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Heating in aqueous. solutions degrades DNA in various waye. Marmur, 

Doty and oo-workers (1960a,b) shored that E-bonds break at or above the 

so-called melting temperature , thie resulting in partial or complete ae- 

paration of the strands. This melting out of DNA causes the nearly com- 

plete destruction of it0 transforming activity. Eigner and co-workers 

(1961) measured the hydrolysis rate of eingle-stranded DNA phosphate- 

dieeter bonds at several temperatures. They calculated a "half-life" 

of three hours for the DNA at 75 'C but they could not demonstrate any 

hydrolysis over a period of 20 hours at 57 l C in double-stranded DNA. 

We know from studier of degradation of transforming DNA by DNase that 

eingle-etranded breaks can cause the disappearance of its actiuity 

(Zenenhof and co-workera, 1953). Zamenhof and Greer (1956) reported 

that the heating of whole cells of Eecherichia ooli gave rise to large 

amounts of mutants among the survivors. They believed that the under- 

lying mechaniem was the eplitting off of purinee from the bacterial 

DNA (Greer and Zamenhof, 1959). 

These reports led ue to study whether the biologically observable 

destruction of three linked transforming markers by heat at relatively 

low temperatures was indicative of any of the above degradation meoh- 
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flniams. We especially wanted to find out whether sub-melting tempera- 

tures had any mutagenic effect in vitro on transforming DNA. 

EXPERIMENTAL - Straine, media and transformation techniques have been 

fully deaoribed (Stuy, 1961a,b). The wild type sensitive strain Rd of 

Haemophilus influenzae, obtained from Grace Leidy (New York), served as 

the recipient teat etrain in meet cases. Antibiotic-reeistant (mutant) 

atraine carrying the correeponding genetic markers are here designated 

Rd/SM, Rd/Kal and 80 on , while their DNA extracta are termed DNA(M), 

DNA(Ka1) etc. DNA nae heated in a thermostatted raterbath at O.O5pg/ml 

in saline-citrate (0.15 ,M, 0.015 ,M, respectively; pH 7.0). Samples 

were quickly chilled after heating and stored at 4 'C. O.l-ml amounts 

were mixed with 1.9 ml of transformable cells and gently shaken dur- 

ing 30 minutee at room temperature. The mixture contained about 106 

marker equivalents per ml , so ensuring a linear transformation response 

to the numbers of active markers present. 

RESULTS - (1) Inactivation. The streptomycin (SM), kanamycin (Kal) and 

oathomycin (Ca) reeiatance markers in the DNA studied were located on 

one particle (Goodgal, pers. comm.) (Fig. 1). For a detailed descrip- 

tion of this marker eyatem, see Stuy (1961a). 

h n 
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Fig. 1. The three-marker spetem 

Inactivation at 75 l C proceeded almost exponentially (Fig. 2). 

Marker complexes were more sensitive than eingle markers. The sensi- 

tivity of the small complex SY-Kal (elope of its inactivation curve) 

was much smaller than the cum of the sensitivities of the Sk and Kal 

markers. This great "overlapping" effect ie believed to indicate that 

the inflicted damage extends its influence on subsequent transform- 

ation over DNA regions greater than the distance between the two mark- 
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Fig. 2. Decrease in transforming activity of DNA(SM,Kal,Ca) 

during heating at 75 *C. Concentration: O.O5pg/ml. Initial 

values in markers/ml x 10 -6 ; SM: 13, gal8 11, Car 11, S&d-gals 

9.4, Kal -Car 5.4, SM-Car 5.0 and SM-Kal-Cat 5.2. 

ers (or, rather, mutated sites). Thia distance is eatimated aa of the 

order of hundred nucleotide pairs (Stuy, 1961a). The sensitivities of 

the large complexes Kal-Ca and SALCa were significantly greater than 

the sums of the sensitivities of the component markers ("unlinking" 

effeot). Since the same phenomenon had been found in a study of DNaee 

inactivation of this marker system (Stuy, 1961a), it is believed that 

the unlinking effect found here also signifies single-strand breakage. 

DNA(SM,Kal,Ca) was heated at 80 and 85 V with identical results 

(Fig. 3). The complex Sld-Kal was now as sensitive as the Kal marker. 

We believe that this means a much more extended influence along the 

DNA chain by the inflicted damage with respect to DNA incorporation 

in the transformation process. 
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Fig. 3. Decrease in transforming activity of DBA(SM,Kal,Ca) 

during heating at 85 OC. Concentration: O.O5pg/ml. Initial 

values in narkere/ml x 10 -6 ; SY: 13, KaI: 14.5, Car 14.5, 

SM-Kal: 9.4, Kal-Cat 8.0, SH-Ca: 7.0 and BM-Kal-Ca: 6.6. 

(2) Mutaue nit action. Heating at 75 V of DRA(Rry6) (conferring rerist- 

anue to 6pg/ml of erythromycin) did not reault in the appearance of 

marker activity with respect to reeietance to etreptomycin (2OOpg/ml), 

kanamycin (gpg/ml), cathomycin (2/ug/ml), viomyoin (15O,ug/ml), peni- 

cillin (0.5pg/ml; C.A.v.S. isolated a epontane&w mutant resisting 

thie concentration), aminopterin (lO~g/ml; Rd ie sensitive to 5/ug) 

and oleandomycin (loop/ml). DRA(Ery6) was heated over period6 of 

0, 2, 4 and 6 days. The Ery6 marker dropped from 19 x lo6 per ml to 

11, 4.2 and 2.2 x 106, reepeotively. About lo5 marker equivalents 

(eensitive loci) were plated and checked for resistance-transmitting 

activity. A few plates contained from 1 to 3 coloniee while the others 

showed no growth at all. These colonies had certainly arisen from un- 

transformed cella (spontaneoue mutations) since they were aleo observed 
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in oontrol experiment6 in rhioh no DIiA had been added to the reoipient 

cells. The background on viomycin-containing plates is normally ae 

high aa 50 to 100. If  there is any mutagenic action of heat on DBA, 

the induced frequency ie smaller than 10m4. No mutagenic action va8 

obeerved at both other temperaturea. 

(3) Fate of damaaed markere. Inactivated markers, regarded as induced 

back-mutations or tauppreeaor-mutations , could be expected to be in- 

oorporated by recipient celle just aa spontaneoue mutationa are. This 

=a8 teeted as follore. If every inactivated Ca marker replaces the chro- 

moeomal Ca marker in recipient Bd/Ca cells , the rurvival of the complex 

SM-Ca ahould be equally low rhen measured on the etraina Rd and Bd/Ca. 

On the other hand, if every inactivated Ca marker is rejected by recip- 

ient cells, then the survival of the SY-Ca complex as measured on strain 

Bd/Ca should be equal to that of the SY marker alone. The latter caee 

vas olearly observed for the tro markers studied (Table I). To narrow 

Table I 

Survival of DNA(SY,Kal,Ca) heated at 74 l C (6 days) and at 85 'C (25 
hours) a8 measured on the etraine Rd, Rd/W and Rd/Ca of H. influensae. 

Marker(a) Survival ($) at 74 l C on Survival (8) at 85 l C on 

Rd Rd/SM Rd/Ca Bd Rd/SY Rd/Ca 

SM 7.8 - 6.4 6.3 - 5*5 
Ca 24 23 18 16 

SM-Ca 0.21 23 6.2 0.13 17 5.8 

a possible discrepancy dovn to less than one per cent, 76 Ca-trane- 

formed clones from the oro88: heated (74 l C) DNA x Rd/SY, and 76 SM- 

traneformed clones from the croaat heated DNA x Rd/Ca, were streaked 

on SM-agar and Ca-agar, respectively. All cultures grew on these media. 

This demonstrates that recipient cells do not exchange (active) ohro- 

rosomal markers for inactivated ones in transforming DNA. 
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DISCUSSION - We are unable to conclude definitely from the results 

obtained whether the decreased transforming activity of heated DNA 

had been caused by depurination, strand breakage, breakage of H-bonds 

or by a combination of these effects. We believe, however, that the 

results indicate a dominating role by atrand breakage beoauee (a) the 

picture obtained at 75 'C olosely resembles that of DBase degradation 

(Stuy, 1961a; overlapping and unlinking effect), (b) depurination 

alone would probably not cause unlinking of SH and Ca markers by 

analogy to Uv (Stuy, 1962) and nitroua acid effeote (Stuy, 196lc) and 

(c) at the higher temperatures of 80 and 85 'C the expected H-bond 

breakage, resulting in more or less collapeed areaa around breaks, 

leeme to show up a6 an enhanoed overlapping effect. 

Xarker inactivation by heat is in effeot a rejection by recipient 

oells of areas around a "hit" in the DWA. Markers may remain unaffected 

but they ?dieappear' from the, reaction mixture when they become located 

on suoh areas. Accordingly, they are scored as inactivated. 

We have failed to demonstrate in vitro mutagenesis by exposing -- 

purified transforming DNA to sub-melting heat. Some of the induced 

changes may have been mutational if inflicted in bacteriophage DNA 

or in DNA inside a living bacterium. But in the transformation pro- 

ceaa all damaged DNA area8 block their own incorporation into chromo- 

eomal DNA. Spontaneoue mutational changes are readily incorporated. 

We conclude, therefore, that sub-melting heat affects rather Berioua- 

ly the secondary DNA structure besides , or through, the observed 

ohemioal alterations. In thia connection, we prefer to think of 

rather extenaive H-bond breakage with perhaps a faulty reunion. 
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