA sequences 1n the mse—,..'”



:-f‘.: contained hy. the transduclng- phage and thaf/ of {:he

,-

chromosomal region from which :.t was.denved The’ sim:.la;:

, > R v

C

promoter for th;Ls gene"'t
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contalnlng 1n E. COll a total of flfty—three unlque

-these r;bosomal components exhibits both a,strlct ooordl-

INTRODUCTION N

Background .

The bacterial-ribosome‘possessés a compleX‘structureJ’

’ ",

N
~

4

r—protelns and. three dlfferent rRNAs. The accumulatlon of

nation anong individual species (1), and“a collective
sensitivity to demands of‘cellular_grSWth rate (2) and
oonditions of amino acid starvation (3). '

bur understanding- of the mechanisms nnderlying'this

regulated expre331on of ribosomal genes, both r—protelns

<,
.and rRNA “has improved cons;derably in recent years (see

4) largely as a result of the‘development and use of a
s - , ane .

.variety of novel genetic methods..These methods have_

;.depended ‘to a large degree upon the avallablllty of rlbos-

omal genes isolated in the form of spec;allsed A transduc—“

o

ing phages._ThE'mainladvantage afforded“by the use of-

these phages has been their freedom from'the problemg . -

posed tngenetic;anaines by the.ribosome'srconp%exity and
indispensability for;oeiljviabiLity. |

-The apprbaches taken in the‘isolation of these transdu-
c1ng phages ‘and the range of contexts in which they have

proved valuable is discussed below in: reference to the

-

. -



study of r-protein genes. —

~

Transducing phages containing ribosomal protein genes

Isolation of‘tranSducing phages’ .

o,
. . Y . . - <
B : . oo A . e

The creatlon of’ A transductng phages cOntalnlng ‘a part-

. 1cu1ar bacter1a1 locus ocours in. most 1nstances only as a’

I

' ‘rare- event, owxng to a requlrement for two 1n themselves

'rare occurrences~ phage 1ntegrat10n at a chromosomal 51te

close to the gene of 1nterest, and aberrant exc1sron of
-

the prophage from thlS s1te to produce a phage 1nclud1ng

an approprlate segment of bacter1a1 DNA. The frequency of

';aberrant ex01510n of A prophage 1s generally of the order

of 107* per. ;nduced lysogenic cell (5) The freguency of

‘prophage 1ntegratlon at“51tes around the chromosome varles
-greatly from srte to sxte but 1s generally less than 10 .
'-fof the frequency of 1ntegratlon at the prlmary A 1nteqrat-§x
l'1on 51te (attl)(s 6) The comblned rareness of these two

events has usually demanded that powerful selection metho-

ds be avallable to allow 1solatlon of transduc1ng phages
contalnlng‘partlcular 10c1 (5) 7

The lack of selectable mutant phenotypes has 1n most

lnstances precluded the use of dlrect selectlon methods 1nf
the 1solatlon of phages contalning r-proteln genes. Inste—-

ad; lndlrect approaches to selectlon have had to be adopt— :

,,“ . . BRI RERE .




ed based upon the. knowledge where available of the positi-

on of the desired locus in relation to surrounding select-

-
O

able chromosomal markers. The selection methods employed

in thése indirect approaches.have involved two overall

.strategles. In the flrst, lysogens contalnlng prophage
'iﬁlntegrated at points proximal to the locus of 1nterest

Ihave been selected (7 8) In the second, phages conta1n1ng¢r~

"

Lbacterlal DNA from the de51red chromosomal region have
ff.been selected from a mixed lysate (7 9 11) Both strategl-_';
‘.~es have 1ﬂVar1ably lncluded use of host stralns deleted
for attl 1n whlch the relative frequency of’ rare lysoge-~ :

'ns is enhanced approx:.mately 200 fold (5 6).

f
The appllcatlon of ‘these technlques to the task of

1solat1ng r-proteln genes has in general proved remarkably

-successful Of the flfty-two loc1 encodlng r-protelns in

E.. c011 all but eleven (pos51bly ten),‘have been obtalned

‘1n the form of specxallsed K,transduC1ng phages (Table l)

& .

'-zThe magnitude of thls suceSs must however be attrlbuted 1n"

/

*}part also to the clustered dlstrlbutlon of many r-proteln

~genes 1n several areas of the chromosome ThlS clusterlng

* e o

~has allowed the fortultous isolatlon of many r-proteln

-,genes W1th1n phages selected speciflcally, albelt 1nd1re—

';ctly, for others closely llnked. .: L ‘ ﬁb“h, . é%?
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Selected Reference
markeru

T

the level of’lysogen"(l) on~
orat the level ‘of transducing phage

(p) on the basis of marker complementatlon.

'&n vitro

* hybrid phages constructed

*' based upon the rebently

(Epgu) (19)
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,f; . T L #Mappfng=of" bosomal protein genes fl'f : :jtf;}g';j{fﬁﬁ

i ~:( : Two prlnC1pal approaches have been used to map genes
S encodlng r-proteins~on the E. COll chromosome. The flrst,.o
3 ﬁ“;' ‘VQemploying antlbiotic-re51stance and condltlonally-lethal

'fmutants w1th lesions in defined r-proteln genes (20),*has

"3'allowed mappinglof’selected locl 1n w1dely dlspersed

L -gf ,f locatlons of r—proteln‘genes closely llnked to those alrew
5 - ;' The beneflt realzsed from thé use of

1;*»$f‘5‘=:}urﬁufpg ng essential cell components, the 1ocations of all but

.uh_ 1

bllshed on the ;f
: : S ;ﬁh 5

17,

fihosomaiﬁp;oteinqgenefbrganisat

R S

. - m

.},4’:.-

'source of materlal for 1nvest;gatlons of the_organlsatlon

four of the flfty—two genes for r—protelns have~been esta-i_;;ﬁ

ion and "

—proteln genes has 1n several 1nstances*prov1ded an ldeal'-




".Table 2.
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" Wapbing of Fibosonsl piotein gends: |

e - I
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¥/ Protein (locus) i,

MaP Pos1tion f}}f

(mJ.n)

k)

- .f-‘Ref'_érence\

| iSL. (zpsA).
C LT 82 (EPEB)
. 83 (rpsC) ¥
t. 784 (zpsD).:
.t~ 85 "(EpsE)
.. - S8 (rpsE)
v '87-(zpsG).

Yoo SB- (EEH)* K :. .

.89.(zpsI} .7,
- w81k (zegx)*'. RN
. 812" (zpsL) ., . v
€1513'1£g§y)*
-'815 ..(xps 8O) 5w o s
sT6 (zBamy () v
- ..817 ;.(%Q) L

o gpmye
L2 (ZpIB)r L
;o L3 (EpIOY Y

LA (EPID) G o

Vi L6 (] F)* - \ R IR
";LQ (rpll) l}.fn"z:u_x L
' ‘Llo 1J)*'

s 820 (EEET)' S

L1 K)* Do
L7/Ll 1,) (*)
“eLl3 lM)

"L14. (EBLN) * L

' - " 119 (zpls)

L20 . (zplT)-
L2l "(55510)

L22."(£E£v) tv‘ L e
Lo .,,L23': (EPLW)*-,}.- L
. 124 (_I_'_LI_X) LAEP

PR S

1510 (iRagy i

72 ". N

- not known
LlsfirElo)f,fu=f.1«;;.;k.‘
LlG“('zp;-'L_PH.; T
- LY7.(xplQ) *‘..:-.' S .
~L18 (TplR)}* - -

b "72
' ;'72
72!
72+
©, 56, .

i A
not known )

68 .
- 72
; A' 72
; ‘;",'..-'72
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Mapp1ng of ribosomal proteln genes.,

-'L30 " ( _B_D) *_,,l
L31“<£2£E)
1-32 (EPEF)
34 ¥

A 8T

(*) indlcates r-proteln-locl mapped uB;ng A phages confir—,
med with the aid of convent10na1 technlques. .
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'.rhprote;n gene:

,flysogenlc iqfected W1th the parental‘phaqes and thelr

‘ —

‘;;;deleted derLVftlves (16 39 4%). Second the analyqls of

;.;prgyucts synthe51sed 1n in v1tro cell free systems prlmed

.

.V'with 1nd1v1du 1 restrlctlon fragments prepared from each

' -

EESI —' -

7sduc1ng phageé or more prec;sely,subclones containlng

vf: e

l‘r_urestrlction fragments derlved from them, have nrov1ded a:

[ e _-;,': R

s..,'

) I o
’of the flne structure of the transcrlptlonal unlts 1n ; :

T
oy

‘”whlch r—proteln genes of these reglons are grouped (48 52)

LN

These 1nvestlgatlons haVe in comblnatlon allowed for a

: prec1se deflnlt%on of features of the orqanlsatlon of both

e

.clusters 1mportant for thelr regulated o

xpre551on.

o fphage (45 47) More recently, studles u51ng the same tran-*

tmore detalled plcture.at the level of nucleotlde sequenceﬁv'

e e




L flrst, employlng transduc1ng phages and their derlvatlves

PP S '

10

¥

Studies of the regulation of ribosomal protein gene.
expreskion -

'a
- 4 -
t

EMe regulatory mechanlsms ensurlng the coordlnabLOn of

.

synthesis or 1nd1v1dual r—protelns and collectlve sensrtl- Lo

I

)| «,.

-,.es in these studles.‘ =37:7.'[;g;¥;,2¥

The analy51s of mechanlsms underlylng coordznatlon of

r o ._a. ..'.

expressxon has rnvolvEd two pr1nc1pa1 apprOaches. In the

'of mRNA hybrldlsatlon probes, the 1nfluence of gene copy
=y

number on the expressxon of SpElelc r-proteln genes at',;f

, -

transcrrptlonal and post-transcriptlonal levels has been

anaIysed 1n vivo' (53-56) In the second, usrng transduclng

2 ’

'ﬂq.q phage DNAs as templates for transcrlptlon and translatzon

R T T SO A A Y

g

) KE ¥

51on of 89801flc r-proteln operons has been examined (57—';'t';'

61) The combinat;on of these approaches has, by suggest1—=z

N

~QV ng the exlstence of .gn assembly-condltzoned feedback.regu-‘**f-ﬁ

latory meqhanlsm governlng)ghe synthesxs of.r—protelns

. -
’ . F ke

'vity of these syntheses to condltions of cell growth have [

been the subject of Lntelse research interest for a number?‘

- both 1n the constructlon of merodlplolds and in the role {“s,l

RTINS

(revrewed Ln 62), 51gn1f1cant1y enhanced our understandlng L

" ._~.L‘ . Lo

of the means’by wh1ch coordlnated accumulatlon of rlbosom- o

of years (see 4) Specxallsed A transduclng phages cOntal-ffu*l-fﬁﬁr“"

in- v1tro, the effect of 1nd1v1dua1 r—proteins upon expres—ﬂ:'3f"
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'h"_~g;l?;al components mlght be a6comp119hed f;t ;;'4i'-~Tf"*
R The ana1y51s of mechanlsns underlylng the effects of :
-growth rate and amlno aCLd starvatlon upon r-proteln gene %ﬁ f}({‘ixb;i

V‘é.expreSSLOn, whlch has 1nvolved a varmety of approaches, "‘fjf;ﬁl-'u'}‘”

;E;has also relled heavxly upon :henuse of transduc1ng phages,iﬁ'j“”~

‘.’: as mRNA hybr;disat;on probes (63 66),'and a3'temp1ates for

K

”¥transcrlpt10n and translatlon 1h v1tro (67 69)5:"

'fThe phys;cal properties of proteln Sl Ia proteln of the ’;'f_@ﬁfffyf

.tfsmall ribosomal subunlt so named because of 1ts behavxour

t ﬁ:gsfiln the two dxéenSLOnal polyacrylamldepgel electr0phoret1c ;; . “_ L
P }";;%system of Kaltschmldt & Wlttmann (see 70), have been the 2:¢f;'7}5f?f§;ﬁ
‘ ) "1subject of mnch recentllnterest. Proteln Sl dlffers from ';Yi}?l&f{;:“lf
"ﬂiﬂt;'f;E*;;the majorit§ of r-protelns in: posse551ng ‘a relatlvely-hlghl :.. -

Vt”molecular welght ﬂd‘~ 65 000 compared to an average M,'

.gi?lv 500 70)' and relatively 1ow pI (pI ~. 5 0 compared to

. f ;an avefage basic pI 71) One focus of thls attentlon has.'

R P T 1\_
aclde.(72 73) The characterlstlcs
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_ S - for the protein in 1nducing melting of secondary structure 'Y'"'
;o 4 ,",.ns at the 5‘ end of mRNA,“as a prelude to translation 1n1t1a—:gfi
o e .;f. o . %
. tiOn (77)..Second 1n regard to its participation in the ,ﬂ:b
y '}fvﬁﬁﬁ replication ofathe 51ngle-stranded RNA phage Qp (78), the o
R PR oty - . . : e
il | 3 ,specificity of this 1nteraction for partioular s;ngle- :f

:-77)

"
lv-'. »
R S K -
‘; .
2.

.“:1' ‘itional enrichment (Bl), in the'manner charaoteristic of

-“,t-
w .

an r-protein However, the regulatory‘mechanisms ensuring

gt 1

:fthis pattern of synthe51s have remained to a large extent

d (‘. iy - X _' .f
b transduC1ng phage carrying this locus as a first step

‘-

toward elncidation of the gene s organisation and fine~t,

. 5 ,. PRI

-
= at L |.- L

: }fi; structure. The study reported here, which describes the‘
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: :'.'.' b519.. (hereafter referred to “as' 7\ helper) bY an establlshed":_f",.
- 'ﬁ_fa?zﬂfﬁ,% procedure (5 R. We;sferg, personal communlcatlon).du'ifl &
' s.. .7 - Preparation’of-bacterigphages
Sl e s R T e e T e S e
' o ! ‘t .."' woe e -"." ‘.:‘l“'*':'\ et

,A helper phage 7

Straln Rw262 was grown for thls purpose 1n Tryptone ‘f;f;;fﬁé“

broth (TB), and enriched medlum containing per lltre, 10 g

ml) and maltose (0 2%) .rExponent:Lally grow1f1g cultures of
f1§3 RW262 at A6°° 1 0 were removed, brought,to lO mM MgSO4
.' : x.‘." R " e e

and*mixed W1th R helpef‘ftock (mult1p1101ty of lnfectlonff'“

o. .

0 001) 1n"TM_buffer comprlslng, 10 mM tris HCl/}pH 7 4),"
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Table 3. Relevant characterlstlcs of bacterial and phage

stralns. ’
'Stréin ‘ . Relevant genotype and Source
: b - characteristics '
5159 , uvrA strA 20,/UVL-sensit1ve J. Friesen
. ° Z 3)
'S159 (Apapa) 5159 lysogenlsed with lpapa . J. Friesen
. .‘"V.‘ . " .' .(84) N ” - . 0
. RW262 .. . EF tonA, perm1551ve for 57 R. Weisberg ..
Co ' ;.mutants (5" . T A
’ . LR . &
RW1315 a#dALstrA;supoiinlqﬁéo requis. R. Weisberg
o , ring  aromatic. amino acids , Lo
RW1338 . RW1315fljsogenlsed with both R. Weisberg
AcIB57xi5657nin5b515b519 and '
. - its-derivative, AaroAl33s,:a
"+ defective transducing phage
complementlng the aroA muta-
- tion . v
Cc600 .. F7 (85)° . _> B. Bachmann
. L . 3 A
, -
‘ -
, : . -

o A b € Lo S e vkt Ay e © e . . L Lt I SRV SO
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0.3 ml aliquots of this mixture were added each to 3 ml
TB 0.3% agar and immediately poured in overlay onto fresh
TB 1.5% agar-plat%s. The plated mixtures of phage and

host were .incubated at 37°C for 5-6 hr to confluent lysis,

- harvested and treated with 1% chloroform over 15 min a‘t

4°C to complete the release of phages. Crude lysates of.

Ahelper Were then-cleared of-agar and cell debris by

‘centrlfugatlon flrstly at’ 6, 500 rpm/s m1n/4 C then at

s 10 000 rpm/ZO .min/4°C’ (Sorvall, 5334)

Purlfled A helper was prepared from crude lysates by a

comblnation of dlfferentlal ‘and CsCl den51ty gradient .

’ centrlfugatlon. Phages were pelleted by centrifugation at

15,000 rpm/4 hr/4°C (Beckman; Type 30), and the pellets

'shaken dry then Overlayed with small voluhes of TM buffer.

,ted'Csél solution,a 1.52° g/ml and spun to equlllbrlum at -

After gently mixing for 18-24 hr at 4° C, the resuspended
materlal was pooled 1n 2 ml total volume and cleared of
aggregates by centrlfugatlon at 6,500 rpm/5 m1n/4°

(Sorvall; Ss34). The supernatant was adjusted w1th satura-

')lk

40,000 rpm/zo.hr/4°C (Beckman; SW50.1). A band represé;tli‘

. ng purlfled A helper phage was then. collected by lateral

puncture in 1 ml and dlalysed tw1ce agalnst 200 volumes of

r

TM buffer. - » ' K »

The phage concentratfon in purlfled preparatlons produ—

.ced from 20 plates of confluent lysate were usually of the

order of 3 5 x 10" plaque formlng units/ml

ey}
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AaroA transducing phage .

-

Crude lysates of the defective transducing phage AEEQA
were prepared by thermal induction of the lysogen RW1338.
Strain RW1338 was grown for this ﬁurpose in M9G medium, an
M9 minimal salts medium.lacking aromatic aminc acids but
contalning pex lltre, 6 g Na,HPO4, 3 g KH P04, 5 9 NacCl, .

1 g NH4C1, 0 25 g MgSQ4.7H 0, 0. Ol g CaCll.ZH 0 supplemen—

ted w1th thlamlne (l}rg/ml) and glucose (0 4%), 1n order .?'?Z}V;f-

e

to select agarnst the loss of thlS transduc1ng phage repo— :

ﬂ_rted to occur under less exactlng nutrltlonal conditlons' g

(R. Welsberg, personal communlcatlon) _f; :'.'" ‘,5' ’ o
Cultures (500 ml) grown in M9G medlum at 30°C to-. I,
so0= 0- 50, were heated rapldly to 42°C for 15 min then
.cooled and rncubated at :37°C for ‘4 hr. Crude lysates -of - .
the lyszs defectzve RaroA were obtalned from concentrated
cell suspen51ons prepared at the end of thls rncubatlon by
pelletlng ‘at. .8, 000 rpm/20 mln/4°c (Sorvall, GSA)wand
resuspendlngxln TM buffer (20 ml) Ly51s of these cells

was accompllshed by the addltlon of ohloroform (5%) and

preparatrons were cleared of cell debrls and chloroform bv
centrlfugatlon at 8, 000 rpm/20 30 mln/4 C (Sorvall GSA)
Purlfied preparatlons of phage laroA were produced by
drfferentlal then CsCl denslty gradlent centrlfugatlon of
crude lysate materlal as W1th 2.helper.yIn every 1nstance

thls procedure ylelded a srngle CsCl phage band correspon- )

4

T ‘q / . .
N . P
- \
.

perlodlc agltatlon over 30, m1n at 4 C, and resultlng phage '
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«

ding to the defective-transducingAphggeL as anticipated
from the reported poor efficiency of induCtion of )\helpér
from this strain (R. Welsberg, personal communication) .
Concentratlons of phages in pure suspen51ons prepared in
this way were generally of the order of 10> phages/ml, as -
‘.judged,by comparlson of the in@en51tles of bands 1n cscl

- of the transduc1ng and a; trtratable phage.,,'

s

/‘"

‘7‘.UVﬂvirradiationﬁandﬁinfeétion offﬁaeteria ‘:‘r:”ﬂ,{~-"?é_;'wfi":fimi"

The bacterlal stralns and procedures used 1n the UVL

“1rrad1ation system were pr1nc1pally as developed by

Ptashne (83)' Stralns 5159 and 3159(Apapa) were GIOWn at

‘37°C in M9M medlum (30 ml),,M9 minimal salts medlum supp1~
'femented wrth thlamlne (ljug/ml) and maltOSe (0 4%), 1n i
.dual label experlments ‘with the addltlon of -((U)-"C)
1y51ne (338 mci/mmol) at an early stage to prelabel
Durlng the mid exponent1a1 phase, at A 0. 40 cultores
of each straln were chllled and the cells concentrated by
pelletlng 10 000 rpm/lo m1n/4°C and resuspendlng at -
A‘Oo— 2.0 in. M9M medlum contalnlng 10 mN MoSO4. A volume

of each cell suspen51on (4 ml) was then transferred for
ﬂlrradlatlon 1nto a. glass petr1 dlsh, and exposed evenky ton.
. uv llght (Ultravxolet Products Inc.,,UVSS4) to a dosage of
‘;500 J/m‘ Immedlately thereafter samples (300‘p1) of the

"1rrad1ated cultures were removed for 1ncubat10n at 37°C

-»for 15 mrn,-w1th the 51mu1taneous addltlon of ™ buffer toV
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the uninfected samples, or of,purifie'd Ahe_lper‘or h't':sansd'— '

ucing phage at a multiplicity of infection 5-10 (30 ul) to

: those 1ntended for 1nfebtioﬂ At "the end of thlS preadsor—"

ption period. all cultures were diluted S-=fold w1th pre

warmed M9M medium (1 2 ml) containing either L—("S) meth—'_ )

»

x'--.‘

,label was then terminated by chillmg rapxdly, followed
, "nnmediately by the addition of a 100 fold excess of the

s ff'\approgriate non radioactive ammo acid plus lO mM sodium

.'s

'az:.de in a small lume . (165 }‘l) ' ‘

Samples (250 )nl) taken at this stage for SDS polyacryl—"

am:.de gel electrbphoresis were quq.ckly reacted with chill— V,

“1on.1.ne (1013 9 Ci/mmol) ’ or m dual label experiments "}1. R
‘ ~.L—(4 5-’H(N)) lysme (78 l C:L/mmol), and the incubation ati'

‘37°C cont:.nued for 30 mm to pulse label Incorporation of o

E-ed 10% trichloroacetic acid (250 }.\.l) ‘over 1 hr at 0 C. The

resultant prec:.pitates were pelleted at 12 ‘800 9/5 m1n/4‘C’,

'_wa.shed With 1ce-cold acetone (1 ml) v then solublllsed J.n )

v
Iy

.ysis.

‘Determination” of radioactivity incorporatéd. intc protein’

- - - " . . . ¢

. Measurements of total mcorporatlon of radioactiw.ty 1nto

"protein were made us:.ng a conVentional frlter dJ.sc method

adapted from that developed by Mans & Novell:l. (86)

e

..~. . o

SDS-sample buffer (100 }ul) by heatlng to 100°C for 4 mm. .

Thls matenal was 'stored at -20°C untll required for anal—-f.“‘.."".f'




j"gProtosol (New England Nuclear) (1 m]:) ,~ and dlgested at

_ counted. - B

5"__ spended thoroughly An’ 20 mM tr:l.s HCl (pH 8. 0) (80 /’1)

19

Sampies (10 }.Ll) were removed dried onto fJ.lter d:n.scs ‘

: (Whatman 934AH), and the dlscs then washed tw1ce for 60

min - at’ 0°C in. 10% trlchloroacetlc acid; containmg a 1000—"

: ;etlc acid, flrst at 0°C for 5 m:.n, then at 1oo°c for 30

x 30 mJ.n at 429C 1n two changes of ethanol, the dlSCS were

o ";dr:.ed, transferred each I_to" a' v:.al contam:.ng a volume of

s

e (10 ml) . were then added to each vxal -and the samples

RN
[

K

' ‘_f,‘lﬁununop:reclipitati_‘ion,6f.Sl, RN :
. . Lo . JRETCEE I

Preparatlon of cell extracts

o

Extracts to be reacted w:.th anti serum were prepared ",A;.-: R

'. .' 1.

. 'f‘accordlng to a modlflcation of the method of:- MlyaJ J.ma &

containmg 25% sucrose,,L and a volume (16 ,41) of a. fresh

l 1 mlxture of lysozyme (2 5 mg/ml J.n 0 1M trls HCl,

L fold excess of the approprlate non radloactlve am.no ac1d o

..;Each dlSC was rlnsed w1th three changes of 5% trlchloroac—,

V""“.‘.f"';m:.n and flnally again at 0 c for 5 man After wash;.ng for ;

i \b-
gtoluene-Omn:rfluor l:.qu:.d sclntlllant (New England Nuclear)

i;»-.' Kaz:.ro (80) Samples of each cell suspensum (800 }Jl) were

""-'_‘.'-_45 c for 12 hr. Volumes of glac1a1 acetlc ac1d (50 ).nl) and_-',’ e

) . "\centr:.fuged at 12 800 g/l& min/4°c, the cell pellets resu-'

sl A

-
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30

. R - R . - 4
. . . . B .
§ . PR
by

o s 'mm incuba‘::.on at 0°c; these suspensmns were treated w:.th S

- g .a lys:.s solutlon (LS) (32}.\1) conta:.nlng, 2% NP 40, DNase

80 /ug/ml) and R.Nase (400 )-»q/ml) in 40 mM Mgc1,,.o 8 M xc1"

o for- a. further 15 mln at 37°c Cell lysates wére, then dllu—',»;'_-"'..‘..;: :

- ' ssium phosphate (pH 7 6) - O l M NaCl 1 mM (Na);_EDTA’-"nd_

at 27 000 rpm/30 m1n/4° (Beckman, 75'!'1) v The resultant

‘ supernatantsvere stored at —-'7 0°C untal» needed.A

'_3 - o me of ant:.serum to Sl (20 /,Ll) representxng equ:.valence, .

e

dur:.ng a 15 min 1ncubat10n at '.'0

. were then treated w1th a suspensmn of freshly washed

a further 15 mm at 0°C Immunoprec:.p:.tates were pelleted

Lo y by centrlfugatmn at 12 800 a/. 60 sec at room temperature

~",‘_.' (l ml)a comprlsing, 50 mM potassxum phosphate ng 7 6) ,

0 1 M NaCl, 1% Trlton X—lOO, 1% sod:.um deoxycholate, 0 1%

oo L 7
Py A . - L :

iy
: rgent (l ml) . each preca.pltate was resuspended 1n a volume

thed 5~ fold :Ln NPILO buffer (512 )Al) cOmpr:.sJ.ng,” 25 mM Pota-f;-"‘- A

0 5% NP-40,- and cleared of cell debrls by centrifugation

o The freacted mlxtures B

prote:Ln A—sepharose cL-4B (Pharmac1a) (5%) m Nqu buffer

Sl (150 )ul) to adsorb the J.rnmune complexes, and incubated for

(Eppendorf mlcrofuge) i and washed six txmes in TSS buffer i ‘ I,

SDS Follow1ng two washes m the same buffer lacking dete-

"’?"."of SDS-—sample buffer (lOO r\l) cont%lnlng, 62 5_ mM tris HCl
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H"G 8), l% glycérol, 5% 2-mercaptoethanol and 1 5 kL SDS,.

hd heated to 100"(: for 4 mm to solubllxse the prec:.plta—

‘

ted matenal. .

For measurements of the total amount of rad10act1vxty

assoc:.ated w1th eaeh mlmunopre,clpltate, the complete solu— !

kX

blllsed pre01p1tates plus supernatants were transferred

into Aquasol (New England Nuclear) (10 ml) to b counted

Samples for‘ analys:Ls )y’sﬁs polyacrylamide " . JYe

~is

SDS polyacrylamxde gel electrophoresis 1 .

.

Laemml:. (87) adapted to a vertx.cal slab gel apparatus

(Hoefer Scieptiflc Instrumen’ts, SESOO) The upper stacklng

.,,,

3% acrylamlde (acrylamz.de b;.sacrylamxde, 36 5 1) 010 ,:l2°5 M

o,

trls _HCl (pH 6. 8) v 0 1% SDS, whlle the lower resolvmg

tratlons of acrylamide glin.ng the de51red resolutive rang— e

':.'? The SDS polyacrylamlde gel electrophoretlc analys:.s of =

samples employed the dlscontlnuous system deve‘loped by ) i
component (10 x 0 75 mm) of each gel compr:.sed 1nvar:|.ab1y:

comPOnent was made w1th elther uniform or grad:.ent concen-"-.;.fz."»'-—.'-
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2. .. . 1), 0.375 M tris.HC1 (pH 8.8), 0.1% SDS. Exponential grad-
"ient gels, w1th ranges of acrylamide concentratlons of 10~
.20 or 25% acrylamide (acrylamide bisacrylamide, 36 5 lL,

on the other hand were prepared by a somewhat different Q.*

: p'-prOCedure* by mixing solutions of 10% and 20 or 25% acryl-l‘jt

T fk:xﬁ;JC.amide containing, 0 375 M tris HCl (pH’B 8), 0 1% SDS,‘lh

:

St 1w - et

.fthe ratio 11 5 in a gradient mixer (Hoefer Scientific

© e - o

- TR

'“ammonium persulphateih.ﬁ'

uSamples in SDS-senple buffer plus 0 01% bromophenol

t*iij;ffffblue Were loaded 1nto Wells 1n the-stacking gel, and OVer—;:'“

'~j{{,{layed carefully w1th a tris—glyc1ne electrode buffer (TG
‘>f¢fﬂbuffer) compr151ng, 0 025 M tris HCl (pH 8 3), 0 192 M

.'fn,lffwif"Fyf; sed at 7. 5 mA to stack and 15 20 mA to achieve the desired

:resolution, as. indicated by the migration \f the tracking

“dye front

Ced

PR

Gels were fixed ln 20 volumes of 12 5% trichloroacetic o

O N . -
oae . :

“”firautofluorOgraphy, ii“gfﬁ'”“

dTInstruments, EXP077) “Both lower resolv1ng and upper stac-dﬁfij D

: ST e et R
e Sx [ v Sras .

' Vﬁacid at 90°C for 15 min, stained for 4 hr in this solutiont;iff;alﬂf":'“i

f-fmade to 0 1% Coomassxe brilliant blue G 250, destained 1n,w¥uf"

’{Hiseveral changes of 7% acetic ac1d then processed for fjj"?;er




' exposed to Kodak RP X-Omat film at -70°C for an appropr:l.a-

' te period. - . o o L . '
‘ ‘.‘I‘wo dimensional polyacrylamide gel electrophores:.s of
" "ﬂproteins ST ' '- S lan

4 S L B . .
o de qel electrophoretlc analySJ_s by the 0 Farrell procedure‘;v‘._jj SRR

; =_~,'ij-‘(89) Small culture volumes (400 y.l) were centr:.fuged at

M urea, 2% NP- 40, 2% ampholytes (comprlsz.ng 1“6% PH range

§ 5 7 and O 4% pH range 3~10) and 5% 2-mercaptoethanol

. oL L NTARE L ot ’ L o ' wet ) ERUEN i B
. “ . S . . : L . . Lo S

23.

.
-

autofluorography of . polyacrylam:l.de gels was adopted witho-

ut mod:LfJ.catlon After treatment, gels were dned and

M /-' ’

A . ) .

z

LT
i _,-__.'~\
R

: ~~Preparat10n of cell 1ysates J ‘ N .
Samples were prepar}d for two dlmensmnal polyacrylaml-‘-i:

A

.“12 800 g/lO min at room temperature, and the cell pellets ;I

. ‘were resuspended in a lysxs buffer (50 )ml) contalnmg, 9, 5" .

,'The.se cell suspens:.ons were then subjected to f:we cycles

i j'."of rap:Ld freez:.ng and thaw:mg in l;t.qu:.d N,_ and warm water, '

SR

..

o -:,and the resultant extracts stored at 70 C untll needed. R -::_ _'

IS :
S

O'Farrell polyacrylam:.de gel electrophores:.s - ,

The procedures for two dlmensz.onal polyac:yiam:.de gel

"--;'.',.'.electrophoresls, 1sye1eotru: focu51nq 1.n the f:.rst d:unens-'-:‘ : :
" f_: ion. followed by SD'S electrophoretlc separat:.on m Hhhe 2 B
-isecond, were essentlally as descrlbed by 0! Farrell (89) -

. The first dlmension gels were made as a solut:.on conta-"‘.-y -
:":..jmlng in 5 ml 2 75 g urea,..4% acrylamlde (acrylam:l.de- .




'bisaer'ylami'de, 17.5% 1), 2% NP 40, ‘and 2% ampholytes (Phar-
: mac1a)(l 6% pH ‘5= 7, 0 4% pH 3 10) . and polymeKrised (110 x -0,
'2 5 mm) in glass tubes under a layer of 8 M urea, w:.th the
.aid of" TEMED plus ammonium persulphate. Before the run, N
: jgels covered with fresh overlays of lys:l.s buffer (20 ).Ll)

[

‘ 'were prerun accordmg to a set regimen, 200 V/15 mln, 300

LIRERN

f'jV/3o min and 400 V/30 min, with o 02 M Naou» cathode and

B 0 01 M H P04 anode solutions. Samples (-20 ,Jl) were then ?' -

v f,"'.from theJ.r tubes into SDS-sample buffer (10 ml), and'"gent-“ ~ N

':_;-ly shaken for l hr at room temperature to equilibrate
e " The secoml .cth.mensz.on gels were prepared :.n a vertical
. '_3:_._ ‘%_slab qel apparitus (SESOO) by the method of Laemmll (87)
- o ‘:n:»"(see SDS polyacrylam1de ge1 electrophoresis) Each compr:l.-v.'::__.l‘v"
ed a lower resolving gel (10 L .75 mm) of a uniform 10%:

L . .acrylamde, 'and an;rupper 3% acrylam.de stacking gel (25 x

0 75 mm) 2 polymeriSed aga:m with TEMED plus ammonium pers—‘fﬁﬁ_.

"'-ulphate. Equilihrated first dimens;on gels were transferr-—,'f"

ed each onto a stack:.nq gel fixed there With a. gel stick-—-f"f': e S 55

, " e ."er solut:.on compr:.s:.ng SDS-—sample buffer plus -0.0'01% brom-,,,:=".'1-'.-_~.'_‘;';‘::’:.-_

z;,-‘.;:ophenol blue made to l% agarose, and the SDS dimens:l.oh run’-'..“"‘l e

""ﬂ;.‘.w:.th TG electrode buffer at '7 5 mA to stack and 15 20 mA X

L AT fi’;‘*‘_:‘* to resolve, unt:.l the tracking dye fz}ont aPProached the

. gﬁ\ lower end of the resolving gel :




' ‘. . e o . s Lo . i _;",-' v ) o ;
2+ L 17 celgiwere s€ained then:processed for autofluoreg
C T ) (see. 8DS.polyacrylamide ‘gel eléctriophoresisiof proteins): i %

5 S o e, L o5 .
ol BT . N * :
- ¥, N & . . e - S .
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_collected-\- in’ l ml" then' dia.lysed tw:.ce againsf 201 _’_‘

..-'

‘volumes of TEN buffer contaim.ng, 10 mM trz.s HCl (pH 8- 0) ,-

w 3
LR A . ‘e
S', "

at 5,000 ‘rpm/5 min/20°c followed by emoval‘of:

,u 3 ._




~,"A_"Imm/--20 C (Sorvall- HBé) . gently washed w1th 70% ethanél

. PVu I

w:Lth.s:Lngle enzy;nes were carrled out J.n the' assa

prechllled to —20°C, and after drairu.ng well, red:.ssolved

J.n a small volume (lQO 200 )u.l.) of TEN buffer for storagex
at 20 C unt:.l needed :

'restrlctlon enzymes, 1nclud1ng, ‘Ava I

(Bethesda Research Labs) Bgl II Hpa I (Boehrlnger

ZMannheJ.m) All reactn.ons were performed n small vclumes .

excess of enzyme ¥ to ensure complete. reactlon. Dliestlons

ey R

4'.;‘. L ‘\

speclfJ.ed by the manufacturer, wh:.le double d:.gestlons

Were perfcgmed elther"sxmultaneously :un mutually compat:.b--:_",
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lon ‘samples were chllled and reactions halted by the
addition of a volume of solution (Sjul) contalnlng, 5 mM
“tris.HC1 (pH 7.0), 50% glycerol 5 mM (Na)‘EDTA, 0.125%
bromophenol blue, Wthh facllltated both sample loadlng

and tracklng durlng subsequent electrOphoreth analysls.

v . ) . . . ' . 'd‘ . " ' '
"~ Agarose gel electroﬁhdresis-of-DNA."

*

LYy

't_gg3'.~" ER Eledtrophoretlc analys;s of - restrlctlon endonuclease '

dlgested phage DNA was performed in 0. 8% agarose horlzent—A
g al gels (Bethesda Research Labs. HO) .. The gel and tris. -
acetate (TA) electrode buffer contalnéd, 40 mM tris. aceta—
te (pH 8. 2) ' 5 mM sodlum acetate, l mM (Na),_EDTA, supplem-
ented with. 0. S/wg/ml ethldlum bromlde to stain the DNA
fragments. Samples were loaded carefully into wells set
1nto each gel beneath a coverlng 1ayer of electrode buff- .
er, end electrophoresed at between 3 -4 V/cm to "the desired
VAR extent‘as 1nd1c&ted by-mlgratlon of the tracking dyeiTGels f
were then removed to be photographed through a Wratten 23Ai
fllter u31ng Polar01d fllm and uv lllumlnatlon.' '
Generally, 0 4~ 0 Slpg DNA peér well pr&yed suff1c1ent
“;i . | v.ﬂ. .i for the V1sualasatlon of fragments representlng as- llttle

' as 0 01 lambda genome eqU1valents

.....
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Hybridisation analysis of bacterial DNA sequences contain-

-

"

-

ed by AaroA L : ..;h§y

- Preparation of E. coli CGOO DNA

ngh molecular welght E. coll K12 (CGOO) DNA ‘was prepa-

red using a modlflcatlon of the methods of Marmur (91) and |

¢Sa;to:& Miura- (92) : o, - “fl

"A culture of E. c011 C600 grOWn to an. A 0. 80 1n

Luria broth (l lltre) was harvested by pelletlng at 5 000

rpm/20 an/4°C (Sorvall GSA)p and the cells frozen rapld-.

ly 1n llquld Nz then transferred in 50 mM trls HCl (pH
. (10 ml) contalnlng sucrose and 1 M (Na)zEDTA, and
¢chilled. Volumes of 0. 25 M (Na) EDTA (pH 7.0) (2 ml),

fresh lysozyme (5 mg/ml in 25 mM trlS HC1, pH 8 0) (1 ml)

and RNase 610 mg/ml in 0.1 M sodlum acetate, pH 7.0) (0-lf

~‘ml), pretreated at 80°C for lO min to 1nact1vate DNase,

were" added sequentlally to each suspen51on. The cells,;

D

~reduced tg sphaerOplasts by lncubatlon in this condltlon

n

at 0°C for 15.m1n, were then treated W1th a lytic. mlxture

'(5 ml) contalnlng, 0.3% Trlton X-100 in- 0,18 M (Na)lEDTA

A 0.15 M trls HCL (pH 8 0), over a second perlod of 15 min .

at 0°C to promote lysxs.

Each cell lysate dlluted l*l with water (14 ml), was

’ extracted 15 m1n at 0 C w1th a two—thlrd volume of cold

.phenol prevlously equlllbrated agalnst 50 mM trls HC1 . (pH

7.5), 051 M-NaCl. After,separatlng-the phenol~and aqueous

*

- ...m.r—. b

—

Y e



:. rature. The aqueoussphasefiiﬂ'”ij contalning chromosomal

30

'phases by centrifugation at 6,500 rpm/lO_min/4°C (Sorvall;

. . 0
HB4), the extraction was repeated in the presence of a

6ggime of chloroform equal to that of phenol. F0110w1ng a .

second centrlfugation at 6, 500 rpm/lS m1n/4 C,: the upper

aqueOUS phase (15 ml) was remOVed, re—extracted w;th an.

:equal volume QS phenol by mlxrng at room.temperature for 5

. 0.

l Nacl (sso/ul), and the DNA precmoltated w1th two volumes

_of prechllled ethanol at -20 C overnlght..i

The DNA was- pelleted by centrlfugatlon at 6, 500 rpm/60

m1n/20°c, redissolved in a 1arge volume of TEN - buffer (5

_ml),'and as -a final stage 1n the purlfication, freed from

contamlnatlng ollgonucleotldes by prec1p1tat1nq a second

fmln, and centrlfuged agaan at 6 500 rpm/lo mln/room tempej;df o
,f/'.fii-d

gDNA was then ad;ustéa to 0 2 M Nacl by the addltlon of 5 M

tlme w1th ‘one and one half volumes of ethanol for 30 mln 3'

at room temperature. After pelletlng at 12 800 g/S mln/

" room temperature 1n an. Eppendorf mlcrofuge, the preciplta—‘"

,te was- dlssolved in TEN buffer (IOO‘pl)

The yleld of DNA obtalned u51ng thls procedure ‘was

- -

_approxlmately l40)~g from 1 lltre of cell suspensxon. A

sample (l/ug) of thls purlfled preparatlon when analysed

”by agarose gel electrophore31s produced a. 51ngle hlgh

"molecular welght band thhOut detectable contamlnatlon.p~

-\

. \; -
. N
.

e,
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Southern blot

. The method used for transfer of restrlctlon endonuclea-

se generated DNA fragments separated hy agarose gel elect—

.rophoresis onto nltrocellulose was: essentlally as: develop-
" ed by Wahl (93) The transducxng and A helner phage DNAS .

‘iand E. c011 C600 chromosomal DNA were each dlgested s1ng1y”

xit“ed by the suPpller. Samples of these dxgestlons amountlng ]:3'“ R

7 o2, /Ltg of C600. bacte‘rlal and’ 25 1g.. of each Phage DNA

;iTwere then subjected to electrophoretlc separatlon 1n a
. 0. 8% agarose gel of 8 mm thlckness, using the TA buffer |
'.7system. After electrophoresls at 4 V/cm for. approxlmately
:‘5 hr in- the preSence of - ethldlum bromlde the gel was .

kremoyedito be,photographed and then processedgbefore blot-

’

" ting, This-proceséingj'which inVolved'éequential washing

;of the gel flrst w1th two changes of 0.25 M HCl (250 ml)’

for 15 min each, then after a br;ef rlnse wlth dlstllled

water w1th two changes of 0 5- M NaOH, 1 M Nacl (250 ml)

;;vfor 15 mln, ‘made for unlformly eff1c1ent transfer of“dena-

,vtured restrlctlon fragments across a W1de 51ze range

N

. Followxng the final treatment thh alkall, the gel-was
‘ad]usted to neutral pH by washrng w1th two chanqes 1n 0 5 '

‘ _u trls Hcl (pH 7.4) , 3 ‘M 'NaCl (zso mlj for 15 then 30" mm, '

and placed in the blottlng apparatus. For transfer, the

f .
,gel was p051tloned on a platform, framed w1th Saranwrap

,,and\sandw;ched-ln 1nt1mate,contact.between.three‘sheets‘of.4

Y
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Whatman 3MM paper saturated and-dipping"into‘a reservoir
.solution of 20 x SSE comprisihg.B M NaCl, 0.3 M trisodium
‘c1trate (below), and a Sheet of nltrocellulose (Schlelcher
& Schuell BA85 0 45/un) ‘'wetted w1th dlStllled water

' (above) Three addltlonal sheets of dry Whatman paper

»'were then placed in unlnterrupted contact over the top of

-the nltrocellulose, and a 5 cm layer of paper towels supp—g'x’

o LIRS

"f”§ort1ng a llght welght to ensure even contact added to_{?ﬁfyi

“4"~1fcomp1ete the apparatus

After the transfer had been alloWed to proceed for 36
hr, the nltrocellulose sheet was removed for baklng at
,80 C for 2 hr under vacuum, as a. flnal step before prehyb—'

rldlsatlon. o

At thls poxnt restalnlng the gel w1th eth1d1um bromlde &f'

in TA buffer followed by examlnatlon under UV llght confl-

* rmed that no DNA remalned 1n the gel

In v1tro (‘IP) rad10act1 e. labellng of laroA DNA

('1P) labellng of transdu 1ng phage DNA by nlck'transl-:"
atlon was performed u51ng a- system supplled by New England’
,Nuclear, according to a procedure essentially as described:'

“ﬁby the manufacturer Reactlon mlx//;es (30/;1) each conta-f“ SR

'1ned, 25/uC1 dCTP (x-"P) (3400 Cl/mmol), 0.4 nmoles each

.of non radloactlve dATP dCTP and dTTP 1 2 un1ts of DNA

apolymerase I, 50" pg DNase I (WOrthrngton Blochemlcals) and$'

‘0 S}Ag pur1f1ed KaroA DNA An a buffer supplled by the

. .
¢ ' . )
e )




o

ol

o of 90~ 100% were generally achleved ""‘ ,f £ ";{1 4>"}

33
manufacturer DNase I for the reactlons was prepared by
the method of - ngby (94), 1nvolv1ng actlvatlon for 2 hr at

0°C in a buffer comprlslng, 10 mM tris. HCl ‘(pH 7 5), S mM’

Mgclz, l mg/ml BSA Labellng commenclng W1th the addltlon W

of DNase I was performed at. 13°C for 3 hr than halted by

’ addlng 0 25 M (Na)aEDTA (pH B D) (1o/u1) and heatlng to

70°C for 3 mln. The’ products of the reactlon were lmmedla-LVf}¢f3

tely dlluted 5-f01d 1n TEN buffer and applled 1n a.mlnlmumf'ffgﬁ‘iﬁ

volume to a column of Sephadex (flne) G 50 (Pharmac1a)

prev1ously equllibrated and run w1th the same buffer. The ‘

nick translated DNA whlch elutes 1n the vord volume, wa5‘~'f

then collected 1n l ml and stored at’ 4 c untll requlred

S ," '1' .',,- D " s -.J‘:'-
: S . '-

for hybrldlsatlon.

For measurement of the speciflcaact1v1ty of the probe,_

samples (2 x llpl) of both the stopped reactlon and the 3¥54:

column eluate were spotted onto fllter dlSCS w1th 5)»9
f \

"T carrler calf thymus DNA, then prec1p1tated and washedq

w1th chllled 10% trlchloroacetlc acmd then ethanol, and

counted An lO ml toluene—Omnlfluor.‘In these analyses,'gt

A

levels of 1ncorporaqaon of radloactLVLty 40 60% of total,

representlnq spec1f1c act1v1t1es of 5 7 X 101 cpmépg AaroAJ&f—~

DNA, and recoverles of 1ncorporated label from the column o

. Hybrldisatlon f.f].‘

. Southern blots prepared accordlng to the procedures

o v

el

/?.
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descrlbed were further processed along the llnes set out

by Wahl (93) In the prehybnadlsatlon step, each paper
ik

P

.o . . - e . ' - . ol . NI
R R e s L R U WSS | P T LI NN, PR PRI I

was Sealed in a P01Y6thylene bag w1th a volume of Prehybr—,;‘vnﬁ o

;g(99% A. C S grade, BDH), 5 X SSC, 5 x Denhardt s reagent

ffcomprlsing 0 02% each of BSA, polyvlnyl byrrolidone and

.i{ed, sonicated herrlng sperm DNA (Boehrlnger-Mannheim) and,

' -.,_1’-"-10 hr. .'4

H-;;Jed 1n second polyethylene bag w1th a part volume (9 ml)

{S’Of a hybrldlsatlon mlx (total volume lo-ml) contalning;

l

‘f:SO% delonlsed formamlde, 5 x SSC, 1 x Denhardt s reagent, l‘

"751 10% sodlum dextran sulphate (Mr 500 000) (Pharmacxa) and
";20 mM sodlum phosphate (pH 6 5), wh11e the remalnder of

‘”Jthe mlx was heated to 65°C. The n1ck translated probes

"'a(l 2. ml) each mlxed thh a small volume (lo‘yd) of sonlca-'fft“

"*3;zted herring sperm DNA (lO mg/ml) were denatured by heating.‘fg¥?éfiﬁﬁ

fl;fat 1oo°c for 5 min, and cooled quickly in an ethanol ice

bath.:The heated allquot of hybrldlsatlon m1x (l ml) was

" \ ’

'jﬂthen added to tth freshly-denatured DNA, and the total

~ f:_{mlxed swiftly and thoroughly w1th the contents of the bag ﬂ{jﬁi“”" 2

GOSN hefore seallng.3.

P e
: N

1dlsation mlx (10 ml) containing,:SO% dezonlsed formamlde"

ffFlcbll Hr 400 000),ol% glyclne, 250)wg/ml freshly denatur-z“

' fgSO mM sodium phosphate (pH 6 5), and 1ncubated at 42°C for,

The prehybrldised blots were removed and each pla:-i




tivrl':y, estimated by Cerenk&w

*
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SR R 7 Resumms 1.
o e The studies descnbed m thls sectlon.wel:e des:.qned to '
. ‘;."'__::.‘ deterynlne-whether a transducmg phage, :.solated on the W
basls of. eroA complementetlhh by 'R.-Welsbe:‘rg '('5 “R hy “ :';_ g
: : ’ Weisbe-rg ” personal coxpmum.cation) 3 m:.qht carry the gene ;‘._'.
: . t‘or r;protein Sl (x __E__A) whilch. f
__'f."' :..'..‘.d . .coltl_chromeeeme (21)‘.‘ .
."\ ' } w1th a AaroA phage " ;"' i 7 : N
: .' i Prel:.m:.nery‘ Sc:reenlng o:E the ?\aroA phage for an Sl 3 e
‘,::_ ’ : eodzng 'capac:.ty Was accompliShed by analys:.s of antl Sl
\ reactlve mater:.al synthesised 1n UVI. lrradlated cells of U \
‘ strain 8159 so—mfected. The”re‘sults‘of th:.s“ a:‘{al;su,..“ Ll '
ehe;h :m 'l‘able 4“ 'dem;nstrate that :mfectlon of 31s§ w1th ';'
o i\aroA or w:l.th 1ts pateht phage ?\ helper. producea a"stl-mu-—'.".'
": : . lation :.n the synthesxs of anti Sl reac:tx.ve mate1_::.a1 of . .
. | - 21 4 and 2 5= led respect:.vely over the level fov.'u;d' in ’_
~ % unin.f‘ected cells. The stimulatioh represents ‘more’ than é% -y
(4 L F of total :;adloactn.vn.ty 1ncorporated 1h the )\aroALlnfected o
- H cells. 2 ' ,:':""\ j:;;- I j ‘..3 " 1': . .. 2

.
f
’
.
A

il 2

Y

i b

. i‘

.
Y
.
N .
.
L.
"t
.
‘e
<, j"‘ f
.
o8

.

- -’.‘
' AL
- Y
(S
" .
N,

poat

P
AR SN
P
O -
g . f
& A A
. .
L P
.
LS 3 '
'
.
H
v
.
o“'_"
v .,
LI
H
.
a
»
“
=,
w fN
o
oL
%
[P



( . " | "' 37 | | . ' ‘ | I.A | : . ,. ’ \

- Table 4. Immunoprec1p1tatlon of materlal from extracts of
: UVL irradlated 5159 infected with AaroA. '

Source of Immunoprec1p1tate ImmunopreC1p1tate Normalised ‘

extract ;’cpm(’H and "C) ' isotope ratio 1sotope
e (3H/‘*C) N ratlo

R - e KE P

¢

ORI BN T ’n 1010 C et e e
3'§:j-&xj; .uninfected ’4C 270 ’;.'AJ':@.,<' T R N

-

i .sjis'_g', L ey .‘,,29.4'0,_.}. BT

S e,

-1 T L E 17 1 PRI - SRS T 3 B
"'.A:-"-"‘_ ’”hrOA 'All‘ ’ -l4_c i 33Q ° . o ) N '-A,' "o lv):f RN

e

- cuIture of straln 5159 grown in the presence of .

- L-((U) MC) 1ys1ne ‘at-o, 2/;01/m1 for at least three gener- .
'at1ons, was ‘harvested, résuspended in minimal, medium. and :
jlrradlated with UVL.  Volumes (300)ul) of the irradiat
Jculture were preadsorbed with phage’ (30_»&) ‘then, dlluqij
;3=fold: in: medium’ containing L-(4 5= (N) ) lysine’ at.10
ﬂCl/ml, and 1ncubated for 30 min, Samp g (BOO,ul) ‘taken

fronﬂeach of theseé’ subcultures were ‘extracted, ~S30 . fractl- -

{ons prepared (640,;1), ‘and . port1ons (200Ju1) reacted'w1th

. .i-in .SDS~sample buffer (lOO);l), were. then transferred 1nto
“1110 ml- Aquasol for countlng (all procedures as descrlbed 1n
"Methods) S .
] “The; results thus obtalned for. the: 1ncorporatlon of
- radloactiV1ty into. 1mmunoprecipltated materlql as: present—
. ed, are'in the form of .(*H)/(“C) cpm ratjos’ normallsed to
- the value obtalned w1th unlnfected cells. :

2.
i RN - . . - -
.o . . T - ,. - ' el _-— . * N N .
. B . - . - . v . . ' .
e . . B \./ i ) L , .
; M N ! + ) . 't . N L X ‘ R o
. o . . . : B Lot \ . . o
. S . B K
. [
-
2
e N
. N N
B s . s
sl .
! L i

-"equivalence. amounts’ of. antibodies to-Sl-then of protein’ A—-f.
" -+.- gepharose adsorbent Washed 1mmunoprec1p1tates solubilised .
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- 8DS polyacrflamide gel electrophoretic analysis of'total

material synthesised in harerinfecteddcells‘

-.

he enhanced synthesms of anti Sl reactlve mater1a1 ‘
observed in UVL irradlated cells fbfected w}th AaroA,

A'prompted a more detailed ana1y51s of the protelns encoded

Ei by thls phage. The form‘ﬁf this analy51s was chosen to_tf“

.'ﬁi{f,prOV1de 1nformat10n both of the pattern of protelns coded

for by AaroA and the source, phage and bacterlal, of prqu ;.:_.;,l

Qter act1v1t1es gQVernlnq thelr expressxon. Us;ng the UVL

..:gﬁed by the use of.alternatlve non—lysogenlc and 1YS°gen1c ,i,

hosts for 1nfectlon w1th transduc1ng phages. Protelns Lo
lsyntheSLSed ln 1rrad1ated cells of elther type 1nfected

:w1th AaroA or parental A helper were labeled‘w;th L—(“S)

.'i:methlonlne (labellng w1th L—((U)-‘4C) lyslne produced ;1 ”Mgf}?pf“'

. %gessentlaliy Ldentlcal results), extracted then analysed by

',SDS polvacrylamlde gel electrophore51s. | f J;.ﬁ_” ;f?tn

The flrst part of this ana1y31s (quure l (1)). 1n

whlch the host used was the non—lysogen 8159, provxdes al

:‘comprehen51ve picture of the protelns encoded }aroA A

"comparlson of the pattern of radxoactlvely labeled produc-’f

”Qts synthe61sed ln thls hOSt 1nfected ‘with, the transdu01ng

14

'}‘phage and xts parent A helper (lanes 2. & 3), reveals seve—fr—““

v

~ra1 dlfferences betWeen the codlng capac1t1es of the pare- S

7,% ntal and derlved phages. These dxfferences presumably ~3ﬁj"_v‘”‘

..eradlatlon system, 1nformat10n of thls nature was obta1n-~a-:




']

_Figure 1. 'sps polyacrylamide gel electrophoresxs of total e
‘proteins synthesised-in UVL irradiated 5159 and
8159(Apapa) lnfected with AaroA. o

Cultures - of stra;ns 5159 and 5159(Apapa) grown in mini-
I o mal medium were. harvested, resuspended in medium- contalnlng
SEM , . 10-mM; Mg$04 then irradiated with UVL. Volumes: (300}*1) of -

o <o the, 1rradiated culture werk. prea@gorbed with'-phage (30 }dJ
3g{then -diluted 5+£01d 'in imediumicontaining 'L=(3f8) meth10n1—3_ a ﬁ3
r‘\vne at. 100,*C1/ml, and._incubated: for - 30, mln.‘Samples 200 E

co I )" taken from each/'of’ these. subcultures were. prec1pltated»-" iy
AN TRITIR SRR w1th trichloroacetic -acid,.. ‘solubilised™in: SDS-sample buff-:
f'*"'\;k#‘;,;”mg er: (1oo,u1), and: portlons W1thdraWn ‘for analysis: alongside
R T - 8 pure BY marker on.an"SDS,; 10= 20% acrylamlde gradleqt gel
”ufa_,lAfter electrophoresls :at 15 mA. to . stack -and .30 mA’. to run-
';'fg(untll 30 m1n after loss of the tracklng dye front), the

'Tz;procedures as descrlbed in: Methods) (Film. exposure 7.
* . days).. .Molecular welghts were. determxned u51ng Pharmacxa
- LMW~ proteln mafkers,,phosphorylase b (MP = 94,000)," album—f Sl st
in (My. —;67 000)7,. ovalbumin (M, ‘= 43, 000) ,. carbonlc anhyd- ﬁ}ﬁt. AR
<.« rase’(My = 30, 000), trypsin’ lnhlbltﬂr (M -~ =.20, 000). and e
,ﬁx—lactalbumln (My =14,400): Lane- 1 (16,200 ‘cpm loaded).’ J"f:“gq -
;;unlnfected Sl59, lane 2 (58,950 cpm) . 5159, KaroA-‘lane 3 -
B e T B (76,200 cpm) - S159° ?\helper, lane -4 (17,400 ‘cpm) uninfected:
LT -'18159(Apapa), -lane 5 (18,500 ‘cpm) : SlSQ(Apapa) AaroA, lane 6 o
S . 4(15 ado cpm) 5159(Apapa) Ahelper. DT e e R
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b ST reflect the substitution of bacterial for phage sequences
;jﬂi,},;“fﬁ'.T'T;,-which occurred 1n “the’ creation of KaroA from Lts parent...
POl REF ud Proteins synthe51sed 1n 1 helper and not AaroA-infected ¥

cells can be ascribed €c those phage sequences lost in the

. ,‘ 2 0 e, . T
-3 substitution, whose Ioss accounts for\the defective chara—-

-

.
.'." ‘,c'--;

w1th M :— 29 SODH

u‘_

< !
§i0 _,‘ -

_whcse productL-V”

The Secqnd part of this

analysis (Figure 1 (ii))p in ]

which the lysogen SlSQ(ipapa) was used as host, sheds some
light onﬁthe likely origins, phage and bacterial, of the
promoter actiVities governing the expression of bacteriai ‘

5 genes carried by the transducing phage. The efficiency n

, ‘.s-"

‘O Mlth which phage gene expression is repressed in the 1yso-:

N
H . ' Tl P . T e R et e g T G E K
i, .

)

genic host can be clearly appreciated from,a comparison of

. s = ,,-. s c.-‘ o -

proteins synthesxsed in the different hosts infected WlthA,“:z?

fT%flfé{AfhEIpér535159 (1ane'3) and SlSB(Apapa) (Iane 6)‘ Thisfl {

-—' v ‘

phage-proteins-in SlSB(kpapa) infected W1th ﬁaroA (lane 5)

- B

g0y

‘i

- A A ¥
.,h.- FREECEI s.....

led proteins are synthe51sed'to any appreclable exten

’ . M e

- :' '\ o

'f;:x~f0ne of these products (M"

'\

'l_‘: u--".

helper-infected cells glane GF-

_... K

:is probably the AcI repre— ;

ssor protein which is known to be produced under these
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conditions (39). The remaining five, which comigrate with
products shown in Figure‘l (i) to be unique to transducing
phage infection of thé ﬁonjlysogeh,7oh the other hand
prohahly'répreSent bacterial:proteins encoded hy'kgrgAA
which are transcribed froﬁ promoters of bacterial rather

that.phage derlvatlon. The(product of M, —445 500 ig the

only species of the six unique tolkaroA lnfectlon Wthh L

appears to lack ‘a bacter;al promoter by thlS crlterlon.

Y.

A comparlson of the mlgratlon of protelns syntheslsed
in AaroA—infected cells with the posxt;on of pure 51 mark-’
er run in the same analysls suggests the 1dent1f1catlon-of )
one of the bacterlal protelns coded for by thls phage as
the produet of. the _p_A gene. This proteln possesses an
My = 70, 000, close to thaﬁ reported for r-proteln Sl in-

sxmllar sDSs polyacrylamlde gel electrophoretlc analyses (71).

_-Sbs polyacffylamide gel electrOphoretic analysis of material:'

immanoprecipitated;froﬁ egtracts of NaroA-infected cells:

o

The relatlonshlp between bacter1al codlng capacxtles

attrlbuted to ‘the transduclng phage and the earlier obser- D

1

ved enhanced- synthe51s of antl sl reactlve materlal in .

AaroA—xnfected cells was explored further. The approach
chosen to clarlfy thlS relatlon, once again maklng use of
.the UVL - 1rrad1atlon system, took the form of an’ electroph—<

oretlc ana1y51s of specles prec1pltated 1n reactlon w1th
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anti S1 serum. Proteins synthesised in irradiated cells
of both S159 and S159 (Apapa) infected with AaroA or
helper; were extracted, reacted with immune serum and the

immunoprecipitated,ﬁaterial'analysed by  SDS polyacrylamide

gel electrOphore51s. o ; o -
r ’ o

: The flrst part of thls analys;s presehted in. Figure 2'

(1) shows clearly that"an 1mmunoreact1ve specles, whlch 1s~.3'

detected mnly 1n extracts ofAAaroA-lnfected 5159 (1ane 3)

apd thus llkely of bacterlal orlgln; comlgrates w1th pure';

~.81. A Second proteln of M, = 38,000 is preclpltated from
. thlS ‘extract bit would seem, from ltS appearance in the

1mmunoprec1p1tate produced from A helper—fﬁfected cells,’

.

likely a phage proteln (p0551b1y the magor capsld prqteln,

gene E product).
Thefsecond part of the analysis (Figure 2.(ii)) establ-
1shes, in agreement W1th the - results of FLgure l (11),

*

that the Sl comlgratlng material is synthes;sed both in

the non-lysogenzc and (albelt at -a sllghtly reduced level)"‘:
“'the 1y50gen1c host 1nfected w1th AaroA (lane 6), conflrml-:

' ng 1ts 1mmun1ty from cl repre551on of phage gene expre351on.

The proteln of Mrv— 38 000 referred to above is not detec—

‘ted in extracts of elther aaroA or'K helper-1nfected lyso-

~gen (lanes 6 & 5), as would be expected 1f 1t were a phage{

gene product .

In

The suggested 1mmunologlca1 1dent1ty of proteln s1 and

)

uthe comlgratlng materlal synthesised in }aroA—lnfected

‘y

—



Figure 2. ' SDS polyacrylamide gel electrophdresis of mate-
rial immunoprecipitated from extracts of UVL
irradiated S159 and SlS9(Apapa) 1nfected with
AaroA. Coa .

Samples (BOO)ul) of cultures of . strains Sl59 and 8159
-(Apapa). UVL" dirradiatéd and. labeled with L-(?$S) methionine
as specdified in the- legend to - ?Lgure 1,‘were extracted and

-530 fractlons (640‘pl) ‘prepared. Portions of these extrac-.

ts ' were. reacted ‘with. equlvalence ‘amounts  first of" antlbod-:f

‘fles to; 81 _then:of.protein A-sepharose adsorbent, andthe ~
o wresult 1mmunoprec1pitates washed ‘then solublllsed in, .
.'SDS-sa Te buffer (100 ul). .Volumes. (25 ul) ‘of ‘each of . the

Y"-selublllsed samples ‘were: w1thdrawn for analy51s alongslde

.‘w;a pure s marker. on’: an SDS -10%. acrylamlde .gel. FolloW1ng
*electrophoresis ‘at 15" mA to stack.and 30 MmA"to run: (untll

.- the, tracklng dye: approached -1ém-from.the lower. end)),'the

gel was stained and processed for- autofluorography (all -

Molecular weights were €rmined as in Figure 1. Lane‘l. .
* (120 . cpm.loaded)” uninfech 159; lane 2 ‘(450 c¢pm) S159.A
helper- lane 3 (3,760 cpm) S159.Aaxod; lane 4 (100 cpm)
uninfected - SlSS(Apapa), ‘lane 5 (120-.cpm). S159.(Apapa)- A
helper- ‘lane 6 (1,900 cpm), 8159(Apapa) ,AAroA; lane 7 (60 -
-cpm), as. samplé ‘6 except that the immune sérum used “for
‘reaction with $159 (Apapa) .AZroA’ extract was flrst 1ncubat—
ed w1th an excess: of pure Sl T for 15 m1n at’ 0 C.

procedures as described in f:thods) (Fllm éxposure- 48 hr) ..

S rmaene e,
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cells is further reinforced in Figure';2 (lane 7), by the
demonstration that preadsorptlon of the antJ. serum w:.th an’
excess ‘of pure Sl before reactlon vuth an extract of }\aroA
: :.nfected 3159 (?«Papa) resultsl in con;plete ellmmatlon of

thls radloacﬁtvely labeled proteln from the munOprecx.pl-”l.«: o

tate. S Ca ,_"' '; ‘ Al

r

Two d1mens1onal polyacrylamn.de gel electr0phoret1c aﬁalys:.s

of total mater1al synthes:Lsed :Ln AaroA—-lnfected cells " . _ h PR

he nature of the bacter:.al prote:.ns encoded by }saroA . " -:".f T
was examlned further us:.ng the UVL 1rradlat10n system thls‘ . .
time coupled to the method for two dlmen31ona1 polyacryla- .
mJ.de gel electrophoretic analys:l.s devxsed by O'Farrell
(89) Prote:.ns synthesised k1n lrradiated cells, both lyso—
genlc and non—lysogenlc, 1nfected W1th thls phage and ‘
lebeled w1th L-(" S) meth:.onme, were extracted then anal-qﬂ"
sed u51ng the o Farrell technlque. . . ; '»';.:1:' ,l. ,
' The analysz.s, shown m Figure 3 (a) (non;-lysogen) and. S
(b) (lysogen) ; _clearly demonstrates that a bacterlal prot- .
' e1n synthe51sed 1n both types of host :mfected w1th thJ.s
phage, and thus lxkely expressed from a bacter1a1 promoter, "
comlgrates) w:.th Sl This proteln, wh:.ch by such conugratlon
is shown to be ident:.cal to Sl accordlng to cr:.ter:.a both ‘
. of J.soelectric pomt and M,,. behaves as expected ln th].s ,

N ¥ " .
3, L e

gel system, migratlng w1th a pI 5-6\ and M,. = 70 000 (95)

—The results of Flgure 3 (a) and (b) in addltlon, prov:L- o

— .. B - TN

ey
»




"as sPeC1f1ed 1n the legend to Flgure 1,/ vere : lysed in: small e
:Evolumes (50 ) ‘of . 1y51s buffer by freeme-thaw treatment. ;
"A portion (5 ;dJ of . ‘edach lysate to which;a quantlty ‘of

i”jiwpure sl marker (1 1 jag-in 25 aal' of ‘1ysis buffer) had beeh ‘:f;‘ﬁ; "fi,
5 ~fadded, ‘'was ‘then’ w;thdrawn and “analysed:by: the: O'Farrell RS Lo
"ﬁ',procedure. After electrophore31s for 5,300 V/hr in. the

' }”:stack and :30-mA to'run. (until ‘the’ tracklng-dye ‘approached’ . S e
1" cm from thé- lower 'end). in the SD§ secorid dimensioh, - o ;f SR

' .-these.gels were: -gtained and processed for: autofluorography ' o
" (all pro::edures as descrlbed in. Methods) ‘Part :(a)-8159. .

(X?apa) AaroA (17 100 cpm) (fllm exposure 66 hr)

Figure 3. Two dlmen51onal PQlyaCrylamlde gel electrophor-
- esis of total proteins, synthesxsed in UVL irra-
diated §159 and SlSQ(Apapa) 1nfected with AaxoA.

Samples (400;;1) of cultures ‘of . stralns 8159 and 8159 R "; \
(Apapa) UVL 1rrad1ated and labeled with L-(?$5). methionine- . N

-igoelectric fOcuSLng Eirst. dimension,. followed by ‘15-.mA - to

T )DaroA (81,400 cpm) (film exposure 36 hr), part (b)‘SlSQ
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RESULTS II

The exper:.ments descrlbed in thlS sectlon were a1med at
‘ festahllshmg a restr:.ct:.on map for a sect:.on of the bacte-

l:-frJ.al chromosome carrled by the }\aroA transducmg phage : L

. ".._,‘shown in prev:.ous analyses to c0ntain the gene for r-prot-’f"’

“:j?eln s1 (_B_A)-s~a5*f$"” “

‘ ElectrOphoretJ.c analysm of res\trlctlon endom:clease dlge-— h

o

sts of )\aroA DNA

The task of constructlng a detalled restrictlon map of

3

the' }\aroA genome was approached usmg -an adaptatlon of the
iclass:.cal double dlgestlon technique. The problems of
. 1nterpretatlon J.nherent to the’ use of th1s method were -
s : m1n1mlsed by the selectlon of restrlctlon enzymes for
g ‘which the locatlons of cleavage s:.tes 1n kpapa DNA are
.”fknown (96, 97)._ | L | ‘
For each restrlctlon enzyme, the patterns of fragments
' ,produced ,m s:.ngle and apprOpr:uate double dlgestlons of o o
o ‘_)\aroh DNA were analysed by agarose gel electropho\res.ls.” ’
{.I_'The results of these anallyses as presented in Flgure 4 (a)
(g), were then correlated w:.th a restr‘ictlon map of the )
: .'parental A helper genome deduced from J.ts known relatlon
"‘_to the publlshed structure of the )&papa chromosome (5 96) .

.to permlt ordermg of the fragments found in each dJ.gestJ.on. R
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M

Figure 4. Agarose. gel electrophorems of DNA fraqments

produced by restriction endonuclease dJ.gestJ.on
of AaroA DNA. PR .

DNA prepared from phage ?xaroA waé dlgested to completlon,g
o 'wz.th single ‘or ‘a’combination of restriction-. enzymes, and-" . ¢
... the’ products separated by relectrophoresis. in-0.8% agarose ST
<o :.gels .in. the presence; of ‘ethidium bromide:;. After: running o .
"-’the 'desired extent,- gels were . removed and the’ fragment B
l;:v\.patterns obta:l.ned photographed usmg v illumlnation, (all SO
T ;]jﬁprOcedures as descrlbéd in Methods) Molecular sizes were' - el
. ' determined- using the: following markers, Hin dIII, digest- of,"' R
UL AcI857.7(23.51,- 9. 59., 6.64,°' 4,45, 2,29, L. 95,7.0,59,” 0:13- " iy
-0 kbp)! a.nd Hae III: dlgest of ¢x174 RF.(1.35,1. 085 0. 87,_~, \
R 60, 0.31,/°0.28;-0:027,:0.23, 0019, .0.12,0. 07 kbp) v T >
S Results pertinent to: the mapplng ‘OF; each set of restri-;.
: _;ction s:.tes ‘are presented - grouped. according ‘ta- enzyme, (a):g'.,,- S
“.~ . Bam HI,’/Eco RY .and Hin dIII;" (b)" Sal" E; ‘(c)..Bgl. ‘1 (d) PPN
;U_Hpa I (e) Pvu I, (f) Ava -X- and Sma I-' (g) Sst I

o
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Initially, the arrangements of fragments prodnced by

- digestion. of haroA DNA with enzymes Bam HI, Eco.RI and

‘Hin dIII were determined. ‘The orders shown.in Figure 5 (a),
were. derlved from the results of the varlous double. diges~
.'tlons presented in Flgure 4 (a), and conflrmed at least in
l‘thelr 1dent1f1cat10n of right and left end fragments by
-'the results of an ana1y31s of the effect of thermal meltl—.
f%ﬂng of A.cohesrve ends upon the fragment patterns obtalned

‘Lln each sxngle dlgestlon (data not shown) The orders of

f‘restrzctlon fragments produced by dlgestlon of %aroA DNA

‘-w1th enzymes Sal I ‘Bgl i1, Hpa I, Pvu I Sst I, Ava B and3ﬂ

Sma I, as shown 1n Flgure 5 (b) (g), -were then deduced
using the prellmlnary Bam Hf;Eco RI-Hin dIII map as a

' guide to the 1nterpretatlon of-the 51ngle and doub;e d;ge-
st fragment patterns shdwn in Flgure 4 {b) - (g)

The method by whlch fragments were ordered using these
;results may be 111ustrated 1n the. approach used to constr-
.fuct thie Bgl II restrLctlon map of the transduc1ng phage kN
"”DNA shown 1n Flgure 5 (c) The results odgFlgure 4 (c) l
‘demonstrate that Bgl I dlgestlon of AaroA DNA ylelds

..

‘.e1ght detectable fragments ‘of, srzes, 15~2, 11 8, 7 0, 6.7,

,‘12 45 1 57 0. 65 and 0.48 kbp. of these,efour may be 1den-‘

t1f1ed from the 1nformat10n supplaed in publ hed lambda-

9
maps as purely A fragments, and aSSLgned to: the far left

(0.48) and rlght arms (2.45, 70.65, T 0) of the genoms. The

'four remaxnlnq fragments, whlch comprlse two of purely

-
,\ e

t

-



60
Figute-s. ’Arrangements of fragments produced by SLngle and
. + double digestion of AaroA DNA with restriction
endonucleases. .
. The observatlons of 51ze and number of restrlctlon
fragments produced -upon- dxgestlon of AaroA DNA with- each -
enzyme and combination of enzymes, as provided by the’
. e results of Figuze A (i)-(g), were collated and the. combln—
A, - ed informatlon used. in the: derlvatlon of the: fragment
: BV ‘ *orders presented. o o : T .
‘." N ke ) ’ .
: S 7
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bacterial and two aof part,phage and part_bacterial sequen—

ces,'requgre the interpretation of double digest data for

thelr orderlng
The fragments obtalned in Bgl II/Sal I and Bgl II/Eco
_RI double dlgestlons -of- the DNA (Flgure 4 (c)) both agree

‘in. the positlons suggested for the two extreme insert

1

B contaxning fragments, 15 2 and ll B kbp In the Bgl II/

-

Eco RI pattern both of these fragments are replaced'by thef;'5

products of thelr dlgestlon, 15 2 ll 2 + 4 0 kbp and

‘11 8= 1o 0% 1; 8 kbp. Whlleqln the Bgl II/Sal T pattern ol
they are replaced 15 2-- 4 46 + 7. 75 (Sal I) + 0. 51 (Sal ;1'~1
' I) + 2 47 kbp and 11. 8 9 72 + 2. 02 kbp The prelimlnary

- Eco .RI map ofﬁkaroA DNA, whlch glves the prec1se locatlon

of the Eco RI cleavage 51tes xnterruptlng these Bgl II

o fragments, pinp01nts the posxtion of - the 15. 2 to the rlght"'

“and the 11 8 fragment 'to the left end of the 1nsert.
Assumlng thls assxgnment, the pattern of fragments ;_
produced 1n a Bgl II/Bam HI double dlgestlon of the DNA ;

(Elgure 4. (c)), deflnes the arrangement of the two rema1n-]

1ng purely bacterlal Bgl II fragments 6 7 and 1 57, relat—.:v”;

4

1ve to left (11 8) and rlght (15 2) extremes of the 1nsert:j‘

Although the 1 57 kbp fragment 15 uncut Ln thls double

dlgestlon, the 6 7 kbp fragment is replaced bY three dlge- Do

stlon products: s 7 =1,70 "+, 2; 64 (Bam HI) + 2 3o kbp The,“
1dent1f1catlon of the central of these as the Bam HI 2 64 .

fragment, 1n llght of the pre11m1nary Bam HI map of AaroA‘




~'such a fashlon for each dlgestlon was constructed The'

’entlng 45% -of the total AaroA.genome.

65

DNA establishes the posltion of the 6.7 Bgl II fragment
on the left side of_the 1.57. ' ‘

‘A composite restriction site-map of the transducing

phage DNA, combiningvthe fragment—o:der data determined in

A

. resultlng detaxled descrlptlon of the AaroA chrdmosome,

[N

“Wwhen compared to a map of the parental A.helper chromosome.
'inderived from publlshed 1nformatlon (5 96), prov1des a
'}fﬂclear 1dea of the nature and extent of’ substltutlon of“
.igbacterial for phage sequences 1n the genOme\of the transder
-:ucing phagp, as shown 1n Flgure 6 From such a comparlson,
‘;‘lt is evident that approx1mate1y 15 kbp of the lambda
sequences 1mmed1ate1y left of the att sxte are. lackzng in
w_the chromosome of RaroA replaced in thls phage by a seqm—"-‘

- ent of the bacter1a1 chromosome measurlng some 20 kbp

(equivalent to 0 20 E. coll chromOSOme map unlts), repres-

4

- .

:Detectlon of DNA fragments ln restrlctlon endqnuclease‘
udlgests -of E. COll chf%mosomal DNA hybrldlslnq to in v;tro'

-radloactlvely labeled AaroA DNA

- The relatlonshlp between the restrlctlon map construct— .

~ed above of a: segment.pf bacterlal DNA contalned by a.

AaroA phage, and the structure of the 20 mlnute reglon of

.the E. coli chromosonm whence thls 1nsert was derlved was

explored u51ng the hybrldisatlon technlque of Wahl {(92) .
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N Restriction enzyme cleavagensite map af the L

Sg =N The orders for restrlctlon fragments obtainéd in diges-’
‘ AaroA DNA with various: enzymes as préesented.in -
11 C Flgure 5 (al-(g) -were combined. to produce’ the'. compositev

M . . . .

S S s restriction’. map shown beIow.,A restriction ‘map - ofwthe LR
L . TP parental Al helper génome’ was-deduced  from- its known. ‘relat-

Apapa ﬁbmosome (5.
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ngh molecular welght chromosomal DNA 1solated from

E. coli €600 : (Klz) was’ dlgested with elther Pvu I or Hpa I,

F it T
P

and the spectrum of restrlctxon fragments produced electr—“'

ophoresed in- an agarose gel alongslde sxmllarly dlgested

S . .YQDNAs of A helper and.AaroA phages. The separated restrlct—

:bed DNA, as shown in’ Flgure":(a), was then transferred by

Southern blct to nltrocellulose, and hybridlsed to'%aroA

i’;::DNA prevxously labeled w1th;dCTP’(¥-}zP) to. hlgh SPeCiflcf

s

{activ1ty by n1ck translat1on.éﬂf

i:{ﬁThe results °f thlﬂ hybr1dlsatlon, Pnesented in" Flgure?f,f'wu

f.7 (b): Pérﬁlt a comparlson of the overall arrangemﬁnts offs:t;asz

}<;. -"1f‘ sequences 1n the karoA bacterlal 1nsert and correspondlngz fﬁ;”ﬂs.*
L E__Egll chromosomal segment~ Amqng the Pvu I and Hpa I

”“fragments present 1n the dlgests of chromosomal DNA, seve-f:f."

‘gfral were found to hybrldlse eff1c1ently w1th the labeled 'Aﬁlgx;“?

T , . {>Da~.--' ! R . o
QV' ‘ In the Pvu I chromosomal dlgestlon, n1ne fragments

e

‘.".... e

NS ‘:f\;ffhybrldlsed W1th thls probe, 1nclud1ng seven, 4. 7,‘4 3,

i-2 35 1 0, 0 98, 0 85 and 0 85 kbp, whlch comlgrate w1th g}fg;{j“

‘products obtalned 1[fthe 11ke dlgest of transduc1ng phage}FE’ S

';DNA. The Pvu I map of karoA DNA presented 1n Flgure Bixf‘

:”.Ishows that these seven fragments comblned represent the

&-"

u;entire 1nternal portlon of the bacterxal 1nsert The remas‘

7"'1ning two hybrldlslngufragments Of 6 0 and 13 Q kbp repla L fﬁb”ﬁ

,':ce the part bacte\ial part phage Pvu I fragments of ZaroA.;L




e

'*5fshown in, part -(a): Pvu I digestions:-lanes 1 & 3 X'helper.

o

"ﬂFiqpre 7.',Hybr1dlsat10n of E.- c011 CGOQ chromosomal DNA L L ;'5i

N . digested with restrlctlon endonucleases to: in .
' ' v1tro radloactlvely labeled laroA DNA

E. coll chrOmosomal DNA was' prepared us;ngeconventional IS

‘plmethods, ‘digested.to. completlon with either’ Pvu . I ‘or Hpa I ;ffjgu“,=‘~

and' the restricted DNA separated by. electrophore51s 'in a"

', .770,8%.agarose .gel alongside .markers: representing “the. produ-:'““7’* e
".'ucts of like digestions of Z.helper and Aaroda- DNAS.:

' . T

.The"- ethidlum bromide- stalnlhg pattern of fragmenfs is™ 3‘

+DNA" (0. S}lg & ‘25 ng)s 1anes 2 &4 karoA DNA (0 S/Ag & 25.
.ng)in lane doli-C600 DNA (2. 5/¢g), and- Hpa I dlgestlo-

A.,~j ns: lane’ 6 E. coli C600 DNA' (2. 5)ug), lanes 7. & 9 2.helper;q -
: '-} DNA (25 ng ‘& 0 S)Ag) lanes 8 5. 10 laroA DNA (25 ng & 0 5

).
)Ag - The’ restricedﬁDNA was cleaved to small fragments,.dena- S
tured and blotted: from :the ‘gel- 'Onto. a sheet:of. nitrocellu—.f-,.
‘lose,. After baklng and; prehybridisation;: theﬂpaper was ., 0
‘‘treated ‘with nick-translated 4CTP: ‘(y=32P) "labeled probe . . ¢ St
AaroA DNA for- a- perlod, then washed extenslvely at room S UL
temperature ‘then 42°C-in h1gh then low salt.: el e Tl
‘Thé hybr, gdlsatlon pattern ‘of” fragments obtalned upOH R
,autoradlogr phic exposure of the blot‘ls shown "in part (b),pﬂ.i;ff'“~ .

. PVu I digestions: lane -3. .helper DNA- (25 ng).;lane 4 0T T o

~'Aaroh .DNA .(25 »rig);-lane 5° E. coli. C600..DNA - (2.5.0g) % Hpa T
.digestions: -lang 6. E. coli C600 DNA . (2. S/ugf “lane 7 A *"

" helper DNA' (25 ng); lane 8 AaroA.DNA (25 ng) AFilm: expos—i-“ .
.ure’ 36 hr) (ALl procedures ‘as’ descrlbed in Methods) e e
Molecular sizes :were. determined.using .the’ ' following. marke— B Do
“rs; Hin. -dIIl- digest of RcIBS? (23 51, 9 59, 6 64 -4 45,._f7—5}1; g :
2 29, 1 95 0 59,‘0 13 kbp) N . AR




. . . ) ‘ . "
N - . s ‘W' G,
S v : [ e . rabrrr L A T o Koo

. . - . .
M 1]
- 3 M ~
.
T <10 ’ .
N [ . ,
. ..' . tat e .
. .
,
‘ - v o .
. . o,
R ~ . .
. - S - -,
. . * . . - . Al . -
e T e e . .x.,.x...-,,.;w - ,_L o E O . v . . ,
e e . CE | . o . . , ,

e Pydl . Hpal" ey




* . . D . . . ‘ - . . L .
- - B L A carne e,y fRRYOITR .
g . B T T w WIS Lol Dt A
v .

. r ' - . .
. | | . S
Marker size S

LIRS
BEOech
¥

$:
i

IR




5
1.
5
7
1t
:
R
[
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P, N T

,h T viewed as 1n FJ.gure 8 :Ln terms of the establlshed Pvu I

i

© oyt pmer AT TR 10 4 e e e -

»\" A'..‘{ Lt . :

contain;mg left (12 .6) and r;.ght (8. 25) ends of/ the insert.

i
Slmllarly, in the Hpa I chromosomal dlgest:l.on, nine
fragments hybridlsed w1th the probe, seven of whlch 9 8
2. 80 12, 00, l 74 1. 21 0 66 and 0 56 kbp conugrate with

)aroA Hpa I dlgestion products. The Hpa I map of )s.aroA DNA

shown J.n Flgure 8 shows that these seven fragments togeth- '-.-,- -

er represent the Lnternal"sectlon of the bacter:.al J.nsert:-"'-,:‘_fv_ L o

carrled by thls transduc:.ng phage, conf:.rm:.ng the Pvu I

,,,,,,

results._'l‘he two ade.tional hybrldis:mg fragments of 4 01 i-}f.,‘i ‘

and 3 20 kbp once again replace AaroA Hpa I fragments '
conta:.n:mg left (2 51) . and right (4 74) 1nsert ends An

ll 8 kbp Hpa. I fragment wh:.ch appears 1n both eth:.d:l.um

brom:.de stain and hybrxdlsatwn patterns of larok dJ.gestJ.on -

products probably represents the combmatlon of 9 8 + 2 00 .

kbp J.nsert fragments, whlch are separated by a Hpa I s:.te

bel:l.eved partlally resxstant to cleavage.

t,

'I‘he combination of the hybrzdlsataon results, when - L

and Hpa I restr:.ct:.on‘aps Of RaroA DNA, strongly supports' PR

the proposltlon that the overall arrangement of DNA seque-"‘_"_‘1 R

nces descrlbed for the )\aroA bactenal insert tr,uly refle-._i"-'

cts that found in the reg:.on.,of the E.. col:. chromosome
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Pigui‘e 8..\- Hpa I and Pvu I restriction enzyme cleavage site
m L maps of the left of the AaroA genome.

R 'I'he order, of Hpa I and" Pvu I. restnctlon fragments of

. _MroA 'DNA descnbed previously, (see Figure 5 (d). & (e)),
L © dre repreduced below in- relata.on specz.f:.cally to the stru-
o IS cture of the left arm of the 7\aroA genome. R . :
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re 7 (a) r. would not hybridlse w1th radloactlvely labeled

75

and Hpa I digestion of A helper DNA hybridise-with th_e
radioactively labeled AaroA DNA, as. would be expected from
s the extent of sequences common to both phages (Figure _6).

‘However, 'the pattern of hybridisation to d»ig"ested A helper

DNA shown in Flgure 7 {b) differs in one respect from that

: ant:.c:.pated The dlgestlon of J\ helper DNA w1th Hpa 1

'(Flgure 7 (a)), yields fourteen detectahle fragmentq,‘ -

arranged in. the genome of the phage 1n the order (rlght to.j e

left) 7 6 51 (the combmatlon of left and rlght end fragme-

~-for phage sequences m the derlved ?\aroA transduclng phaqe

genome removes a segment of lambda DNA, whlech from the

publlshed Hpa I map of .the )&papa chromosome (98, 96) should

‘ 1nclude part of 3 44 and all ‘of fragments 2. 26, 0.25 and

ts 2 26 0 25 and 10 7 though present. in the pattern of

_products of Hpa I d’lgestion of ?- helper DNA shown 1n Figu-ﬂ

v :)earoA DNA, 'whlle fragment 3 44 (whlch conta:.ns some seque-

'-.nces common to the transducmg phage genome) would

The results of Flgure 7 (b) however contradlct thls

?\ helper does hybrldlse to the lalpeled probe, «whlle the
- 3. 44 kbp fragment does not Thls dlscrepancy may 1ndicate

that some revismn of the published Hpa“ I restr:.ct:Lon s:Lte

' ‘map of Apapa mlght be necessary to accomodate a. reversal

‘} .

- nts), o 74, 4, 62, 4. 47, 3. 44, 2. 26, o 25, 10 7, 4 52, 0:44,

" 3,06, 4 47, o 24,.5. 77 kbp. The’ substltutlon of bacterlal o

' '10 7. As a consequence, 1‘t mlght be expected that fragmen- o

i :_expectatlon, to the extent that the 2 26 kbp fragment of
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"iﬁacrylam;de gel electrophoretxc system of Li §‘Subraman1an
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DISCUSSION

The transducxng phage }aroA qontalns the gene for rlbosomal"

proteln Sl

The transduc1ng phage RaroA has been shown to encode a .f‘i

.1a11y two crlterla. Flrst the demonstrated comlgratlon of

a prOteln synthes1sed 1n )aro-;nfected cells with pure S1-

by SDS and later 0 Farrell two d1mensiona1 polvacrylamide

'gel‘electrqphore51s, whlch establ;shes the‘Ldehtlty of
And{'the'obseryed specific,preeipitation“f}om;extraété of °

eln, shown by SDS polyacrylamlde gel electrophoresxs to be"

.;'loglcal reactivity. .

Phe 1dént1f1cation of. r-protein 's1° among the pnoducts\

F'encoded by a Aserc transduczng phage has recently been

4

'.reported (11)..In thlS case, identlflcatlon rested upon

'iﬁlnfected w1th phage )serc with an r-proteln occupylng a o

_3p051t10n4character15tic of Sl in, the two dlmensional poly-f

.

‘this haterial acco:ding'to M, and ieOelect;ic éoint;.Seco-J.
“AaroA—infeCted’cells-reacted'dith anti g1 sefum'of‘a prthA.

._thls coﬁigratlng produqt, whlch demonstrates the ldentlty }L”

'of thxs congratxng specles from the-standpoxnt of immuno-'

idemonstrated comigratidn of a specxes synthe51sed 1n Cells'é

L2

iproduct 1deﬁt1f1ed as r-protexn Sl on the ba31s of essent—ljw e

if—*"'.':
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(99) . The observed ablllty of }\serc to transduce an- aroA
stra:l.n to arot prototropy}r (11), would 1nd1cate ‘that thls
. - trensduc‘mg__phage contains bacterial DNA common to the
AaroA plage. ‘stu'died'he're, indirectl-y' conflrmmg -th'e- ident;
J.f1cat10n of Sl among products encoded by the,latter. o
- .' Although 1t lS unclear from the publ:.shed results whet-
(‘ her the promc:ter govern:mg‘ expressa.on of the gene for r-— .
D ‘ . : proteln Sl ( _p_A) carrled by )Serc J.S a phage or bacter:.al}.
E actxvity (ll), thJ.s study has establlshed that the promot—
o er dJ.rectJ.ng synthesrs of Sl 1n )‘aroA-infected cells 1s of.’:
a bacter;.al or:.g:.n. The basls for th:.s conclu51on lies J.n

-4 .
T

observed J_mmunrty of )\aroA-encoded synthes;.s of Sl from cI -

repression, 1n a homoumnune lysogen 1nfected with th:.s ) ‘ __ - R

-

phage, 1n whlch phage-—promoted expressron is: v:.rtually
ellminated Such a criterion has been applled frequently

‘:“! S dn the past :.n the 1dent1f1catzon of promoter activxtles

1

s

governing express:.on of &—protem genes carr:.ed by transd-

1 L - .

uclng and recomblnant phages (16 39 42) The 1dent1f1cat10n
of th:.s ba.ctenal act:.vrty as the normal chromosomal prom-' -
oter of‘ rp_A is supported by the results Of an analysrs ‘ |
comparmg arrangements of bactenal sequences 1n the inse- I'

A ‘i_"'"‘ rt of )\aroA and the chromoaomal context from wh:.ch the

‘v, - N FERNY . .
, e ; Lo
v S PR

. . The relat:l.ve :hntens:.ty of the bacter;al bands observed

" . ~'," \

.

1n electrophoretlc analyses of mater:.al synthesxsed in the

. oer

laroA-:.nfected lysogen, whlch would appear from the smul—




PN

‘

~

arities between band patterns obtained with alternative

("+c) 1y"sine and , (355) methioni-ne‘labels not to reflect-

smple dlfferences in the relat:.ve -proportlons of the Co . ~”‘

label:mg amino acz.ds in these prote:.ns, suggests that thlS

1

putatlve 2 A promoter is- of a comparat;.vely high efflcle—

. \

.4‘. R

Other bacter:.al genes conta.med by the transducmg phage
The observed synthes:.s in )\aroA-infected cells of 51x

protelns um.que to the transducmg phage :mfection has -

been 1nterpreted as suggestlng that this phage encodes

several‘- other bactenal-protems m addition to thatelden-f_"

t1f1ed as r-proteln Sl Although certam ldentlflcatlon of

) these species based upon the presen't reSults J.S not p0551- e

carr:Led by’ phage )saroA from the procedure used 1n the

ble, some comment upon thelr 11ke1y or unlxkely ldentxtxes
is appropriate.; T SR ‘@ ERR s S

ar

The two bacter1a1 markers, aroA and E A, known to be —_— o

selection of this transducing phage (5 R.- Welsberg, pers-

B ectlvely, both map at pos:.tlons close to 20 mmutes on the.'-' 5

. "-:..,E. coll. lz.nkage map (100) 'I‘hls knowledge defmes the

onal commu:ucation) and the results of th:.s amalysls resp-' N

. PRI '
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P

ity that other genes located in this chromosomal reglon
might also be carr:ied by this transduc1ng phage depends

) , - essentially upon two-consrderatieﬁs. Flrst, . the pos-:.tion.

-~
: of each gene ‘in relats.on to the 51te of integration of
the ?\ parent of. th:Ls phage and locatlon of the bacterial 'i
= '-*;marker, aroA, employed@m the selection of the phage from

A, o - “dy, R AP o
S st a generalised transducmg 1ysate Second, the distance \

E "I-:'-",I' ‘ :_:f.fi:':,between each gene and the sn:e of A mtegratlon relative

U ' '_"to the length of the bactenal :Lnsert contained by the
T “AaroA genome., L : IR ) Yot
§evera1 lines of evxdence J.ndlcate that the secondar§
attachment s:.te 'preferred for 1ntegrat:Lon of )\ mto the '4
;chromosome at. the 20 minute reglon 1s 51tuated on the’ }
r:.ght (clockw1se) and close to the _p__A locus Th:l.s ass:l.g-'

] ;nment wo j explam the observation that all three A tran— -
sducmg ﬁages 1solated usmq serc as : the selected marker, |
'”_ _were found also to conta:m genes aroA and _p__A (10)

'.-* ;4' | L ,additlon it would sugqest the possibility, given an appro—

S ' 'priate cho:Lce of selective marker, of obtainlng transduc:.-,.'

ng’ phages containlng loc:. to the rlght of r _E_A only ThJ.s
predict:.cm, w1th the° recent characterisation of ) _x_ngF
' _-:,phages shown to conta:.n _EC and asns but not aroA (101)
| ;-and the earlier reported 1solation of Kasns phages shown
'not to encode Sl (102), appearB to have been fulfilled

S G-
‘ ' W

If thJ.s ass;gnment of the s:.te Qf A J.ntegration :.s

.~correct, the possib:illty that chromosomal 10c1 right of
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E ) T IpsAa might be contained in the insert carfied by '.\aroA
1 would appear Very unlikely Instead, 1t wduld be expected

that bacterial protelns encoded by thls phage would repre—-
.Sent products of genes, mapped and unmapped, locate,d .to( ‘

. : < ";,the 1eft (anticlockWJ.se) of _p__A only. ': * 7.' '

, , The length of the segment of bacterial DNA carrled by

.....

v [ 1',,".\“1aroh has been estimated from the results of detailed

* 7 " o b X '.“' P ?ﬂ ! §
AR ,_.-_";‘Hj,'i‘restriction mapping of the phage DNA to be 20 kbp, or 0 SO:j ;

> ’3m:|_nutes of the E. COll chromosome This measurement prec:.-—r-'".; ST e

I

REE RO sely deflnes the distance from the 81te of 7\ :mtegration
-0 N PR

beyond th.ch 1001 are unlikely to have been 1ncluded in . . " v "

3.

'the transducing phage genome Combinlng thlS 1nformat10n

L ‘wa.th the positlon of, ;\ 1ntegrat10n assumed above would e
- pcunt to the probable source of . bacter:.al genes contamed
'.','by )\aroA as der:.vmg from the regn.on of .the chromosome .
f"f.between 19 5 and 20 5 minutes of the llnkage map N
4 L o o S :
) o -'Genes mapping at the 20; minute region of the E. coli chro—.;

: mosome RN o ' E ".‘." . |
'l‘he arrangement of. genetic 1001 mapping to the 20 minute
reglon ~of the E. col:L chromosome, Whlch J.S known 1n some

; ..-g;detail (Figure 9; 100) ,nwould suggest a number of possible,j e
' 1dentit1es for the bactenal protems encoded by phage )

l

"‘."j";w).aroA. The J.dentification of protelns correspor\ding to A

- ‘these genes among }»aroh—encoded products» 1s however somew—.'_'" o

.’ff...'hat hampered by the lack of published 1nformation,‘ specxf— -
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D lpBimeatiy b rve A thues L

Arrangement of genetic loci at the 20 m:.nute
i reglon of the E. coli . chromosome

from ‘the updated B K12 linkage map._: (100) G
;3_‘;:;.nsduction‘ frequeanes sﬁown .a::e der,:.ved from origznal
~gources (21, 103 109)
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:l‘:transduc1ng phage is however not excluded by such ev1dence(f;‘f' :i; ;
. 1¢ijﬂ? ' Of the protelns coded for by the 20 mlnute reglon for 7ﬁj‘£5
’ o - whlch elther Mr or- mlgratlon 1n O'Parrell electrophore51s : ﬂ?? ;ﬁ
. | - "15 documented (95 110), two exhlblt propertles slmllar to ;f; €3
f;- ' ;those_descrlbed for %aroA-encoded products (Flgures i &, 3) i; =f‘f
; These protelns, whose_publlshed characterlstlcs resemble S 'fét
) those determlned for protelns of M = 45 500 and 39 000 o f;f
Df Ftﬁ encoded by the phage, correspond to loc1 sers (seryl tRNA b {gfg
'jﬁfﬁ'yﬁ{ifh: synthetase, EC 6 1 l 11) and __Ep (aspartate amlnotransfe-} }ff";'fhg
; ' ’”:1f‘ﬁrase, EC 2 6 1 1) respectlvely.flt must be noted howevet,;;ﬁ ) : o
Z?jﬂ;ff;ﬁ;: ;° that the ass;gnment of the ldentlty of é_gp proteln to a fk'(' i;i_ﬂ
el productaencoded by’ﬂaroA would contradlct ev1dence—c1ted {t"’ﬁf_:f
¥ ,bg earlierAas a basls for deflning the 51te of 1ntegratlon ; ‘ff{{ﬂ
} 'ﬁ: usad 1n the creatlon of thls phage. ﬂjf,f.ig:i%,:”:fﬂfy':i’l' jifff
- . LIS e J g . ~:;"r 1
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'w' samal genes at Several chromosomal 1ocr‘(28 29 34 37

o mlght be closely 11nked to rEsA. At present‘onlyafour of

[’ electrophoretlc technlques (113, S9,\16 200,

- Unmapped: ribosomsl protein ‘genes i

. _“~

A ' s
R . : K
. - . .. S
- R . =
2 ———— . el !
‘a N L ca
- . ’ ¥
N " " a .
~ 85
n . .
!

e * T e T el e

. A - AT e SO e
u . P R, . ) ;

R T '27,‘ o oo l P

”’;._,'..e ,|_~:._\ ’ PO
e

In V1ew ofethe observed clustered dlstrlbutlon of rlbo— i~;f‘

et - . N s
..... firer | RS

ﬁthe pOSSlblllty that r-proteln genes as yeb unmapped,

"d

ems s9, Ll3, Lzo’and'L34

"—. ~‘; ‘::.- - . "."’-. ML RN

les (112 81)

One approach that may be adopted toward answerlng such ;"

a questron °f linkage is the anai;sls of protelns encodedfptfﬁns

by phage AaroA forﬁspecies resembllng the products of-'
these unmapped genes. A compaflson of the range of Mr

exhlblted"by phage-coded bacterial proteins determlned Lnef

j»Flgure 1 (29, soo so 000), WI.th that reported for these ERRES
‘1 —proteins estlmated using slmllar SDS polyacrylamlde gei_
Ll3 17 aoo,-f“ ’
120, 17 200. L34 9 600) would seem to rule out the poss1— fi:

b111ty that“aroA mlght contaln the correspondlng genes._f‘*i'

Although proteln L20 lacks methlonlne (114), the 51m11ar1—57 o

ty between phage product Patterns obtalned w1th alternat1—5 7-.Qf3ef‘“
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ooy - ' 'n“.‘. SEL : s - cic o S, -':: 5 o . ey

B g P o = o ~ L '_“n'-, A‘. s r. . i " L \!"no &, :«' o ‘ ,,.:‘

) ‘ it B o 1 ‘.': o B B K . L0 }. ." _— O e ) R

8nn 5 e g .7 O . =

. ' e - ; 3 s " 1".. g, [y s Y 3 .’ = = L T

-ve ("S) methlo' ne and . (‘4CD 1y51ne labels would sugge%t .~;2;".f'. f?

that 1t also 13 unllkely to be encoded by phage AaroA. 'rhe , e

s B Ly _results of o sxmxlar ﬂthysis of protelns“encoded by“lserc - ,'_?gi

'ﬁ;’u“a;': - gt employing the two dimensional polyacrylamlde geL eleotrop-'ﬁ- Rl e
g ' ; horetlc system of Kaltschmldt & Wxttmann (115+1 may be

interpreted as Eonfirmatlon of thls conc1u51on (11)

ks k x
P s LR ce ]

’even thhin the same transcr—'

... R x.:i" " A

——— L
.

'f" vy -~|' B

‘rial 1nsert contained by_th;s phage of the rEsA gene 'If ‘"p'g T i

. 2 N

L . : ;,f
the preferred 51te of A integratlon 1nto thé 20 mlnute ]ﬂ}f-‘

.
-;, o » - . ‘. O -

‘ ", - -.

_”rEsh as has been suggested above,flt wohld remaln a o f:

posslbility-that IOCl 51tuated rlghtward of thls 51te

might\lnclqde such unmapéed r-proteln_genes. An analysis
of\the protelns encoded by A EF phages might p0551b1y be

S
« T
o ul o

'3 1lluminating“1n thls regard.,J}_‘”U '_fy,ff‘bx:}.g:f?r[ﬁ“”'

DNA performed uslng a: varlety of restr;ctlon"'

the results of sxngle and double dlgestlons of Q“? ey
# 7 R .,..u "'.‘ .~‘ ‘." = 1‘5: N ,” . . 2 U
) - PRI ‘.g‘».‘, -“"1‘, :’ ?.,\_' "
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e endonucleases \,The degree of J.nternal consmtency exh:.blt-- BN 4

1

ed by thls map, as shown 1n Flgure 6 would suggest that

B T :Lt J.s an accurate representatlon of the structure of the

“

- ‘ :;\ phage genome. Compar:.son of the arrar;g"gn\int of bacter:xal
SRR sequences contalned Wlthln the phage genome w1th that of‘

the chromosomal region :from whlch 1t was derived has

mdlcated that the structure determlned for,,the phage

~f_“1nsert5tru1y reflects that preva:.llng gn the E. c011 IR

chromosbme S

e

A calculat:.on ‘.of lthe comb:med moleculaé' Welghts‘of

_,"__:-baetern.al‘ protelns encoded by %aroA (M,. 327 000) . sugge-"-:l

.

sts a. mJ.nJ.mum sxze for the 1nsert contalned by thls”phage

IR ‘;i'. I e T TN T T e T ey L LR
of 9 kbp, or 45% of the sxze :Lndxcated by the restrlctlo S

-‘“:.. map of the }aroh' genome. Thzs dlscrepancy mlght 1nd1<:ate.ﬁ

. the exzstence of extens:.ve non—codlng reg:.ons w:LthJ.n the

A;‘«.

\

e

msert, \or alternatively reflect a content of bacter:.al

O
-

- genes expressed at low and undetectable levels under the .

g "tcondJ.tlons of ana.lysi.s. ; At present no ev:x.dence has been"

»

obta ned that _would md:.cate the prec:Lse locat:.on w:.thm T

the context of these apparently silent reg‘:.ons, of genes p

' ,-‘:encoding bacterial protgms shown to be contalned by th




PN 1_ "l‘he isolatioh of Aasgc transducing Phaqes 550‘"‘ to: "‘::l

" 1.

3 .0.-:

"”encode r-protein Sl has recent;l.y been reported (chrLstian— o :

R ' ..~-.

sen, L & Pedersen,, ', (1981) Mol.;Gen. Genet. 181,_,548-

IR

551) The identifi(:ation of Sl codn.ng capaCLty ..1' this

ey
.‘, "

: study rested :lnit;.ally upon the demOnsttated migratJ.On o

a species synthesised J.n Aa Ec-mfected cells to a posit:.—

."-i crylami ,e gel electrophoretic'system., The identity was~

cay o O i 'a.

:cnnfirmed by a comparison of the patterns obtained in‘an

&

SDs polyacrylamde gel electrophoret:. ,analys:.s of partial

5
e .,-‘

chymotryptio d:Lgests of phage-encoded materlal and a pure"
Sl standard : . '

|l’
R ‘A.;

The close relationship between bacterial sequences

\“, .,. .o P elntl, o .-...,.‘v 'l‘ _,._.. -

contained by orie such l EC phage' A ECZ, and the karoA'“

‘- r—."

phage analysed in this stuqy mj;ght be Suggested by the

s:tm:.‘larity between thelr coding capac:.t:.es. Among the

.."r.,": '

ed by }@ggcz,.two ba51c rote:.ns of -M.- -'«30 ooo and 25 boo

_‘- ".11-‘ .. -

would appear from their m{.hqra'tion in". O'Farrell two dimens- ;

et .-‘.;".: \_....

5.»,10na1 polyacrylam:n.de gels to ba, identical to products / v

] _' encod_ed by karoA (Figure 3) A third acJ.dJ.c protem of

-'. ln
B o

= éo 000 encoded by lasgcz was not observed among AaroA- :

= g e,

encoded spec:.es, .but may be a trungated or hybrid product.-_ ,

- e !
v

;

‘;‘.:.,'i

AS'I_ u. ". ,:.

hetween chromosomal sequences contalned byA-the two

i
S

4;-.

Direct con'firmation' of the closeness of the relationsh- g =

rvae



R

c [ K - o . :
s, BN Lo . o - . =y
. . - s I v .. - o
. T . : BN 3
. - il - . -
1 . 5w g :
. DU i
[ 9
'\) - ' R o e
i . o , . .
. B v 2, W
- % PR i A .
. - + 1,
; .
\ 'y L.
Y oe .»~"k -

phages is prov:.ded by a compar:.son of the restnctlon .map.l

of the ?\ ECZ genome w1th that determ:.ned for phage )saroA:".;;,-,,.f_' [P

(Flgure 6') Such a comparlson clearly 1llustrates the‘

i A

sduclng phages .
L)

HJ.n dﬁI, Sal I Bgl II and qu RI cleavage s:.tes. The\

equlvalence extends on the rlght from the att slte, whlch

»

;f': :LndJ.cates that the same Slte :Ln the chromosome was used 1n
tJ.on of ?\aroA, to a po:.nt 15 kbp leftward, where the 1nse—’_fﬁ~

A detalled analysu of the chromosomal segment ,contaz.n-f'.j

ed by )‘ ECZ, mvolvmg subclom.ng of restrlctlon fragments o

of"t'ﬂ'é J.nsert DNA, has perm:.t!:ed 1oca115at10n of the E.

gene to a’ 3 kbp Sal I/Bam HI fragment a.t the r:.ght Juncta.—'.'_ S

. ldentJ.ty of bacter:.al sequences conta:.ned by the two tran-—;,-- ’

s def:.ned by, the dlstrlbut:l.on of Bam HI,

the 1ntegrat10n of the parent ‘to )asgcz as’ 1n the 1ntegra-,"v'--

“.‘ rt in thlS Aas ECZ phage ends. R i.' c e w

on of insert and phage sequences (Chrlstlansen & Pedersen, g

1981) 'I‘h;Ls ass:.gnment strongly supports a 1ocatlon for

the sxte of preferred % 1ntegratxon in thx.s chromosomal

: reg:.on lmmed:l.ately rlg‘htward of the EP__A ],ocus, K t
. " C ol ,
8 ‘ . y
. " » . . S Ve .
Lol ; T e

'
S e
7.
o
-
L
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The coding capac1t1es Of a ?\aroA transduc:.ng phage have

been analysad in. an UVL 1rradiatn.on and 1nfect:n.on systexn

SDS and. O' Farre:l.l* gel electrophoresls. Thls ana1y51s has S
indicated that 51x bacterlal protems are encoded by thls

;{:hage‘, of’ M,. = 29 500 80 000 _One of these species has

been 1dent1f1ed on the bas:.s of m\munologa.cal react:.vlty

and mlgratlon 1n electrophoretlc analyses as rlbosomal

. S~

protem 51 the product of the E A gene . Two other spec:.—‘;?'

es have been 1dentif1ed as products of loc.1 closely llnked"'

<

to g A, none apgear to correspond to products of rlbosom—-_ e

al proten.n genes ‘as- yet unmapped. °The synthe81s of flve of_‘";

3.

.7

these bactenal prote/:Lns 1n }\aroA—lnfected cells, J.nclud:.—-' -

) ng that J.dentlfn.ed as proteJ.n Sl, has been shown to be

dlrected by promoters of bacterJ.al or1g1n. B

The physzcal structure of the genome of XaroA has been

’

ted that the bacterial 1nsert carr;.ed by thlS p‘hage 1s

approxlmately 20 kbp 1n length A comparlson of the arran—-'} ';.

gement of bacterlal sequences contamed w:.thln thJ.s :Lnsertf._',

L Y
w1th that of the chromosomal context from whxch 1t wa“s {;,

derlved has suggested that .the arrangement carrled by the e

o phage truly .reflects that prevalllng m the bacterial

PR A N

S ‘ -

analysed in c0n51derab1e deta1l ThlS ana1y51s has 1ndlca-5 SN
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R PR : §1 e
. ~ﬂ{§';‘=fqi,”’sepharose freshiy washed 1n NP40 buffer, and 1ncubated _H;ﬂfff

'»Luf}ﬁ'for a further 15 mln at 0 c. The immune complexes flrmly

-

rassoclated~w1th the adsorbent were pelleted at 12 800 g/

VVfGO secxand room temperature (Eppendorf mlcrofuge), and

”washed 51x tlmes 1n TSS buffer (1 ml) to remove contamlna— ,f;”

fting radloactivity. The resultlnq prec1p1tates were then if*f”

fsolublllsed Ln SDS—sample buffer by heating to 100°C for 4

Smln, and elther the entLre supernatant plus pellet transf-lw*”',

s
~r

‘erred 1nto 10 ml Aquasol for countlng,tor the supernatant

'-f";free of adsorbent removed for storage at -70 C unt11 requ—*:53'

lﬁlred for SDS polyacrylamlde gel electrOphoretlc ana1y31s.
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.;_both tltrated aga;nst a 1 1n} a~radloact1ve-

380 ;OQ)duqf adsorbent

._-‘~ .,' e "",A
:f ase~in elthe:nen§1body or these levels ‘can

B
~1n 1ncreased background contamlnat-

:;,SDS polyacrylamlde ge : ectrophoretlc:analysxs of 1mmuno-'

,..

of»levels of antlbody“and“adsprbent centred on=equiyalénéeA

s analysed py SDS polyacrylamlde gel electrophoreSLS.
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N S }jfiiu'ifﬂ-ngure216;7 Immunotltratlon of ‘a radloactlvely labeled }‘e;“f‘”ﬂ

EN“,'orbent (lnset) _ R A

L In two separate experlments, volumes (ZOOIUJ) of a 1 inc oo
- T 50 dilution of a radioactively labeled cell ysate were . ..o L
:Q” - o -titrated ‘with antlbody (0~ lojmg) in-a condition’ of adsorb-;~jfi;fj71
SRR : ent excess (120 of  a 5% adsorbent. suspen51on), and with - ﬂ’;'f“
A immunoadsorbent {0~ ISOJJJ in. antlbody excess (10 Lo
PRI B Experlment 1,.6 pg; Experlment '2)..;.The 1mmuﬂoprec1p;tates
g produced were washed then’ solubllxsed in SDS-sample: buffer,
;and transferred ‘completely into Aquasol for counthg (all ;;N.
. procedures as described in Methods). L
e ‘The" figures for: antibody tltration presented are correh )
s S cted for'. cpm- precipltated in the 'sample lacking- antlhody, ?””M, L
. ‘[ ﬁﬁ;'y whlle those. . for the. titration 'of 1mmunoadsorbent are. corr-':{:.*u,:’
. T ected .only for the buffer background._, - ST
“The symbols V,Vlndlcate the equlvalence po:l.nts J.n_each e
g uuumn T L TR e R
. : ap ; —l . \
v ? i ¢ A : N v

?rf-;g;”{ 1f‘:[_":(w“”fvff‘ crude cell. lysate w1th antlbody and lmmunoads-ﬁ;_; ,.~,rf,u
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“Vsigure.iirﬂ SpS’ po yacrylamlde gel electrophore51s of

Oy o

.1abeled cell lysate ‘ere 1ncubated with' antlbody (l0-40 -

:nslon) -as ‘in Flgure 0: “The 1mmunopreclp1tates produced

- were washed and. treatéd with SDS- sample buffér to. solub11—--~£

-ise prec1pitated ‘matérial. One-half volumes (50~ 100)11) of‘@“r
" ‘these samples were:. removed for analy31s in an SDS"10% BRI
. ;acrylamide gel alongside total crude - lysate- (10/41), and ai‘-ﬁ
:USample (of equ1valentLact1v1ty) ‘of material.remalning L
- after reaction Of 1lyse

.adsorbent suspenslon... .
,..; Following:electrop oresis at 15" mA to stack and 30 mA .
" torun” (untll the dye|marker. approached 1 cm- from the: RS S
the gel was stained and processed ‘for autoflu—,_¢¢?.fx
' orography C@ll procaddres ag deéscribed in Methods). (Fllm B
© exposure 48 hr) . Moledular welghts were determlned u51ng

"Pharmacia. LMW: proteln markers.;Lane 1- (35,700 cpm loaded) " .
.'crude lysate, 1ane 2 33,800: ‘cpm) materlal remalnlng afténz{)gvﬂﬁi“ﬁ

te wrth 20/ug antlbody and 150/ul

------

: 1p1tates, lane 3 (2 600 jcpm) zo,ug ant1 Sl, 500 adsorb—i S
rlent, lane. 4 (2,700 cpm) 20'ug-anti S1; .300" i1’ adsorbent;
_lane 5 (2, 600 ‘epm) . 20/ug anti S1; 150/ul -adsorbent; -lane. 6
2,250 cpm) - 10 anti’ Sl, 150 pl adsorbent;. lane.7 (1,650

cpm) Sjug‘antl s1, lSOyul adsorbent,-lane 8 (200 cpm) 150

: Volumes (200,:1).of & l in 10 dllution of radloactlvely-3*

}q) and 1mmunoadsorb nt.(150 SOO‘pl of 5% adsorbent suspe— ﬁﬂ'\

S emiat

.
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that the addition of lojug entibodz;and

quantitat;ve prec1p1 atloq o SL,Wié

R

The results of the preVLoqs sectiaﬁ*demonstratesthat' .

> S

- amounts of antibody and adsorbent susgensi

'150‘,d respectlvely provide for maximal Sen51t;vxty 1n

. _... o -

) " L] .4

;the detectionuof low 1evels of SI‘in a'crude Iysate of

ta b o
At e

'dopted:gn subsequent applzcatxons of thé imn
tlon technzque, #j?-:' s_;'ﬁﬁ?w\‘?§:5
...: R v'.« - W e £ R ey ‘.

tem includes a distinct”groué

. n';"

be precxpitated thh thls sys

The ohoxce of lo‘pg entlbody as the'

leter uses-of th xmmunopreei
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m'ellmlnate host chromosomal expre551¢n whlle 1eav1ng synth-'*

':'e51s of phage protelns relatlvely unlmpalred, has, proved ",iﬂ ;*f;.ﬁ'ﬁ

~7Ptashne (82), in Whlch 1rradlatlon of ‘a UVL sen51t1ve host

'at an approprlate level prlor to 1nfect10n 1s used to

-""of consxderable value in the 1dent1f1catlon of A phaclje jﬂ_.
' gene products. Experlments descrlbed in the follow1ng

.sectlon alm at establlshlnq the level of" UVL exposure ﬁ; ;’§7:,55

' pA
. ' -
L. ¥ i B . -
N Tl . N ! ¢ ’
B “ . AS
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Introduction - . Lt T oSl TS T e e

The UVL irradiatlonband 1nfectlon system developed by "';f-'., S
. ST Ty

5 _,0

WL

e

'%optlmal for use of thlS system 1n 1dent1facat10n of : e ".i :
“:transduclng phages contalning-the gene for rlbosomal prot—'}?;ji=fi . K
'.fée;n:sl~qf.E. coll:';;f“QQV:sijfif.;.?fl‘f.gf;}fvﬁ" e ;: E;

o T BN
(Methods % Tnao il oo T 0T 5Ijéﬁ?:ﬂi S ;
Wt - .ﬂ; . ,j N PRI l‘.q 8 5;-§: ;’r )
UVL 1rrad1at10n of E. COll 9159 ) _:(‘ . .
Cultures of straln 8159 groun at 37°C 1n M9M medlum ﬁgf{_? . :
(30 ml), 1n dual label exper‘ s w1th L—((U) ‘4C) 1y31ne ‘ -
'(338 mCl/mmol) added to prelab» OVer three generations, .:};:‘,3
:Awere harvested at Asoo 0 40 by centrlfugatlon at 10 000' 3 ¥
- pm/lO m1n/4°C, and resuspended to As‘”— 2. 0 1n M9M /’F'“ . v
‘;medlum supplementede1th 10 mM MgSO4. A volume of celf 5
- ;> e :‘. ‘:?? R T S A PN N

A s 1t sk
T At
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suspension (4 ml) transferred to a glass petr1 dlsh, was
o exposed evenly’ to UV llght (3 J/m’/sec), and samples (100-
;}v; 200/pd) w1thdrawn to lncubate at 37°C for 15 min w1th the A
- slmultaneous addltlon of TM buffer or A helper (multlpllc— L
1ty of 1nfectlon 5-10) (10 20);1) as. approprlate At the
end of thls incubatlon perlod°each culture was dlluted

S-fold thh prewarmed M9M (400 soo/ul) contalnlng elther

ments L—(4 5-5H(N)) ly51ne (78 l Cl/mmol), and lncubated

vfor a. further 30 mln at 37°C to pulse label Labellng was o
Ve LS - |

then termlnated by the add;tlon of a 100 fold excess of

N

unlabeled 1ys1ne plus sodlum azlde (10 mM) (55 110,l1),

¥ ‘tfil ”:'1“ . and samples taken elther for measurement of total label
i h ‘ 1ncorporated 1nto proteln, or for SDS polyacrylamlde 931
T "i electrophoretlcnanalys;S.. B ¥ B
. . - : ' .
}: g betermlnatlonl'f radloact1v1ty 1ncorporated 1nto .;:L'~f
5; ‘proteln I" .' o i’ v .
f,qiilti {?m—(See METHODS I) '
S o S A A

Llf:r Zi SDS polyacrylamlde gel electrophoresxs of protelns o

A (See, METHODS I) -
: Immunoprec1p1tatlon of Sl : . SR
(See METHODS I) P "I; SO e

L—((U) *4C) 1ysxne (338 mCi/mmol) or Ln dual label experl-."
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.Results

UVL 1rrad1at1on. Effect &pon S1- synthesis o ;‘ | .
I L
The effect of—a range of UvL dosages upon the extent of

".‘residual host chromosome-dlrected Sl synthesrs was determ-'f"- o L

wz.ﬂdhlgh levels of UVL 1rrad1atlon up°n synthesms b°th °f Sl

3|

71n Flgure 12, lllustrate the severe 1mpact Of moderate toi?-f?ﬁ}})tﬁ.f’

'and of total proteln. In cells 1rrad1ated at a dosage of

filned The results of thls analy51s, presented graphrcally fﬁfﬁjf'ﬂftwfkﬁf

500 J/m* the extent of lncorporatlon of raaloact1v1ty

1nto total protezn is only l 5% that of’ unlrradlated cells,‘

. whlle the amount of rad10act1v1ty prec1p1table w1th antl

"81 serum is only l l% of the unlrradlated control

on of phage protelns 1n lrradlated cells was analysed The L

5

-

jUVL lrradxatlon' Effect upon phage proteln synthesxs o _ff

The effect of a range of: UVL dosages upon the expressx—' S
. . 3 . . ' -
analy51s of total synthes;s of proteln, shown in Flgure l3,"~
demonstrates that phage 1nfectlon of cells 1rrad1ated at -
moderate to hlgh levels results 1n a marked net.stlmulatlon :

of proteln synthesas over the un1nfected control. Cells

1rrad1ated at 500 J/m , in whlch host chromosomal express-‘~"

Lo lon 1s only 1 5% of ‘the un1rrad1ated level exhlblt appro-

. f
xlmately 4 fold greater net 1ncorporation of radloact1v1ty

1n the 1nfected compared to the unlnfected condltlon.-ngh— :

.9 B ' . oot




T s
It ' Figure:12.- ,Effect of WL 1rradiation upon the synthesis ‘
B > ST of Sl and total protein in 8159
'i_ A culture of stram 5159 grown dn 'the preSence of A
) L—((U) l4C)’ 1ysme at.0. l)a.Ci/ml ‘was harvested, resuspend- : ok

Soute o on e ted in, MM medium, and yolumes. (ZOO/ul) withdrawn before - o
R 1rradiation, ‘and after ‘treatient ‘with UVL at 100, .200, 500, ~ R
Lo el - .750:and 1,000.3/m3. Followmg preincubation, cultures were - "
- diluted: 5-fold with MIM (800 l) -containing:L-{4, 5=3H(N) )"
’ SR lysine at 5/.\Ci/m1 (zerodose=-200" J/m2) ‘and - SO/JC1/m1 (500-, ::.
*'1,000:.3/m3) ; and incubated at 37°C for 30 min! Samples (2
S¥% 10 W) were' then  removed, for : measurement of total" incor-'--‘
poration of’ radioactivity into protein, and a. volume . (800
;ﬂ.) of each. culture: harves}:ed, extracted and extraéts’ . A
reacted with amti’ Sl serium to provide estlmates of radloa-""?"-},’ B R
ctivity mcorporated J.nto Sl (all procedures as described Co
m Methods) ; FEREENRRTI
'rhe values thus obtaine& for residual synthe31s of vl T
total protein. and - S}’ as presented, ‘are-in.the: form of. (’H) NN
/(M-c) ‘cpm ‘ratios expressed ‘as - a percentage qf the unu'ra- LT
diated ratio in each case..‘ , e

EOR LN * . R o .'4' s ) ," [ '.5. oo ‘_' e
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Cus e

' ,Fi"g'ur'g‘,_li,i.‘v Effect of” UVL lrradlatlcn upon protein synthe—" o

' sis m l helper—lnfected and umnfected 9159

I e - 3’ B L . R .

A culture of stra:.n 8159 grown in, the preSence of :
L-( (U)- “'C)—-lys:n.ne at 0, 05/.1.C1/m1 ‘was harvested and’ resu-

spended in Mom medium contalning 10 mM- MgS0,. Volumes (100'::3" ﬂ

) of the culture. were ‘then: removed .before" :.rrad1ation
‘‘and after ‘treatment ‘'with UVL &t 100, 200, 500; . 750 and
1,000 J/m%, ‘and 'preadsorbed with A’ helper Followmg prea— -
dsorpt:.on, each "culture was. diluted. 5- fold in M9M medlum
; (400 pu1) . containing L-(4,5~3H(N)) . lysine .at 2.5 ,Ci/ml
‘(zerodose—-200 J/m?) and 25/uC1/m1 (500-1,000 J/1 1-) and
lncubated at. 37°C for 30 min,. Samples were then wlt;hdrawn o
_ for determindtion of total incorporation of radloactivity‘-
J.nto protem {all procedures -as descr:.bed in Methods) .

The results of this analys;s are presented both' in- the.'

form of (3H)/('4C) cpm ratios for umnfected and mfected o

samples ekpressed-as a percentage ‘of the unirradiated:
;ratio in each case .(a), and as’'a ratio ‘relating the ‘infec—-.
" ted: and unlnfected (‘H)/("C) cpm ratios at each. UVL dosa--'-f-
ge (b) . o , . '
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er irradiating dosages enhance this stimulati (Figure 13 {' * 1 "

R "_' (b)), while reducing the absolute level of ‘1ncorporation TR 45
il . :m both infected and uninfected cells (Figure 13 (e)) ‘; "*'
: ‘._ ' g ru YIRS . "“i" - .'” fpel - |

-.p.

L
,-\. ._',-
ra

proteins ~synthes:.sed in 1nfected and uninfected cells,\. 4

#‘

L) e b s
T" . ‘.‘. .

_‘ shown in Figure 14, : confirms the results lof:‘ Figure 13 and

‘- . o ', ‘e

3 & - i %
e in addition reveals fthe nature of proteins constituting-

% s
‘a

residual host and phagé-stimulated express:.on "im cells : .
7m: 5.-.-0 'J/rn: iihe
only detectable 'synthesis in the uninfected condition is

4 . 1

.

of a hackground of small molecular weight products, :while

:Ln >\ helpe .

,-;'
-‘

-".

almost um.mpa;red ngher irradiating dosages reduce the
H \'_. g , I e ol -

4 S

complex:.ty of products syrnthes:.sed in uninfected cells at

demon s trate '...’that

™,

:.~-The results of the previous section

cells :.rradiated with UVI. at a, level of 500 J/m.. exhibit a,
R ™ ,.,1 “ -,“
'severe re,du,ction in host-directed synthesis of protein Sl,

.-0. 4 .I_( 'u.

»,-'

while retamlng relatively unimpaired the-\abllity to suppo— =




A8

_SDS polyacrylamlde gel electrophore51s of .. ‘
o _,protems synthes1sed in- unlnfected and A help— e .
. ‘.er-:mfected 8159 ': . RPLETI o . oo

¢

s :;Fi‘gure,."l.

- .

PR A culture of straln 8159 was grown, harvested and resu— S e PPN ¢
wl 1spended in ‘MM médium contamlng 10 mM MgSO.;, and:'sampled . L
j-;-before and after UVL irradiation at 200, 500:and 750 J/m’-
cF .- .- ~Samples . (150 ML) werespreadsorbed ‘with: A helper (15 /u.l) :
“oF . o ... then diluted.5-fold in MOM (675 1) ‘containing. L=((U)= “"C)
Y S S -lysine.-at 10/...C1/m1 and’ incubated at '37°C for 30'min.
COE LoD o D Volumes (500 p1) ‘of ‘each "culture were precipitated with)
S IR .7 . trichloroacetic ac1d, solublllsed DS-sample’ buffer,
.-and portions . (5 M1, ‘zerodose; - 25);1 200-750 'J/m?) “withdr- . - -
. awn  for ana1y51s. Aftetr electrophore51s at 15, mA to sta :
. -jand '30 MA to run {(until the dye marker approached 1-¢m .
S from the lower end) , the gel was stained. and processed for
,-autofluorography (all procedures as descrlbed in Methods):
(Film exposure 44 hr).-Molecular weights were determined - ‘ "
© » using Pharmdcia LMW prote€in markers. Lane 1 (45,700 cpm -
""" 'loaded) unirradiated §159; .lane 2. (38 ‘100 ‘cpm) . unlrradJ.at— S
ed §159. Ahelper; lane 3 (25, 400.-cpm). 200°J/m2" 5159; .lane’ L.onhe
R TR S e (3T, 500 .cpm) 200 J/m*5159. ;\helper, -lane 5".(5,;560 cpm):. S
BES FEPC RN soo 3/md '§159;". lane 6+ (16,300 cpm) 500 'J/m* S159. Ahelper,

N _'ilane 7. (2,170;-cpm)..750 J/m’- 5159 lane 8 (7 070 cpm) 750 A

F . L J/m" 8159 J\helper FE S AT R T TR

i | ' - f; ' : ::i‘.-v '

T » L TR B L
| ¥ R N
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