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DRA ieolated from Cbolerephage pi49 of Group IV was lnfectiew when 
mired with c-pet-t 1. oholerae cells. Ihe celle were coepetent during da-log 
phase of growth. !fbe Infectivity of phago DRA was destroyed by deoxyrib~uolemee 
but not by ribonuoleare or pronaee. About 5 n&in is squired for the eetabliehwnt 
of the DRase resistant state. The doae reeponm aurve for tranafectlon suggested 
that 2 to 3 ~oleaules of Dlllll are required to produce one inftitions center. An 
infectivity of 5 x lo4 Infections center per pg of DRA was obtained. 

Lack of editable defined growth medium and of demoaetzable genetlo 

exchange eyetcmra hare frustrated etudies on biology of Vibrio oholerae, a highly 

pathogenic &ran-negative hacteriw (1). ‘Ibe we of non-genetio phenotyplc mkers 

have greatly hampered work on genetice of this organia (2). Genetic anal~ds of 

1. cholerae hats, mo far, been rwtrlcted to conjugation (3) and attempt6 to 

dawn&rate tranaformtion have not yet been mweasful. 

!&anefectim (4), defined as infeatioo of cells b;r ieobted maeleie 

aoid frcnn viruses resulting In the produation of eeture vlrueee, has been reported 

for several bacteriel and animal virae eyetre (5-g). Thir phenaeacm can be 

considered ae a rirpllfied model of bacterial traneforrstion. Esoh tranafaofion 

egetg examined has ite own aharaoterietic features and for proper evaluation of 

this model, the reeog&tion of these feature6 ie seeenatiel (10). 

We report in thie paper a lxanafectian eyetca in I- oholerae by DRA 

laolated fro8 a Group IV Cholera phage, pl49- Phegee infecting fi oholeraq have 
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been leolated and eerologically (11) and morphologically (12) classified into 

four grotape. Group IV phagee are of 8peoial interest a8 these phag88 are routinely 

ueed in differentiating 1. oholerae from x. el tar (13). The data presented here 

show that isolated phase DNA is infectioue when m3xed with competent cells. 

MATRRIALS AND MRTffODS 

Baoteria and phase I VU&o cholerae Og 1% obtained fYom (2lolera Research Center, 
Cslcntta, India, sa8 used for phage propagation and a8 an indicator strain In these 
studie8. pa Cholerae strain8 Rl and R3, the two phage reelstant mutants of p. cholerae 
In 569B ware kindly provided by Dr. A.R. Chatterjee, Dose Institute, Calcutta, India. 
v. el tor 620, va8 obtained from Cholera Research Center, Calcutta, India. -- 

Choleraphage P, 149 of Group XV (11) obtained f\rom Cholera Research Center, 
Calcutta, India, was used In all of theee studlea. 

M8dia and buffer : The bacteria and phagee were Cultivated using nutrient broth 
aantainingl par cent Oxoid Bactapeptone , 1 pep cent Oxoid “Lab LBBco” and 0.5 per 
cent HaCl. !l%e pH of the medium raa adjusted to 7.5. Cell8 and viruses vere a88ayed 
a8 Colony forming units (CFR) and plaque forming unit8 (PFU) respectively on 
nutrient egar plate8 containing 2 per cent Difco bscto-agar in nutrient broth. 

lbe Tris-HCl-Hg buffer (pE 7.4) was 50 a&l Tria cont8ining 5 a&it l&Cl . 
‘l’rie-EM’A-& buffer (pH 7.4) ma ‘pris-Ha-ti& buffer Uonteining i ir& BDTA. SO df UIU- 
seline-citrate (SSC) used in DRA extraction wae 0.15 M NaCl end 0.015 I eodium 
citrate. 

Preparation of phage8 : The phage /b 149 was propagated on 1. cholerae Og 1% lams. 
Phage8 were rashed off the agar plate8 with ‘&is-HCl-Mg buffer. The suepension wa8 
centrifuged at 12,000 g for 10 mln in a Sorvall RC-PB centrifuge to remove cell 
debris. The supernatant wa8 oentrifuged for 1 hr at 100,000 g in a Beakman ldodel 
~5-65 centrifuge. The pellet wae resP8pended in Tris-HCL-Mg buff-. 

Rxtractlon of phase DNA I Phage DRA nae ieolated by phenol extraction following the 
method of Thomae and Abeleon (14). The phage snspeneion WEIS mixed with an equal volume 
of phenol saturated with Tcia-HCZ-& buffer. Eixing sa8 done by gently rolling the 
suspension and viQrou8 pipetting was avoided in all etepe. The emuleion was centri- 
fuged at 5,000 g for 5 min and aqueoue phase maa removed. ‘Ihe phenol phase use re-ex- 
traoted twice and aqueoue layers were pooled. The aqueoue phase wa8 extensively 
dialyzed against l!rie-ROTA-Mg buff= and aubeequently againat SSC. DNA 188 precipitated 
by adding 2 volume8 of ethanol and the precipitate ~a8 reeuappded in SSC. The DRA 
solution we8 extensively dialfled againet SSC and stored at 4 C. DRA concentration was 
determlned_,from the absorbance at 260 nm using anobsorbancy per mole of nuclectlde of 
6,000 om . The ratio of the abeorbancy at 260 nm to 280 nm for the DNA used in these 
studies -8 1.7. 

I?ransfecticn a88aJl : Phage DRA we8 tlixed with competent cells (3 hr old Culture) 
and incubated for w min at ?$c* The infectious center8 were a88ayed using soft 
agar overlay method (15) l 

Ehsymatic treatment of &age DRA : Bovine pancreatic deoxyribonucleaee 1 (DNase), 
bovine pancreatic ribaoucleese (&se) and pronaee were obtained from Sigm8 Chemical 
co. , St; Louis, I&J. D%aee was diseolved in Wis-Hcl-llkg buffer and RTlaee end pronaae 
eOlUtim8 were mede in !l!ris-E?ITA-Ng buffer. All reaction8 were carried out for 
15 min at 37OC. 
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RESULTS 

Identification of the infective agent : 

DNA iaolated from $3149 ‘Ia8 teated for infectivity by mixiug with log-phase 

culture of x. cholerae Og 1% and was found to produce plaque-forming units when 

aeeayed by soft agar overlay method a8 described in I&teriale and Methods. ‘PO rule 

out the possibility of infeation by surviving phage contaminants or by partially 

degraded phage, the infective agent rae treated with DNaee, FlIVaee and pronaee. While 

the ttansfecting agent wae totally ineenaitive to R&we and pronaee treatment, 

infectivity was completely lost by treatment with 50 w DHase per al for 15 min 

(Table 1). Treatment with 10 pg DNaee reduced the tranefecting activity by about 85 

per cent. Three cycles of freezing and thawing of the infeotive agent reduced the 

tzansfecting ability by more then 90 per cent. Intact phagea nnder eimilar condition 

lose only 15 per cent of infectivity (Dae, J . , unpublished data). sleariug of the 

infective agent ale0 reduoed the lxanefeotiug aotivity. 

'I%ble 1 : Effect of various treatments on the infectivity of 8149 DNA. 

Treatmeat 
Percentage activity 

remaining 

None 100 

DNase (10 )&ml, 15 mint 37') 15 

DIIase (50 dm.lt 15 min, 37') 0 

RNase (1 mg/ml, 15 mint 37') 106 

Pronase (1 Il$mlt 15 tin9 370) 126 

Freezing and thawing (1 @cle) 56 

!'reezing and thawing (2 Cycle) 11 

Reesing and thawing (3 Cycle) 4.2 

Vortex (1 min) 63 

bll assays were osrried out at a DNA concentration of 6 &ml. 
Three hour old culture grown as described in bfaterials and Methods was 
need for Infection and the number of plaque forming unite (PPU) was 
taken as the memure of activity. Uith no treatment the infectious csnter 
titer was 2.4 x lo4 PFQkl . 
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TIMEthr) 

1 Fig. : Efficiency of formation of infectious centers by 5 cholerae 
Og 154 cells of different ages infected with 0149 (n)or 

p14Y DNA ( l ). The cell growth was assayed ae CPo/ml ( 0 ). 
At Intervals during cell growth samples were removed and 
infected with either ,0149 at a multiplicity of Infection 
(p1.o.i) of 0.1 or with pl49 DNA at a final concentration of 
6 &ml. Five minutes for phage and 30 minutea for phage DNA 
were allowed for adsorption. Phage infected samples were 
centrifuged at Sow g for 5 min to remove unadsorbed viruses 
and the pellet assayed for PFdml. Samples Infected with phage 
DNA were treated with 20 &ml DNase for 5 min at 37'C and 
assayed for PFU/ml. PFU at each time is expressed as the 
per cent of the maximum PFU/ml. 

Dependence of tranefection on age of the culture : 

To examine whether cells of different ages can be tranefected by phage DNA 

with equal efficiency, infective centers were assayed by mixing 8149 DNA with cella 

at various times during growth. Cells in mid-log phase of growth were most oompetent 

for infection by phage DNA (pig. 1). Under the present experimental condition8 cells 

during 2.5 to 3.5 hr of growth were considered competent and in all subsequent experi- 

me&s 3 hr old cultures were used for transfection. For comparison, dependence of 

infection by intact phases on the age of culture was examined and no change in the 

number of infective centers was observed for cells 1 to 4 hr old (pig. 1). 

Prodnation of phage by 8149 DNA infeoted celle : 

One step granth ourme obtained by phase and phage DNA infeotion are 

shorn in Fig. 2. Bfection by DNA has a latent period of about 20 miin compered to 

5 min latent period for infection by intact phage. '&is may be due to the faot that 
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0 2 
TIME (mln) 

Fig. 2 : One step growth curve obtained by 8149 ( 0 ) and PI49 DNA 
( 0 ) infection. Competent cells of 1. cholerae Og 1% were 
infected either with phage or phage DNA. ‘Pa minutee at 37*C 
wee allowed for edeorption. Infection by DNA raa terminated 
by 25 &ml DNaae. Phage or DNA infected cells were centrifuged 
at 5000 g for 5 min. The pellets were reauepglded in prewarmed 
nutrient broth (1 2 10 dilution). At different timee during 
incubation at 37'C samples were removed and assayed for PFU. 

Kinetice of infection by p149 DNA. Phage DNA (6 )I&/pil) was 
added to competent 1. cholerae Og 154 cells and at different 
timee during infection aamples were removed. One part of the 
sample wee immediately assayed for PFU (data not shorn) and 
the o&her part was treated with 543 j&g DNaee per ml for 15 mln 
at 37 C and thus assayed for PFU (0 ). The fraction of 
infectious centers resistant to DNase wae calculated fr- the 
Dkee treated and untreated PFU/ml at each time ( 0 ). 

phf3@8 ad8orption Is BIC@B rapid than the Dl?A uptake by ooPpetent celle. The nature of 

the growth cur~e8 obtained by phage or phage DNA ere similar. Phagee produced by DEA 

InfeOtlon were examined and fotd to have the came properties a8 pl4% A phage 

re8i8tad mutant of fi oholerae, Strain 81, unable to adsorb $9149 =8 fauna to be 

88neitiv8 to phago DEA. Strain Fd was resistant to phages pro&Ned by txansfection 

in this &rain. m examine whether the inability of p= el tar, to 8-e ae hoet for 

Group IV oholeraphage 18 an adeorptian problem, the cell8 at log-phae growth were 
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01 IO IO 100 

DNA CONCENTRATION (pg/mll 

Fig. 4 I Effect of DNA concentrationgon infectious center formation. 
DNA was added to 2.5 x 10 competent & cholerae Og 1% 
cells per ml and incubated at 37'C for 20 mine. At the end 
of this period 50 p DFlaee per ml wae added to terminate 
the reaction and after 10 min assayed for PFU. 

mixed with 50 pg 9149 ISNA per d and assayed for PFU. No infsctious centers 

were obsarrped. 

Kinetics of infeotiou by 9149 DrOB : 

6 w (6149 DNA per ml was added to the competent cells and at interPals 

assayed for DNase resistant infectious centers (Fig. 3). At each time, the percentage 

of DNase resistant transfectants was Calculated. About 5 min is required for the 

establishment of the DNase resistant state in 1. oholerae transfection system 

(pig. 3). 50 per cent of the infectious centers achieve DNase resistance within 

15 min of the appearance of the first DNase resistant cell. 

Depcndenoe of Infective oentars an DNA concentration : 

The dose-response curve is an important abaracteristic of transformation 

and txanefection systeme(l6). Varies concentrations of 8149 DNA were added to 

2 x lo8 competent cells and after 20 min at 3V°C assayed for PFU. The dose-response 

curve (E+ig. 4) sas linear between Dl?A cmceutration 0.5 to 6 pg. At higher concen- 
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traticne the number of infective center8 stopped increaeing linearly and 8aturation 

i8 reached at about 50 ug DNA per ml. The slope of the linear part of the log-log 

plot -8 2.4 . Hence the number of tranefectanta i8 proportional to second 

or third paver of the DNA ccncentratiim. 

DISCUSSDDB 

The data presented her8 8hov transfsction of & cholerae by 

oholeraphage p?49 DNA. From the saturation value of PFu/sil (4 x 105) and the 

corresponding doee (6 &ml) (fig. 4)~ the amount of DNA required to make one 

infectious center was found to be 1.7 x 10m5 pg. AsSUing the molecular weight of 

p149 DNA as 36 x lo6 (17), the number of viral DNA equivalent per PFU aomee to 

about 106. This value is comparable to those reported for other ejstems (18 - 20). 

The low efficiency of transfection is meetly due to the low percentage of competent 

cells (less than 5 per cent, in the present study, ae estimated from the ratio of 

the number of infected center8 at sEturat+itX of the doee-reaponee curve to the 

input number of cells) and partly due to damage to the viral DNA during ieolation 

or during etorage. Studies to improve the efficiency of trenefection are in proQre88. 

Although transforeation and transfection pray share only a few of the 

common steps, demonstratlcn of tranefection in 1. cholerae by phage DNA might help 

studi involving DNA mediated transformation in this eystem. 

We wish to thank the membbers of the Riophysic Division for their 
help and encouragement. Ihi investigation vae supported by Council of Scientific 
and Industrial Researoh, Government of Indie. We riah to thank the Director for 
alloving one of us (M.B.) to use the facilities of the Institute. 
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