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phenethyl alcohol (FEA) has been employed as an inhibitor of DBU syn- 

thesis in order to elucidate the relationship between the synthssie of I8?A in 

Hfr etraina of Eecherichia coli and the transfer of chrcz~osappl markerr 

during conjugation (Bouck and Adelberg, 1963; and Jacob, Breanm, and Cuzln, 

1963). 

!&eick and Konetzka (1964) have shown recently that PEA inhibits the 

initiation of new cycles of IUU replication in ,E. but permits the ccm- 

pletlon of those cyclea initiated before addition of FEA to the medium. 

Therefore, cycles of BNA replication can be controlled by the addition, re- 

moval, and readditlon of PEA to a culture at specific tire intervals. 

Ihe relationship of the DNA replication cycle to the ability of the H& 

to transfer chrcmosmualmarkers constitutes the subject of this investigation. 

Materials and Methcds. Hfr strain AB259 ard F strain AB2102 were oL -- 

tained from Dr. E. A. Adelberg. lbe order of transfer of markers by strain 

AB259 la O-thr-leu-PO-lacegal-trp&----. --- It carries the marker E and is 

str-8 . Strain AB2102 carries the aarkars t&‘, &-, &, z’, a, gal’, 

x, s’, str-r, em, Em, and sm. 

+ lh5.a investigation was supported in part by a Public Health Service 
trainina; grant (No. 503) from the Institute of General Medical Sciences, 
Public Health Service and in part by a FHS research grant AI 05630-01~1 
frcm the National Imtitute of Allergy and Infections Diseases, Fubllc 
Health Service. 
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Cells were grown in a medium containing: KFi$O4, 13.6 g; (NH4)2SO4, 

2.0 gj CaC12JE20, 0.01 gj FeSO4,782O, 0.5 D?gj MgSO4.Vi20, 0.2 gj 

glucose, 2.0 gj thiamine, 10.0 mg; casein hydrolysate, 2.0 g; distilled 

water, one liter. For Ckthymidine labeking of the Hfr strain, unlabeled 

thymidine at 10 pg/ml, thymidin+2-Cu at 0.01 &nl, and deoxyadenosine 

(Boyce and Setlow, 1962) at 250 pg/ml, Final concentrations were included. 

Phenethyl alcoholuas used at a final concentration of 0.3U. 

AB259 and AB2102 were inoculated from nutrient agar slants into C4- 

t&u&dine-contairxLng medium and into unlabeled medium respectively axxi in- 

cubated for 16 br at 37~. Both cultures were diluted into fresh medium. 

!&e HEY culture was incubated until a cell concentration of 3.8 x lo8 cel&/ml 

was attained. FEA was added and the culture uas incubated for an additional 

2 hr. !ko P cultures were incubated so that a cell concentration of 4 x 108 

cells/ml was reached at the appropriate times for mating. 

The Hfr culturewas then filtered through anHAMillipore filter, washed 

oncewithnediumtithoutPE&, and resuspended inmediumuithout PEA. After 

20 lain incubation, PEA was again added to the culture. 

Matings were carried out by diluting a sample of the Hfr culture 1:lO 

into a sample of the F culture and incubating the mixture at 37C with gentle 

shaking. After 10 min or 20 min, in respective matings, the mixture was 

diluted 1:lOO into medium with or without PEA. Samples were taken at inter- 

vals, diluted in 0.85% KCl, agitated vigorously to separate the pairs, and 

plated for thr+ leu+ str-r and try+ str-r recombinants. Plates were incu- -s- -- 
bated at 37~ for 36 hr. 

-dine incorporation into strain AB259 was measured by taking samples 

at intervals, extracting for 30 min in cold 5% trichloroacetic acid, and 

filtering throughGSMill.ipore filters. The filters were glued to planchets 

for determining the radioactivity in a Nuclear-Chicago gas flaw counter with 

"Micromil" windou. 

FWu1ts. 2he two hour period of pretreatment of the Hfr with PFA has 

permitted DNA replication in all of the bacteria to reach the point vhere PEA 
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prevents 

place so 

any further DNA syntiesia. Prop zero time on, no DNA qmthesis takea 

long as the cells replain in F4U (Ngurel). 

I -420 
I I I I I 

-60 0 60 120 180 

Minutes 

Ng. 1. Control of DHAreplicationinEfr AB259 byphenethyl alcohol. Baa- 
taria in presence of WB throughmt the experiment, I- x. Bacteria in 
presence of FEA for 2 hr, EEA removed for 20 min, and PF,A added again, 
o- 0. 

At zero time, the cells are filtered and resuspended in medium without 

PE& The inhibitian is released and a new cycle of DNA replication is ti 

itiated. Twenty minutes' incubation before readdltion of PEA to the culture 

allows a danbling of the DHA as m~~nred by &-thy&dine incorporation 

(Ngurel). Ihe continued DNA synthesis after 20minrepresents thecomple- 

tion of the cycle of reputation initiated during the 20 ndn period in the 

absence of PEB (Trelck and Konetzka, 1964). 

Ihe control of DIVA synthesis in HfY cells by FEA allows an analysis of 

the role of DHA replication in the transfer of the Ef% chromosome during con- 

jugation. Samples are removed at zero and forty min from the Hfr culture 

undergoing the PEB-controlled replication cycle shown in Figare land (LTe 
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mated with F cells. 'l%e kinetics of transfer of the chromosomalmarkars 

aftermatingareshouninFigure2. 

A 

Fig. 2. Chromosome transfer during the DNA replication cycle. A. Kinetics 
of transfer when pair formation is concoaaitant with initiation of neu cycles 
of DNA replication. PEA is removed from PEA-inhibited Efr cells at time of 
mating and is added to thematiaglsirtnre20min later. B.Kinetics of 
transfer when pair formation is prior to initiation of nen cycles of DNA 
synthesis. Mating of PFGinbibited HB cells dtb Y occnrs in presence of 
PEA ard the inhibitor is removed after 10 min. Control--mating occurs in 
presence of pE;B and PEA is not removed. Zbr+ leu+, X a*** X; try+, 0 ---- 0. 

Hfr cells mated at zero time in the absence of FEA are capable of trans- 

ferring chromosomalmarkers as shownby thedatain part A of Figure 2. phe 

tm&te.r of cells transferring markers is llm5ted because the cells are di- 

luted into medium containing PEA at 20 min. However, the transfer of the 

'prs+ marker is not prevented by PEA although this marker does not begin to 

enter the F cells until 20 min after the readdition of EEA to the culture. 

PEA-inhibited FEY cells mated with the P strain in the presence of m 

can transfer their markers only when the inhibition is released by diluting 

into medium withcut PEA at 50 min as shown by the curves in part B of Ngure 

2. FINS, pair formation occurs in the 10 min period in the presence of PEA. 
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However, no transfer of markers is detected when the pairs z-main in EEA 

throughmt the entire period of sampling despite the fact that residual DNA 

synthesis is proceeding in them cells due to therelease oftheinhibition 

for 20 min. 'iheee findings show that a new cycle of DIUreplication cmmen- 

cing after pair formation, ati not IUA synthesis per se, is necemary for 

chrcalosome transfer. 

DisCU8i3i0n. Bouckand Adelberg (l963)proposed that transfer could take 

place onlyuhen the closed clrculpr chrommne opened at the ccmpletion of 

each cycle of DliA replication. According to this model, DNA synthesis oocur- 

ring after pair formation but before the initiation of tramsfez- permit8 the 

completion of replication Cycle8 80 that chrcmo8olnea reach the open state. 

Subsequent transfer is independent of DNA synthesis. 

'Ihe rep&on model of Jacob and Brenner (1963) states that the Hil chro- 

raosme a4 the integrated sex factor are replicated by the bacterialreplica- 

tion sptem. Jacob, Brenner, and Cuein (1963)suggeated that chrcmosaae 

transfer required concomitant replication of theHfr chrcm8crne so that one 

of the replica8 passed into the F cells as it was formed. 

Our result8 conflrm the suggestion that chromosome tranefez begins at a 

particular stage of the INAreplication cycle, namely, thebeginning of a new 

cycle of replication. Transfer can occur only under conditions permitting 

the initiation of new cycle8 of DNA replication. 'Ihe synthesis of m= 88 - 

is not a 8ufficient condition for chro~~osme transfer. DNA synthesis which 

constitutes the Completion ofreplication cycles previously initiated doe8 

not permit transfer to proceed. 

In a normally grouing culture, the Hfr cells willbe atvariaas stages 

in their replication cycles at the time of mixing with F cells. These cycle8 

will be completed, and as new cycles begin, transfer will be initiated. Con- 

sequently, DB3b replication is an integral part of the process of chromo8cme 

transfer. 

like reaalts obtained in this investigation are compatible with the repli- 
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con model and with the data of Jacob, Brenner, and Cuzin (1963) showing that 

DNA transferred Prom the Bfr to P cells is @marily DNA which is replicated 

after eng the strains. lhe direction of replication of the chromosome 

during transfar is thus the same as the direction of transfer, proceeding 

from the Origin to the sex factor. 
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