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INTRODUCTION

The f i r s t  thermophilic bacterium was isolated by Mi quel in 

1879 (A llen , 1953). Thermophiles are bacteria which p re fe re n tia lly  

grow at elevated temperatures (50-80°C), at which many macromolecules 

necessary fo r l i f e  are o rd in arily  destroyed. Mesophiles, on the 

other hand, grow at more moderate temperatures (20-45°C) where 

macromolecular denaturation is no longer a problem.

Many thermophilic organisms have been isolated from a varie ty  of 

sources (A llen , 1953). Work done in th is  laboratory u t iliz e s  two 

species of bacteria from the genus B ac illu s . The thermophile is B. 

stearothermophi!us and the mesophile is EL 1icheniformis. The 

present work was performed to try  and learn more about the phenomenon 

known as thermophily, p a rtic u la rly  as to the possible ro le  played by 

the re la tiv e  physical properties of DNA.

To date, three major theories have been presented to explain the 

phenomenon of thermophily. The f i r s t  of these suggests that 

thermophily results from the presence of heat stable lip id s  

(Gaughran, 1947). The second accounts fo r the phenomenon by 

postulating a system involving rapid rates of protein synthesis and 

degradation (A llen , 1953). The th ird  and most popular theory, views 

thermophily as the resu lt of physical-chemical differences between 

important macromolecules of the thermophile and those of the 

mesophile (Campbell, 1968).

1
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The th ird  theory has received considerable experimental support 

thus fa r . Most of the supporting evidence comes from comparative 

studies of proteins and nucleic acids from thermophilic and meso- 

p h ilic  bacteria. The proteins glyceraldehyde-3-phosphate dehydro­

genase (Amelunxen, 1966 & 1969), aspartokinase (Kuranutsu, 1968) and 

peptidase (Matheson, 1967) isolated from B_̂  stearothermophi!us have 

a ll shown a higher degree of thermal s ta b ili ty  than corresponding 

proteins from mesophiles. The <*-amylase isolated from EL coagulans 

grown at 55°C was found to be more heat stable than the same enzyme 

isolated from the organism grown at 37°C (K o ffle r , 1957).

Previous work from th is  laboratory, in support of the th ird  

theory, has shown that thermophilic deoxyribonucleic acid (DNA; 

Stenesh, 1968) and thermophilic ribosomal ribonucleic acid (Stenesh, 

1967a) are more heat stable than the corresponding mesophilic 

macromolecules. Additional work has dealt with differences in fa t ty  

acids (Shen, 1970), ribosomes (Stenesh, 1967b), ribosomal proteins 

(P ic k e tt, 1973) as well as a comparison of the f id e l i ty  of DNA 

rep lication  under in vivo conditions (Gupta, 1978).

The la t te r  study indicated some differences in the apparent 

f id e l i ty  of DNA rep lication  fo r  mesophiles and thermophiles as a 

function of growth temperatures. That study involved a chemical 

analysis of the DNA based on the incorporation of labeled nucleo­

sides.

The present study represents a follow-up of th is  work in which
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the DNA is subjected to physical analysis. S p e c ifica lly , heat 

denaturation p ro files  and viscosities were determined fo r DNA iso­

lated from synchronously grown cultures of J3. licheniform is and B. 

stearothermophi1 us, each grown at two temperatures. The purpose of 

th is  study was to determine whether the differences in the apparent 

f id e l i t y  of rep lication  are such that they lead to  measurable d if fe r ­

ences in the physical properties of the DNA.
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MATERIALS AND METHODS

Cells:

Nutrient medium: 

DNA iso la tion :

Viscosity:

Chemicals

Bacillus licheniform is (NRS 243) 
Bacillus stearothermophi1 us 10

Bactoagar -  Difco 
Trypticase -  BBL 
Yeast extract -  Difco

Ethylenediaminetetraacetic Acid (EDTA) 
Aldrich

Sodium Chloride -  Mallinckrodt 
Sodium C itra te  -  Merck 
Sodium Hydroxide -  Mallinckrodt 
Lysozyme (No. L6876) -  Sigma 
Sodium Lauryl Sulfate -  Sigma 
Sodium Perchlorate - Fisher S c ie n tific  
IsoAmyl Alcohol -  Sigma 
Chloroform - Mallinckrodt 
Ribonuclease-A (No. R-5000) -  Sigma 
Ethanol (95%) -  Mallinckrodt

Acetone -  Mallinckrodt

4
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Reagents

DNA Isolation:
Buffer I (Sal ine-EDTA):

Buffer I I  (S a lin e -C itra te ):

Buffer I I I  (d ilu te  Saline- 
C itra te ) :

Buffer IV (conc. Saline- 
C itra te ) :

Chloroform -  IsoAmyl alcohol
Sodium Perchlorate:
Ribonuclease
Sodium Lauryl Sulfate
Lysozyme

0.15 M NaCl
0.1 M EDTA
adjusted to pH 8 with
conc. NaOH
0.15 M NaCl
0.015 M Sodium C itrate
adjusted to pH 7 with
conc. NaOH

0.015 M NaCl 
0.0015 M Sodium C itra te  
adjusted to pH 7 with 
conc. NaOH

1.5 M NaCl
0.15 M Sodium C itrate
adjusted to pH 7 with
conc. NaOH
24:1 (v /v)
5 M
50 /^g/ml 
25% (w/v)
5 mg/gm wet packed 

cells

Note: DNA dissolved in Buffer I I  fo r  a ll te s ts .

Viscosity:
Cleaning Solutions: T rip ly  d is t i l le d  acetone 

Chromic acid:
10 g Sodium Dichromate 
20 ml Hot H2O 
175 ml Conc. H2SO4
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6

Spectrophotometers: 

Shaker:

Lyophilizer:

Centrifuge:

Constant Temperature 
C irculator:

Viscometer:

Timers:

Equipment

Bausch & Lomb, model Spectronic 20 
Carl Zeiss, model PMQ I I

Controlled Environment Incubator Shaker,
New Brunswick S c ie n tific  Co., Inc. 

B u rre ll, model BB (w ris t-ac tio n )

V ir t is ,  model 10-117

Sorvall, model RC-2 refrigerated  centrifuge

HAAKE, series F

Cannon In s t. Co., #50-5-328 
Cannon-Ubbelohde d ilu tio n  type

GCA/Precision S c ie n tif ic , TIME-IT
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Organisms and Growth Conditions

The bacteria used fo r these experiments were Bacillus lich en i­

formis (NRS 243) and Bacillus stearothermophi!us 10.

The bacteria were grown in flasks containing 150 ml of nutrient 

liq u id  medium. The nutrient medium consisted of 1% Trypticase and 

0.2% yeast ex trac t. The cultures were incubated in an incubator 

shaker. The mesophile, B. licheniform is, was grown at 37°C and 45°C 

and the thermophile, EL stearothermophi!us, was grown at 45°C and 

55°C. Cell growth was followed spectrophotometrically at 540 nm 

(Baush & Lomb, Spectronic 2 0 ). The absorbance values corresponding 

to the midlog and la te  log phase were obtained from Gupta (1978) and 

Madison (1977). The growth temperatures of the organisms were chosen 

so as to have essentia lly  one optimum growth temperature fo r each 

organism (37°C fo r licheniform is and 55°C fo r B  ̂ stearothermoph- 

i lu s ) as well as one common temperature (45°C).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Synchronous Cell Cultures

Synchronous cultures were obtained by the procedure outlined by 

Gupta (1978).

In i t ia l l y ,  slants containing 0.2% yeast e x tra c t, 1.0% T ry p ti-  

case, and 2.0% Bactoagar, were inoculated with c e lls  from stock 

cultures and incubated at the appropriate temperature overnight. The 

next morning the c e lls  from two slants were washed, with 10 ml 

s te r ile  water, in to  a one l i t e r  flask containing 150 ml s te r ile  

medium. Exponential growth was maintained fo r 12 generations; the 

la te  log phase was not exceeded at any time. The la te  log phase 

corresponds to an absorbance at 540 nm of approximately 0.7 and 0.65  

fo r the mesophile at 37°C and 45°C, respectively; fo r the thermophile 

i t  corresponds to 0.7 and 0.65 at 45°C and 55°C, respectively . In 

order to maintain exponential growth fo r 12 generations, ce lls  were 

transferred three times to fresh s te r ile  medium. Enough c e lls  were 

transferred each time to insure an in i t ia l  absorbance of approx­

imately 0.1 at 540 nm.

The bacterial cu ltu re , a fte r  12 generations o f growth, was 

f i l te re d  through a s te r i le  f i l t r a t io n  unit as described by Gupta 

(1978). The time of f i l t r a t io n  was not to exceed one minute, using 

suction from a water asp ira to r, in order to insure synchrony. One 

hundred and f i f t y  ml o f bacterial cu ltu re , in the midlog phase, were 

f i l te re d  at one tim e. The midlog phase corresponds to an absorbance

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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at 540 nm of 0.55 and 0.45 fo r  the mesophile at 37°C and 45°C, 

respectively; fo r the thermophile i t  corresponds to an absorbance of

0.40 and 0.50 at 45°C and 55°C, respectively. The f i l t r a t e  contain­

ing the smallest ce lls  was then returned to the incubator shaker and 

the ce lls  allowed to grow fo r  one generation. The entire  f i l t r a t io n  

process and transfer to  the incubator required less than two minutes 

and was performed at room temperature with the exception of the 

f i l t e r  flask i t s e l f ,  which was submerged in a water bath at the 

incubation temperature. Cell growth was monitored throughout the 

incubation period by checking the absorbance every h a lf hour using 5 

ml aliquots of bacteria l culture each time. A fte r exactly one 

generation, the ce lls  were harvested by centrifugation at 10,000 x g 

fo r 5 minutes, washed by centrifugation with Buffer I ,  weighed, and 

stored at -20°C.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Lysis of Cells

Lysis of a ll bacterial samples (B. licheniform is grown at 37° and 

45°C; stearothermophi1 us grown at 45° and 55°C) was performed 

using identical procedures. The conditions were more drastic  than 

those used previously (Marmur, 1961) because of the fa c t that d i f f i ­

cu lties  were encountered in lysing the B. licheniform is culture grown 

at 45°C using the orig inal milder conditions. In order to avoid 

unequal treatment, a ll of the samples were lysed using the more 

d ras tic , but id e n tic a l, conditions. The degree of lys is  was determ­

ined by v isua lly  noting the increase in solution v iscosity .

Approximately 1 gram of frozen c e lls  was suspended in 12 ml of 

Buffer I .  Lysis was effected in two steps. F irs t ,  5 mg of lysozyme 

were added to the c e ll suspension. The mixture was then incubated at 

37°C with occasional shaking fo r four hours. This procedure was 

followed by the addition of 1.0 ml of sodium lauryl su lfa te  and 

incubation fo r 10 minutes in a 60°C water bath. The lysed ce ll 

suspension was cooled to room temperature and the DNA was then 

i solated.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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DNA Iso lation

DNA was isolated by a modification of the procedure used by

Marmur (1961).

A fte r the DNA was precipitated with ethanol the f i r s t  tim e, i t  

was transferred to 5 ml of Buffer I I I  and gently dispersed. The

solution was then adjusted to standard s a lin e -c itra te  concentration 

by the addition of Buffer IV . Ribonuclease was added to a fin a l

concentration of 50 >^-g/ml and the mixture was incubated fo r 30 

minutes at 37°C. Following the digestion o f the RNA, the

deproteinization procedure was repeated, but only once. A fter th is  

f in a l deprotein ization , the DNA was again precipitated using two 

volumes of ice cold ethanol. The spooled out DNA was then dispersed 

in 3-5 ml of d is t i l le d  water. This DNA solution was dialyzed against 

1 l i t e r  of d is t i l le d  water fo r 48 hours with four changes. The

dialyzed DNA solution was lyophilized and stored at - 20°C.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Thermal Denaturation

Thermal denaturation pro files  were determined fo r each of the DNA 

samples. The previously isolated and lyophilized DNA was dispersed 

overnight in 10 ml of d is t i l le d  water at 4°C. Buffer IV was added to  

bring the concentration up to that of standard s a lin e -c itra te . From 

these stock solutions appropriate d ilutions were made, using Buffer 

I I ,  to obtain 3 ml of a 20 >“g/ml solution. These d ilu ted solutions 

were then used fo r the thermal denaturation studies.

The approximate instrumental set-up is shown in Figure 1. In i ­

t i a l l y ,  the temperature inside the cuvette was calibrated against the 

temperature in the water bath. This was done by placing 2 .4  ml of 

d is t i l le d  water in a cuvette and immersing a thermometer in i t .  The 

temperature of the water bath, starting at 25°C, was varied by 

increments o f 5°C. A fte r each increment, the temperature was allowed 

to eq u ilib ra te  fo r  20 minutes. Temperature readings were then taken

of both the bath and the cuvette. In th is  way, the unit was c a li­

brated fo r  external heat loss. The bath temperature was plotted  

versus the cuvette temperature and th is  ca lib ra tio n  curve was used to  

obtain the corrected cuvette temperature.

For determination o f the actual thermal denaturation p ro file s , 3

ml of the 20 ^-g/ml DNA solution were placed in the experimental

cuvette and 3 ml of Buffer I I  were placed in the blank cuvette. The 

starting  temperature was again 25°C and the temperature was increased

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure  1

Thermal Denaturation Set-up 
(Zeiss, model PMQ I I )

1. Indicator and mechanical zero 
point corrector

2. Detector unit
3. Sample changer
4. Monochromator
5. Lamp unit
6 . Constant temperature c ircu la to r  

(HAAKE)
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by 3-5°C with a 20 minute equ ilib ra tio n  period. The absorbance of 

the DNA solution was measured at 260 nm, using Buffer I I  as a blank, 

as a function of increasing temperature up to a bath temperature of 

approximately 98°C. The observed absorbance was corrected fo r the 

thermal expansion of the sample. The thermal denaturation pro files  

were computer drawn using a D ig ita l Equipment Corporation (Model, 

DECsystem-10), a Time Sharing Peripherals p lo tte r  (Model, 212), and 

the SPLINE subroutine program. The Tm was obtained from these curves 

and represents the midpoint of the tran s itio n  between 25°C and 93°C. 

The points plotted in Figure 3 are computer generated and smooth 

curves were drawn through them; these curves were not used fo r  

calculating the Tm values except fo r that of Figure 3d.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Viscosity

Viscosity was determined using a d ilu tio n  type Cannon-Ubbelohde 

viscometer. The viscometer was v e rt ic a lly  aligned and submerged 

securely in a 25°C glass water bath. The viscometer was then thor­

oughly cleaned with chromic acid followed by copious amounts of 

d is t i l le d  water and f in a l ly  rinsed thoroughly with fresh t r ip ly  

d is t i l le d  acetone.

Ten ml of Buffer I I  was pipetted into reservoir R (Figure 2 ) .  

Using suction, the solution was drawn up to position 1. The outflow 

time was measured by allowing the liqu id  sample to flow free ly  down 

past the upper etch mark, measuring the time fo r the meniscus to  pass 

from the upper etch mark to the lower etch mark of each bulb. The 

time was measured to the nearest 0.1 second. This procedure was 

repeated with Buffer I I  u n til reproducible results were obtained. 

From these data, t Q, the outflow time fo r  the solvent was determined. 

The viscometer was again cleaned, as described above, without chang­

ing its  position . Ten ml of stock solution was then pipetted into  

the reservoir and a fte r  a 20 minute eq u ilib ra tio n  period the outflow  

time of the stock solution was measured repeatedly, as described 

above. The sample was diluted while in the viscometer by addition of 

5 ml of Buffer I I  to the reservo ir. The solution was mixed by 

repeatedly applying s lig h t pressure to tube B. Four such d ilu tions  

were made, adding a to ta l of 20 ml of Buffer I I  to the orig inal

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2 

D ilu tion  Type Viscometer

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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sample in the viscometer. Outflow times were measured a fte r  each 

d ilu tio n . The viscometer was cleaned thoroughly a fte r  each series of 

viscosity determinations. Because of the differences in bulb volumes 

and in the height of the bulbs, the measurements of cap illa ry  flow  

through the four bulbs represented flow at varying rates of shear. 

The average rate of shear fo r each bulb was calculated from data 

supplied by the manufacturer. The lines in Figures 4-8 are computer 

drawn (except l in e - * * - in  Figure 8) using the least squares method.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RESULTS AND DISCUSSION

Thermal Denaturation Profiles

The thermal denaturation pro files  fo r the DNA's are shown in 

Figure 3. The Tm, or melting out temperature, was taken as the 

midpoint of the tran s itio n  between 25°C and 93°C. The melting out 

temperature is that temperature at which 50$ of the hyperchromic 

effec t is observed. In a ll but one case the DNA's melted out over a 

narrow range of temperature. The one case being that of B. stearo- 

thermophilus grown at 55°C (Figure 3d). The scattered results may 

have been due to formation of an a ir  bubble in the cuvette during the 

experiment. The Tm, in th is  case, was estimated as indicated by the 

dotted lin e . The Tm values are given in Table 1. The Tm fo r B. 

licheniform is grown at 37°C and that fo r stearothermophilus grown 

at 55°C agree well with those reported previously, 88.6°C and 91.0°C, 

respectively (Stenesh, 1968). Moreover, at the common growth 

temperature of 45°C, the thermophilic DNA was more stable (higher Tm) 

than the mesophilic one, as would be expected. For each organism, 

within the accuracy of the Tm determination, an increase in growth 

temperature led to a lower Tm value, indicative of a less stable DNA. 

These changes in DNA s ta b il i ty  must be a re flec tio n  of the changes in 

the apparent f id e l i t y  of rep lication  observed as a function of 

increasing growth temperature. I t  must be noted, however, that the 

hyperchromic effects  fo r EL. licheniform is at 37°C (23$) and

20
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Figure 3

Thermal Denaturation Profiles  
fo r DNA from:

(a) B. licheniform is, 37°C
(b) FT licheniform is, 45 C
(c) B. stearothermophilus, 45°C
(d) B. stearothermophilus, 55 C
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Table 1 

Thermal Denaturation of DNA

Organism

B. licheniform is  

B. licheniform is  

B. stearothermophilus 

B. stearothermophi 1 us

*  estimated value

B. stearothermophilus at 55°C (19%) was less than that observed 

previously (41% and 40%, respectively; Stenesh, 1968). This would 

indicate that these DNA's were p a r t ia lly  denatured and/or degraded, 

presumably due to the more drastic  lys is  conditions required in the 

present study. I t  is l ik e ly  that the DNA's from B. licheniformis at 

45°C and B  ̂ stearothermophilus at 45°C, even though they showed a 

higher hyperchromic e ffe c t , were also denatured and/or degraded to  

some extent.

Growth Tm
Temperature( C) ( C)

37 88.5

45 87.8

45 89.7

55 88.3*
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Viscosity Measurements

Viscosity measurements were carried out in  order to determine 

whether the DNA from the thermophile d iffered  from that of the 

mesophile in some physical parameter other than that re flected  in the 

thermal denaturation p ro file s . The viscosities were measured as a 

function of rate of shear and also as a function of concentration.

The f i r s t  set of graphs are plots of specific  viscosity (??Sp) 

versus the average rate  of shear (G). The specific  viscosity is  

calculated from the following equation: 7 lsp = ( t / t Q) - l  where t Q is  

the outflow time of the solvent and t  the outflow time of the sample. 

The average rate  of shear is calculated from the equation: 

"G = 2 /3 (shear rate at w all) where the shear ra te  at the wall is  given 

by A /t0 where A is a d iffe re n t constant fo r each bulb, supplied by 

the manufacturer, and t Q is the outflow time of the solvent. The 

specific v iscosity and the average rate of shear were calculated fo r  

each bulb.

Instead of p lo tting  versus G, which at times displays upwardbp

curvatures (Eigner, 1962 & 1965), i t  has been suggested to plot 

instead the rec iproca l, 1 /7z_n, versus G (Eigner, 1962). This plot
sp

allowed fo r  satis factory  extrapolations to G=0. These plots are 

shown in Figures 4 -7 . I t  can be seen that the dependence of the 

viscosity on the rate  of shear is s im ilar in a l l  cases. This in d i­

cates th a t in overall molecular asymmetry the DNA's do not d if fe r
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F igure 4

Viscosity of DNA as a function  
of rate of shear

B. licheniform is, 37°C

(+) 40 -**g/ml 
(x) 27 -"g/ml 
(o) 20x^g/ml 
(V) 16 ^g/ml 
(*<j) 13 ^g/ml
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Figure 5

Viscosity of DNA as a function  
of rate of shear

B. licheniform is. 45°C

M  86-^g/ml 
(x) 57^-g/ml 
(O) 43-^/1111 
(^) 34>*g/ml 
[<*)) 29 ̂ g/ml
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Figure 6

Viscosity of DNA as a function  
of rate of shear

B. stearothermophi1 us, 45°C

f a )  54 ^g/ml 
(x) 36,wj/nil 
(o) Z1 m -g/ml 
f a )  2 2 ^ /m l  
f a )  18>“g/ml
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Figure 7

Viscosity of DNA as a function 
of rate of shear

B. stearothermophilus, 55°C

(+•) 22^g/ml 
(x) 15 -xvtg/ml 
(<t>) 11-wg/ml 
(4̂ ) 8.8-«g/ml 
(^) 7.3^*g/ml
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s ig n ific a n tly .

The v iscosity at zero rate of shear was then plotted as a func­

tion of concentration. The plot of at G=0 versus concentration

is shown in Figure 8. This type of plot usually y ie lds  a positive  

slope (Stenesh, 1968). The plots from the present experiment have a 

slope tha t is almost zero (s lig h tly  negative). The lin e  fo r B. 

stearothermophi 1 us at 55°C has been drawn as shown in figure  8 by 

analogy with the lines  fo r the other DNA's. Moreover, since the

y ie ld  of th is  DNA was very low, only a much smaller concentration 

range could be covered in the experiment. Drawing a lin e  d ire c tly  

through the points and having a strong negative slope would, 

therefo re , appear to be an incorrect in terpretation  of the data.

The fac t that the lines in figure 8 have a slope o f approximately 

zero suggest that the DNA may have been p a r t ia lly  denatured and/or

degraded and hence did not show any s ign ifican t dependence of the

viscosity on the concentration. This is in agreement with the

in terpre ta tion  of the thermal denaturation pro files  and again presum­

ably due to the more drastic  lys is  conditions required in th is  study. 

Some of the e ffec t might also have been due to an aggregation caused 

by contaminating protein since the DNA had not been th a t highly 

p u rifie d . Repeated p u rifica tio n  steps were not feasib le  due to the 

very low y ie ld  of DNA from the synchronous cultures.

The extrapolation of the plots in figure 8 y ie lds  values fo r  the 

in tr in s ic  v iscosity , [71], which are lis ted  in Table 2. The molecular
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F igure  8

Viscosity of DNA as a function  
of concentration

(+-) B. lichen iform is , 37°C 
(x) FT licheniform is, 45 C 
(4>) JL. stearothermophi 1 us, 45°C 
(M  stearothermophi1u?, 55 C

'4
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Table 2 

Physical parameters of DNA

Organism Growth 
Temperature ( C) 3 CO 

t_
1

Mol. wt.

B. licheniform is 37 4.1 6.4

B. licheniform is 45 2.3 2.9

B. stearothermophilus 45 5.3 9.5

B. stearothermophilus 55 4.2 6.8
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weight can be calculated from the in tr in s ic  viscosity by the fo llow ­

ing relationship (Eigner, 1965): [?z] = 6.9 x 10“  ̂ M®*^.

The calculated molecular weights (M) are also lis te d  in Table 2. 

I t  can be seen from Table 2 that the in trin s ic  viscosity and molec­

ular weights fo r a ll samples are comparable but in each case the 

values fo r the higher temperature are lower. I t  should be noted that 

a lower value fo r the in tr in s ic  viscosity indicates a more f le x ib le ,  

a less rig id  and less asymmetric DNA molecule. This is in agreement 

with the thermal denaturation pro files  which indicated lower Tm 

values at the higher growth temperatures. A lower Tm value is  due to 

less extensive hydrogen bonding and/or p artia l denaturation. This, 

in turn , would allow the DNA molecule to be more f le x ib le , less r ig id  

and less asymmetric.

The molecular weight values shown in Table 2 are lower than those 

reported previously fo r B_̂  1icheniformis at 37°C and stearo­

thermophilus at 55°C (8 .0x l06 and 11.8xl06 , respectively;

Stenesh,1968). This would be expected based on the conclusion 

reached above that the prolonged lys is  led to some denaturation 

and/or degradation of the DNA. The lower molecular weight values fo r  

each organism at the higher temperature must re fle c t more extensive 

degradation of the DNA which would be expected i f  that DNA is ,  in  

fa c t, inherently less stab le . Such DNA is l ik e ly  to be degraded more 

readily  be e ither enzymatic action or physical shear.

Based on the resu lts  shown in Tables 1 & 2 one can te n ta tiv e ly
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conclude that an increase in growth temperature (and hence the cor­

responding changes in the apparent f id e l i t y  of rep licatio n ) leads to  

measurable differences in the Tm, v iscosity , and molecular weight of 

the isolated DNA. These changes are in lin e  with the concept that 

the DNA, fo r each organism, is less s tab le , less r ig id  and less 

asymmetric as the growth temperature is increased However, before 

th is  ten ta tive  conclusion can be accepted, i t  must be ve rified  by 

repeating the same experiments using a modified iso lation  procedure 

so that the p a rtia l denaturation and/or degradation of the DNA, 

observed in the present study, can be avoided.
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