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                          INTROouerIou

    The male phenotype, or donor ahility, of ce11s of liEtSbs}zisinigcherichia Coli

K12 is detemined by the presence of an episome called an F factor.

Female or recipient ce11s (F') lack this factor. In F" donor strains the

F factor exists as an auton(rmously replicating element and is transmis-

sible independently of the host chromosome. In Hfr (yielding high fre-

quency of recombinaticm) donor strains the F factor is integrated into

and replicates with the bacterial chromoscme. Hfr cells transfer their

chromosomes to suitable recipients and chroinosomal markers are transfer-

red in a linear, oriented sequence characteristic of the particular Hfr

                          fstrain, beginning at the site of the F factor integration. The F' factor'

is an F factor incorporating a fragment of the bac!erial chrornosome. F'

factors behave like F factors; they can exist as autonomous episomes,

being transnitted independently of the host chromosome. If in the course

                                                                  'of transfer the chromosome breaks, the recipient receives only a fragd•

ment of the donor chromosrm (Jacob and Wollrnari 1961; Clark and Adelberg

1962). It seems to be sure that the donor chnmsme is transferred as

a single strand and acts as a template for synthesis of its complementa-

ry strand in the recipient (Cohen, Fisher, Curtiss, and Adler 1968;

Ohki and Tomizawa 1968; Rupp and Ihler 1968)r

    Mter. the transfer of genetic material, genetic recombination be-

tween the transferred fragment•of the donor chromoscnne and the recipient

chromoscme- takes place in zygotes. At least three different genes-----

:re= :cA, re"cB and recC-----are kn(wn to detemine the genetic reccmibination

events. Nl nndtiple rec- stratns carrying a recA mutation are sinilar

to the strain which canies. a recA imitation alope in Tegard to their

s



high ultraviolet (UV) sensitivities, high recombination deficiencies,

and inal)ilities to induce phage lanibda (X) in a lysogen. But these mul-

tiple rec- strains show the 1ow leve1 of UV-induced or spontaneous des-•-

oxyribonucleic acid (DNA) breakdcwn which is characteristic of strains

carrying a recB or recC mutation alone. lhe strain carrying both recB .

and recC rrmtations is similar in all properties to the single rnutants.

It seems that in a Rec+ strain, the recA product acts to inhibit DNA

breakdown which is detemined by the recB and recC products (Willetts

and Clark 1969). The strains carrying a recB or recC iTMtation were

shown to lack certain a.denosine triphosphate (ATP)-dependent deoxyribo-

nuclease(l]Xgase) activities which exist in Rec+ strains (Buttin and
                                                                 '
Wright 1968; Ol' shi 1969; Barbor and Clark 1970; Goldinark and Linn •

1970). Transfer of genetic material has been shown to occur norma11y

to single or multiple rec'" strains as well as to Rec+ strains by zygo.-

tic induction atid by fomation of F' merodiploidstwilletts and Clark

1969). But the functioning of a newly transferred lacZ" gene in lacZ

recipients carrying various mutations in the recA and recB genes was

progressively inactivated, unless the lacZ+ gene was c(mtained in an

episome such as F' (Dubnau and Maas 1969).
                                                  '
    The change in activity of transferred fragments of the Hfr chrorno-

scm)e or F' factors in Tecipients which are lysogenic for AE" and carry

a mutation or mutations in any (me or two of three rec genes was examin-

ed quantitatively by rneasuring the number of zygotes which, mpon induc-

tion, produced phage particles resulting from the LM.-i pTqphage transfer.

red from the donor.

                                 z



                              MATERIALS AND MIiTHODS
                                                  bacterial
    . N(mienclature: Genetic syTTibols used to designateAgenotypes and phenotypes are

   those of Taylor and Trotter (1967). Resistance and sensitivity to streptonTycin ant

   phage T6 are denoted by 3 and E., respectively.

        Bacterial strains: Bacterial strains used were all derivatives of Escherichi;

   coli K12. The Hfr strain was W3020 (frpm Dr. Kada), which transfers its chromosan

   in the order of gea,sl-attX-:t!im. The F' strain was W33SO (Lederberg 1960) carrying

   F' -gal factors, with the chrornos(mial segnents including the ggil and attX locus

   (Cinki and Tomizas-Ta 1968). These two strains are strS tsxS, and nonpemissive for

   growth of Asus rmtants (Eyu-). ABi157, AB2463, AB2470 (}Iouard-Flanders and Therio

   1966), and JC5474 (Willetts and Mtrunt 1969) were obtained from Dr. H. Ogawa and w

   used as a rec+, recA13, recB21 and recC22 recipient, respectively; they are all F

   ggatil' strr tsxr and pemissive for growthofsome )tsus mutants (Eyg"). ABI157-A car

   rying recA41 (Ogawa, Shimada and Tornizawa 1968), AB2470-A carrying recA41 and rec

   B21, and JC5474-A carrying recA41 and recC22 were made by crossing HfrC53 (from D

   H. Ogawa) carring recA41 with ABI157, AB2470, and JC5474,respectively. To verify

   the presence of each of the rec- mutaticms in these three strains, advantage was

                          '   taken of the cotransducti(m of recA with gC, and of recC and recB with thyA and

   ,IDE{ssA. Plvirl (Ikeda and Tornizawa 1965) was grown on each of these rec- strains an

   used to transdwce ABI157:t!!nt},A and AT713 (!!zEsC; ,1!zfieLsA) which was obtained from Dr. H.

   Ogawa. Arnong the transductants prototrephic for these rnarkers, Rec- strains were

   recognized by' their UV sensitivity. AB2470-C carrying recB21 and recC22 was made
                   J
' by selecting ti recC22 transductant of AB2470 infected with Plvirl grown on JC5474

   To verify the presence of recB21 and recC22 patati(ms, the F17 factor (Itoh 1968)

   was used, which covers the recB-recC region. A stratn which is made uv resistant

                                                                            '   by F17 recB+recC+ factors, but not by either F17 recB'recC22 or F17 recB21recC"

       '                                                                 ,                                                  ,
   factors should carry both !estB!-21 and xgtg,EscC22. ABI157rA, AB2470-A, JC5474-A, and

                        :   .t,y,,'ltlliO-rr, ure all F E
   '             t                        '                 '                   '   '           ttt
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ABZ470-C are all F' gaLl' strr tsxr and Eylz'. As a,rec+ recipient, a T6-resistant

derivative of 594(Weigle 1966), F- gaa,Ll- strr tsxr and Es!sz-, was used. After lysoge-

nization with derivatives of A, all donor and recipient strains were rnade resistant

to X. The selective indicator for the host-range (h) mutant of,A was a T6-resistant

derivative of CR63 (Appleyard, rVicGregor and Baird 1956), which is resistant to wild-

type A.

     lhage strains: Phage strains were all derived from X. Xclts is Acltsl-1 de-

scribed by Horiuch and Inokuchi (1967) and it produces a temperature-sensitive im-

mmity repressor. The lysogens are stable at 360C but can be induced by heating at

47.5eC for 10 min. AsusAll, XsusBl, ' XsusE4, and AsusR5 are suppressor-sensitive mu-

tants described by CaiTpbe11 (1961). xh is a mutant which can infect CR63. Recombi-

nant phages were made by apprepriate crosses. The presence of each of the sus' nTu-

tations in recombinant phages was verified by complementation test.

     Media: Penassay broth contains 17.5 g of Difco Bacto-Penassay broth in 1 li-

ter of water. x-broth c(mtains 10.0 g of Polypeptone (Daigo-Eiyo Chenicals, Tokyo)

and 2.5 g of NaCl in 1 liter of water. For plating, A-broth was solidified with

O.6g agar for the tep layer and 18 agar for the bottom layer. Ihe EMB rnedium was

supplemented with 1.5g agar and 1rg galactose.

     ExperinÅíntal procedures: Exponentially growing cultures of donor and recipient

bacteria in Penassay broth were nixed at a titer, based on colony-foming ability,

of 2 X 107 to 1 X 10B donors and 4 X 10' to 2 X 10e recipients per ml. Anti-" Se-

mm was added (K=IJ) to the mating mixture to inactivate free phage particles. After

co min incubatipm at 360C, a portion of the mating mixture was withdrawn diluted,

and agitated vigoreusly by a lhermo-nixer (Thennfic'mics Co., Tokyo) to interrtrpt rnat-

                       .                                           '.

                 '                                                      "' To measure' zygotic induction, the agitated inixture was diluted and plated on

A-agar ntth melted soft agar containing indicator bacteria and streptomycin. To

                                       '

                                      l•C•



measure Gal+ recombinants and lysogenic zygotes which produced phage particles of

the donor type upon induction, the agitated nixture was diluted 100- to 1000-fold

in Penassay broth containing 100 ng per ml of streptcmiycin and anti-Asemm (K=1),

and incul)ated at 360C. At intervals thereafter porticms of the diluted mixture

were withdrawn, diluted, and plated on EMB galactose agar containing streptonycin

when Gal+ recombinants were selected. Or they were heated at 47.SOC for 10 min and

after dilution plated on A-agar with melted soft agar containing selective indica-

tor bacteria and strept(mtycin when the number of zygotes which produced phage par-

ticles of the donor type upon inducti(m were exarnined.

5



                                RESULTS

     I. Recipient ability of various rec' strains.

     In the experintents to be described in this section and the following sections

the donor strains used were sup': an Hfr strain carrying )incltssusE4 and an F'

strain carrying thcltssusAll on the episorne. The recipient strains were all sup"

and lysogenic for Aclts. The A phage carried by the donorst could grow only in zy-

gotes xpon induction. Ihe indicator strain was a derivative of CR63 which is sxp'

and resistant to wild-type Abut sensitive to th. (tnly the X phage transferred frorn

the donor could gr(rw on the indicator strain. By measuring the number of zygotes

which produced phage particles of the donor type th) up(m induction, the activity

of prqphage in zygotes transferred from the donor could be exa:nined.

     The donor strains were mated with various recipient strains for 40 min. The '•

number of zygotes which produced phag6 particles of the donor type upon indnction

                                                                                 'was then measured, and the frequency per donor for each cross was calculated. The

values in Table 1-B are shown as the ratio of the frequency per donor obtained in

the mating of the donor with each rec' recipient to that with a Rec' recipient.

The' al)ilities of the recB and recBrecC strains were ahmst as great as that of

the Rec+ strain, while the abilities of the other strains were 1ower. The strain

with the 1owest ability was the recArecB+recC+ strain. Transfer of X prophage seems

to have occurred normally to these rec- strains, because zygotic induction and F'

merodiploid formati6n have been shcwn to occur at similar frequencies in Rec+ and

                     t1various' rec-  strains. Though transfer of A prcrphage to the recA recipient seerns to

have occurred 'almost normally (Table 1-A and C), the ability of the recA recipient

tp form zygotes which could produce phage particles of the donor type was very 1ow.

Similar results were obtained with other recA recipients carrying recAl (Clark and

Margulies 1965), recA13 or recA42 (Ogawa, Shimqda and Tamizawa 1968) mutation. The

chserved 1ow ability is partially due to 1ow ef giciency of induction with heat or .

rapid  mect l.vation of tramsfelTed fragnents before and during heat treatment.

                                      h



     II. Inactivation of transferred fragnents of the Hfr chromosome in

various rec' recipients.

     The change with tin}e after interrttption of 40 rnin mating in nuniber of zygotes

which produced phage particles of the d(mor type xpon induction was then examined.

lhe results chtained frorn crosses of theHfr stra,in with various recipient strains

are shmm in Figure 1. The nurriber of zygotes which produced phage particles of the

donor type upon induction decreased gradually during the postconjugation period at

similar rates in all rec' recipiepts exceptt AherecA recipient, and in 120 min it

reached a level, 10g to 40g of that at interrupti(m of mating. It decreased very

rapidly in the case o{t AherecA recipient. Sinilar results were obtained from exper-

iments in which other recA recipients carrying recAl, recA13, or recA42 mutation

were used. The number was almost canstant at least during IZO min postc(mjugation
        the         A Rec" recipient. The total number of recipient cells increased fromperiod in

the start of mating, with a lag at the beginning, in all the recipient strains.

The initial slow rate of growth of recipient cells was also observed when unmated
                                                                                 l
recipient cells were treated in the same way. wtien'  theF' strain was used as a do-

nor, the nung)er of zygotes which produced phage particles of the donor type upon

indnction increased with time in all crosses, including Rec+ and various rec' Te-

cipients, as the total number of' recipient cells incTeased (Figure 2). Transferrefl

F' factors seem to have been protected against inactivation and to have nraltiplied

autonomously. We coclude frorn the above results that transferred fragments of the

gll,:.l;or,".03Cme,..IIIII:,P,l"l.ilti",,a:;d.W,'81h,llil.l:,,i ,iY.gOteS'. "ery T,apidiy in a:fe2EecAE re- .

     III. Inactivati(m in. recA recipient.
                                                                     the
     the inactivation of transferred fragments of the urr chromosome inA                                                                         recA re-

cipient could occur either before and after or only after intermption of mating.

If transfer of the Hfr chr(mK)scmne to a recA recipient 'occurre,d at the rate meas-
                                                 /1
ured by zygotic induction and if inactivation occurred simultaneously with trans;'
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fer at the rate measured after interruption of mating, the nuniber of zygotes which

produced phage particles of the donor type rrpon inducticm is expected to increase

soori after transfer of prophage begins, since more prephage are e)cpected to be

transferred than inactivated per unit tirne. Later, as the nuniber of prophage trans-

ferred per unit tinre decreases, the number of phage-producing zygotes is expected

to reach a maxtimm. The rate of decrease of the number of phage-producing zygotes

is then expected to approach that of prephage inactivation.

     Ihe kinetics of transfer of prophage was exanined by zygotic inducticm in an

interrmpted mating of a lysogenic Hfr donor with a nonlysogenic recA recipient

(the open triangles in Figure 3). The rate of transfer of prcrphagewas about 5 X

105 phage-producing zygotes per ml formed per min and transfer st(rpped about 100

min after the beginning of mating. The change in nuniber of zygotes which produced

phage particles of the donor type upon induction was sirnultaneously examined in

an interrtrpted mating of the same lysogenic Hfr donor and a lysogenic recA recip-

ient (the qpen circles inFigure 3). The number of phage-producing zygotes in 10
                                                                              t
min incubation after interruption of mating was also examined (the filled circles

in Figure 3). Ihe fraction of the transferred pr(rphage which escaped frtm inacti-

vation in 10 min incubation after inetrruption of mating was about 115.

     Froni the rate of transfer and the rate of inactivation of prephage, the ex-

pected, maxi'mm number of zygotes which produced phage particles of the donor type

upon induction can be approximately calculated on the above assumpticms and is

about 3 X 106 per ml. Although the experimental result shows a maximm, the ob-

served value (1.S X 107 per ml) is much higher than the expected one. Transfer of

pr(rphage from the"Hfr donor stepped about 100 min after the beginning of mating.

If inactivation ef prephage occurred simaltaneously with transfer, the rate of de-

crease of the nmber of phage-producing zygotes without interruption of mating

should be similar to that after interruption of mating. But the chserved decrease '
                                               ' r;
                                                 ,without interrtrption of mating from the 100 ndn point to 120 min point in Figure

                                     s
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 3 is much sma11er than that after interruption of rnating. It can be concluded that

the inactivation before interruption of rnating did not occur at as high a rate as

that after interrtrption of mating. Observed 1ower number of phage-producing zy-

gotes in the cross with the lysogenic recA recipient as compared with the number

of phage-producing zygotes as measured by zygotic indnction may be due to sponta-

neous interruption of mating, followed by inactivation of pr(rphage.

     IV. Inactivation in Rec+ recipient.

                                                            '     The inactivation of chrcmiosornal fragments transferred from theHfr donor seerns

not to have occurred' inthAeRec" recipient (Figure 1). But apossibility exist that '

the increase in number of infective centers caused by recombination, that is, in-

tegration into and increase with the recipient chromoscmie of the X prephage on a

transferred fragment of the Hfr chrornosme, may have ccmpensated for the decrbase

in number of infective centers due to inactivation of the X prophage on a trans-

ferred fragent of the Hfr chrcilnosme. To exainine the putative decrease in number

of zygotes which produced phage particles of the donor type xpon induction in a

Rec" recipient, the following experiments were perfomed.

 '
     In the experirnent to be described below, the Hfr strain used was sup' and

lysogenic for MicltssusAll. The Rec' recipient strain used was also EsER' and ly-

sogenic for AcltssusBlsusRS. The selective indicator stratn was CR63. Differing '

from the experiments in the preceding secticms, zygotes can produce phage parti- •L:

cles xponinduction cmly when they carry both the susA and susBsusR rnutants or the

wild-type Sus' reccmbinants. But formation of the wild-type recombinant on the

recipient ' chrcrmoscme is expected to be strongly sirppressed, as these three sus

mutaticms are situated. close to each other and in the order susRS-susAll-susBl on

the prephage map of N

                                ' the                                             A Rec" strain is shown in Figure    lhe result of a cross of theHfr strain with

4. The total number of reeipient ce11s increased front the start of mating with a

slight lage.T.?ie !Lt!TibgrL.gf zxg.o-tes wbich produce.d ptiage particles ofn-th.eLS!g.-por Df.pg-

     '
U :, ,;.•:• 't l;lt ,1 }<: tl Ji r-,1 i. ,lc's(J v• :, 1:,C f. 1• .[i r;; "i}: " 1' 7 a i. t; ,.., f i. r, t' c!.T- l" vu !)S+i c" k) 1' iO :•ll' ;,1's mci, 't` ';, sl E': .i lrl ri 'J 't:r'l t.' V' :• {. 1•

''t  -t-ttt tt --t+ t-t #- "-' tt '--- -t n-.. -- +sc i .-. t - -t-.T..- t.t-- .t -"-t --t t.

      '



upon induction decreased gradua11y after interrtrption of 40 ininmating andreached

in a period of about four gonerations its nininmun value of 30g of the original

value at interruption of mating. Thereafter it increased, with a slight lag, at .

the sam rate as the number of total reCipient cells. The chango in nuniber of Gal+

recombinants in the same cross is also shown in Figure 4, and it is essentially

similar to that of Lac" recombinahts (T(mtizawa 1960) and Gal' recombinants (Jacob

and Wollman 1961). As only the nuruber of stable Gal" recombinants was rneasured,

it is qulte natural that there'is no decrease in nuniber of Gal" recanibinants. Es-

sentially similar results were obtained frorn experiments of the sam type in which

phage T6 was added to the mating mixture at a high multiplicity of infection to

elininate donor cells c(mpletely at the time of interruption of rnating. We con-

clude that transferred fragn)ents of the Hfr chromosome in zygotes were gradually

inactivated with time even in a koc' recipient.

10



                        DISCUSSIov

     It was shcrwn that the number of zygotes which produced phage parti-

cles resulting from the A prophage on transferred fragments of the Hfr

chromosome upon induction gradually decreased with time after interrup-

tion of mating. When an F' strain was used as a donor, no such decrease

was observed. The result was similar to those reported by Dubnau and

Maas(1969) who studied the expression of newly transferred lacZ'genes

in lacZ recipients carrying various mutations in the recA and recB genes.

    We interpret our results as follows. The Hfr I)NA was transferred

as a single strand and its complernentary strand was synthesized rapidly

in the recipient (Cohen, Fisher, Curtiss, and Adier 1968; Ohki and Tond-

zewa 1968; Rirpp and Ihler 1968). the Tesulting doul)le-stranded fragments

of the Hfr chromosorne participated in genetic recombination in zygotes

carrying recA+ genes, and they were inactivated with tirne in zygotes ir-

respective of rec genotypes. The rate of inactivation is very high in a

recA recipient. Ihis rapid inactivation caused by a recA mutation was

mostly prevented by a recB or recC mutation. This relation between a

recA !nutation.and a recB or recC mutation is qulte similar to those

with regard to uv-induced or spontaneous DNA breakdcwn,(Willetts and

Clark 1969), and to the ability to strpport growth of Afec- (Signer 1971; N

Zissler, Signer, arid Schaefer 1971). It seems, therefore, that the wild-

type recB and recC productS give rise to rapid inactivation of transfer-

red fragments of the Hfr chromoscme in zygotes, and that in a Rec' recip-

ient, the wild-type recA product prevents this rapid inactivation. [hough
                               'r'
the observed inactivation could be duc either to,physical destruction of

transferred fragnunts or to inhibition of their functional activity, the

                                                                 '                                                                '
                                                              '
                                                            '                                 ll '



above interpretation suggests that the inactivati(m may be due to physi-

cal destruction, at least in a recA recipient. The inactivation in a rec-

A- recipient seems to occur only after interrtrptien of mating. lhe wild-

type recB and recC products may rapidly inactivate transferred fragments

of the Hfr chrornosorte acting at their distal ends created by mechanical

breakage, and the wild-type recA product may protect the distal ends from

this action of the wild-type recB and recC products. Ihe mechanism of

imctioning of the TecA product whose absence leads to several pleiotro-

                                      'pic effects is as yet unkrlcwn.

                            '     The nature of inactivation in a Rec+ stratn and rec- strains other

than a recA strain is obscure. 'Ihe inactivation in a Rec+ strain may

have been residual one by the wild-type recB and recC prodncts escaped -

from the inhibitory action of the wild-type recA product. The inactiva-

tion in a Rec+ stratn and rec" stratns other than recA strain may have

been the consequence of some erroneous recombination events. Or the in-

activation may have been dne to a cause not related to rec genes, such

as general exclusion of exogenous DNA by a certain deoxyribonucleolytic

function, since there exist several endonuc' leases and exonucleases in E.
                                                                  -
coli ce11s, though their Lt vive functions are as yet unknown.

     The result obtained with a Rec+ recipient showed that transferred

fragents of the Hfr chromosorne in Rec" zygotes were gradually inacti".

vated with .time after interruption of mating. This does not conflict

with the results reported by Lederberg (1957) and Toniizawa (1960). who

shdwed that segregations of geneticatly pure recombinants occurred

chiefly within four generaticms after the entrance of the genetic mark-

ers scoTed, and the re' peated recombinati(ms were rare events. It may be

quite natural that no report of 'abortive conjugecion'(Dubnau and Maas

             '                                              '                                                                  '
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1969), unilinear inheritance of transferred fragTnents of the Hfr chromo-

some.in zygotes, has ever appeared in the literature, as ipactivation of'

transferred fragnents of the Hfr chromosome in zygotes seems to be a

good enough reason for the al)sence of 'abortive conjugationt.

     Transferred F' factors may be protgcted against inactivation by

foming a circular structure, while transferred fragnients of the Hfr

chromosome are linear. Or F' factors may be situated in special sites in

the bacterial ce11, which are inaccessible to inactivation. But not al1

transferred F' factors seem to be stal)le in these rec' recipients as the

frequencies of F' meTodiploid fonnation measured by selecting Gal" off--

                     '                                                                        'spring (data not shcrwn) were 1over than the frequencies of 'transfer of

F' factors measured by zygotic induction.

     rn contrast with the negative results by Hertman and Luria (1967)

and Dubnau ahd Maas (1969), abortive transdnction by phage Pl has been

Tevealed in our,laboratory to occur in recA and recB'stratns as well as

in Rec" strains (Tomizawa and Ogawa 1968; Yamto and Tonrizawa, unpub`

lished results). The discrepancy may be due to the bacterial strains, ..

genetica1 markers and experimental techniques used. We believe that chro-

rnosornal fragnRnts introduced by phago Pl ftmction properly in recA and

recB recipients, even when they are not integrated into the host chroino-

smes. Again we do not know why they are prbtected against inactivation.,
                                                                        ;
    There {till remain to be consideredsomepossible explanations for '

the observed decrease in nuniber of zygotes which prodnced phage particles

of the donor type mpon induction. Ihe decrease may have been due to (1)

loss of ability of zygotes to'  produce phage particles, or (2) loss of a-

                                                                     'bility of zygotes to synthesize protein in general, or (3) death of zy-

gotes, or (4).spontaneous lethal sectoring ptacther 1968,) of whole ree

                                     '
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cipient cells including zygotes of various Tec' stratns. So far these.

explanations cannot be ceinpletely ruled out except in the case of a rec-

A recipient.

     An experiment of the same type as shcrm in Figure 1 was perfomed,

in which the Hfr donor and recA recipient cells were mixed in a ratio of

one to one. Since ahighproporticm of recipient cells became zygotes un-

der this condition, ope iptght expect that the ability to produce phage

particles upcm induction (expected from explanations 1, 2 and 3) or the

number and the growth rate (expected fmm explanations 2 and 3) of whole

recipient cells in the mating mixture, as corrpared with those of unmated

recipient cells, would be greatly affected and reduced in the case of

the recA recipient in which the decrease was very rapid. But the obser-

vation was not as such (data not shown). Furthennore the decrease in the

recA reeipient was too rapid to be accounted for by spontaneous lethal

sectoring, since the frequency of spontaneous lethal sector formation

roughly predicted from the rate of decrease of the phage-prodncing zyr.,

g' otes was too high for bacterial cells to survive and grow.

li-l•



                            SUMMARY

     The change in activity of transferred fragments of the Hfr chromosome or

F' factors in recipients which are lysogenic for Ah+ and carry a nTutaticm or mut-

ations in any one or two of three rec genes----recA,redi, and recC----was exarnined

by measuring the number of zygotes which, upon induction, produced phage particles

resulting from the prephage (X!1) transferred from the donor. When the donor was

an Hfr strain, the number decreased with time very rapidly in a recA recipient,

and dacreased gradually in recB, reec, recBrecC, recArecB, and vecArecC recipients.

Gradual decrease was observed even in a Rec+ strain. But no decrease was observed

when the donor was an F' strain. We conclnde that the functioning of transferred

fragnents of the Hfr chromos(mx) is progressively inactivated in zygotes, very

rapidly in a recA recipient, and gradually in other recipients. In a Rec' recip-

ient, the recA+ product seems to inhibit inactivaticm of transferred fragments of

the Hfr chromosome deteTmined by the recB" and recC" products. Gradual inactiva-

tion oftransferred fragents of the Hfr chrcmosorne in a Rec' zygotes seems to be

a gcod enough reason for the absence of'abortive conjugaticm:

ls
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       Table 1. Recipient

Recipient benotype
  straiii recA recB

ability of various rec- strains

                Donor strain

recC

A

Hfr

B A

F,

B c

                                                                 '

ABI157 +•+ + 1 1 1 1 1                                             'ABI157-A 41 + + 1/4                                         1/20                                                       i/20 1/2                                                  .1
             '           'AB2470 +, 21 + 2/3 1
JC5474 • + + 22 115 115
AB2470-A 41 21 + 115 114
JC5474-A 41 + 22 118 1!S
AB2470-C + 21 22 213 '1
  ' The values are•shcwn as the ratio ot the frequency per donor obtained with

each rec' recipient in 40 minutes' mating to that with a Rec' recipient. (A) The

ability of a recA recipient to produce phage particles by zygotic induction in a

cross with W3020(X) or W3350 F'(X). (B) lhe ability of various rec' recipients

carrying Xclts to form zygotes which produced phage particles of the donor type

                                             'mpcm induction in crosses with W3020C.A.c.-....--.-.ItssusE4) or W3350 F'(thcltssusAll). (C)

The ability of a recA Tecipient carryip,g Aclts to form gal"!g2at,1" merodiploids ,in

a cross with W3350 F'(AcltssusAll).

Lq



                      FIGURE LJilGEND

     Figure 1----Change in relative nuniber of zygotes which produced, upon

induction, phage particles derived from the ,Ah prophage carried by the donor
                                            -
as a function of • time after interrtrption of 40 Tninutes' mating with an

Hfr strain.

     Strains used were as described in Table 1(B). After vigorous agitation,

the mating mixture was diluted one hundred- to one thcusand-fold in Penassay

broth containing streptoTnycin and incubated at 36eC. At intervals portions of

the diluted mixture were withdrawn, heat-indnced and plated. o recA41; '

e recB21; A recC22; A recA41recB21; o recA41recC22; M recB21recC22; x Rec".

' Figure 2•-•---Change in relative nuniber of zygotes which produced, xpon

induction, phage particles derived from the Ah prqphage carried by the donor

as a function of4time after interrurption of 40 ninutes' mating with an F'

    .straln.

     Strains used were as described in Table 1(B). Experimental procedures

were as described in Figure 1.

                             '                            '
  ' Figure 3----Change in number of zygotes which produced phage particles of

the donor type trpon induction in a prolonged rnating of W3020(AhcltssusAll)

with AB2463(Aclts). .
     At a given tirne, a portion of the rnating nixture was withdrawn, agitated":

vigorously; hetit-induction and plating were perforrned beforg (o) and after (e)'

10 minutes' incubation at 360C. A zygotic induction (A) in a cross of W3020(X)

with AB2463 resistant to X is also shown.
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     Figure 4----Change in relative nmber of Gal' reconibinants and zygotes

which produced phage particles of the donor type upon induction as a function

of time after interruption of 40 minutes' mating with an Hfr strain.

     The donor strain used was W3020(AhcltssusAll). The recipient strain used

was 594(AcltssusBlsusR5) tsxr. Experimental procedures were as described in

Figure 1. Gal+ recombinants were alse selected on EMB agar plates sxpplemented

with galactose and streptonbrcin. o zygotes which produced phago particles -6f

the donor type upon induction; e Gal' recombinants.

Ll



t .tsvSsN .

F't' s"re 1

co
o.i--,
oCJ)

>N
m,E .
o="o
o"at
pt
o)
ra

,.s :

a
-.•o
-o.nE
==

O 10 20 40 80 • 120

1

Oe3

O.1

m•>-
.i-N,

"'"""

oec

O.O3

f"

ti

t ' SN

j

Rec+

recC

recArecC
recB
tecBrecC

•, recArecB

recA

e 18
  i
  : Mi.p-yle.s. e!ler 1,p!gru'pti.gp-.q.!pa-!1,ng .-di-J mH I

t
'

22



, s ,N'i -r

Fr3"re Z

 ca
 en
. ' -- N9c.:D

.iEig.' ,.,Ell,i

=.o-
.g.g,

."- CDNN5"=ec a'

10

3

,: 1

X

 recC,EECill

recB

Rec+

recA

• recBrecC

recArecB

o

, Minutes after interruption of mating --- i'

23.



Fi7"r'e 3E ,gi-,s,

4

A••?)

':E'

-3
"iii:

-•oa
ca
co

."..i,

oc s)

>N
c s)

=t --o=e' C ;

oi-.-.
a I
oc s)

ru
,s

C l,,

,-i-.,.

o

2i

M.
e2S

E '-

=z

1

o

e

/-

i$

Å~
N
e

'

••  b

s
s
s

 s s s  ,  o

C"LvX' ,V

,
,
,
"
,
t

 ,
:1

 t " , ,
,
,

o

,s
s

 ,
 ,
 t s .s '•
  ,  o

v

o
I'l,
l
1•
l•

i"Ni•>.,g,

,i '"c..

20+.-.. 40.-- 60 --80
Minutes after mating

.---  t..  -----  .z"-=-':-V'- 7'; I''- '

-""+100 i.--i•.120



T-i?"re 4-

l Cl)

 '- e 1.gN 10
 l• nt c,t) t----.

 e-' tu • 1' C:Nl"' i•o o1 .
 ocn•l O >i -N, '+ -'es)
 'ra.Eli i
 IC)V1

k '  i.g-' = 1
;' O'VJl. •Oli• " N...I'. O ni
l .S? si
l, ,t .t`:':i: imilll 1-1i

•i a)U.i
V.iiiir ti , •
i .'.lilil,e. c=vi'

  r•l---.,Sili , .

   I• e.31•

' -' •s

•i•.-O.."j . 60 120 i180
  Mmutes after interruption of mati'ng

i24, O. `

25


