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INTRODUCTION

The f i r s t  i s o la t io n  of a thermophi l ic  bac te r ium  w a s  done 

by M iquel  in 1879. (1). Since th i s  t ime much work h a s  b een  done 

in  s tudying  th e s e  b a c te r ia  from many sou rces  in n a tu r e .  

Thermophi les  are  b a c te r ia  w h ich  grow a t  much h igher  t em pera tu res  

(about 55-80°C)  than m e so p h i l e s  w h ich  grow a t  more modera te  

t em pera tu res  (about 2 0 - 4 5 ° C ) .

Three major th e o r ie s  have  been  proposed  to a c c o u n t  

for the  phenomenon of the rm oph i ly .  The f i r s t  of t h e s e  th eo r ie s  

deve loped  by Gaughran  (1), c o n s id e r s  thermophily  to be due  

to the  p re s e n c e  of h e a t  s t a b l e  l i p i d s .  The second  th eo ry ,  

proposed  by Allen (2), v ie w s  thermophi ly  a s  a sy s tem  

c h a r a c te r i z e d  by rap id  r a t e s  of s y n th e s i s  and d e g ra d a t io n .

The thi rd  theory  a s c r i b e s  thermophi ly  to p h y s i c a l - c h e m i c a l  

d i f f e r en c es  be tw een  the  m acro m o lecu le s  of the  the rm oph i le s  

and th o s e  of the  m e s o p h i l e s .

The l a s t  theory  h a s  r e c e iv e d  the  most support  thus  fa r .

The e v id en ce  comes  la rg e ly  from r e c e n t  compara t ive  

s tu d i e s  of p ro te ins  and r ib o n u c le ic  a c id s  (RNA) from 

thermophi l ic  and m e so p h i l i c  b a c t e r i a .  Unusua l  thermal 

s t a b i l i t y  of cy to p la sm ic  p ro te in s  from thermophi l ic  o rgan ism s  

h a s  b e en  repor ted  by Koffler (3). The O t  - a m y l a s e  i s o l a t e d

1
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from B ac i l lus  c o aq u la n s  grown a t  55°C showed g re a te r  

h e a t  s t a b i l i t y  than  the  sam e enzym e i s o l a t e d  from B. 

c o a q u la n s  grown a t  37°C (4). A marked d i f fe rence  in  the  

h e a t  s t a b i l i t y  of f l ag e l la  from therm ophi l i c  and m e so p h i l i c  

b a c te r i a  h a s  been  dem o n s t ra ted  by S ten esh  and Koffler (5). 

More r e c e n t l y ,  S tenesh  and H olazo  (6) have  shown th a t  the  

r ibosom a l  RNA from the rm ophi l i c  s t r a in s  of Bac i l lus  w a s  more 

h e a t  s t a b l e  and had a h ighe r  g u an in e  p lus  c y to s in e  (G+C) 

c o n te n t  than  the  r ibosom al  RNA from m eso p h i l i c  s t r a in s  

of B a c i l l u s . The r ib o so m es  of the  above  s t r a in s  of B ac i l lus  

d i f fered  l i k e w is e  in the i r  s t a b i l i t y  (7); the  r ib o so m es  from 

the  the rm oph i l i c  s t r a in s  w e re  more s t a b l e  than  the  r ib o so m e s  

from the  m esoph i l ic  o n e s .

S tud ies  of the  d e o x y r ib o n u c le i c  ac id  (DNA) from m e so p h i l i c  

and the rm ophi l ic  o rg an ism s  h av e  b een  l e s s  numerous  and 

hav e  a l s o  b een  l e s s  c o n c lu s iv e  in th e i r  suppor t  of  the  above  

th eory  of the rm ophi ly .  One of the  few papers  i s  t h a t  by 

Marmur (8) in  which  he showed th a t  the re  w as  no marked 

d i f f e ren c e  be tw een  the  thermal s t a b i l i t y  of DNA from J3. 

s tea ro th e rm o p h i lu s  and th a t  of DNA from E sc h e r ich ia  c o l i .

This s tu d y  by Marmur a s  w e l l  a s  many of the  o the r  s t u d i e s  

of D N A ,p ro te in s , and RNA h av e  in vo lved  a com par ison  of 

the rm ophi l i c  s t r a in s  of B. s tea ro th e rm o p h i lu s  wi th  m e so p h i l i c
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3
s t r a in s  of _E. c o l i . Such i n v e s t i g a t i o n s  do no t  ru le  out 

the  p o s s i b i l i t y  of i n t e rg e n e r ic  d i f f e r e n c e s  w h ic h  may have  

a f fe c t ed  the  r e s u l t s .  For th i s  r e a s o n ,  our l ab o ra to ry  has  

b e e n  s tu dy ing  m e s o p h i l i c  and the rm oph i l i c  s t r a in s  from 

one  g e n u s ,  nam ely  B a c i l l u s . The p r e s e n t  work d e a l s  

w i th  s tu d i e s  of the  s t a b i l i t y ,  p h y s i c a l  p a r a m e te r s ,  and b a s e  

com pos i t ion  of  the  DNA i s o l a t e d  from t h e s e  s t r a i n s .

DNA i s  found in  a l l  b io lo g ica l  s y s t e m s  w i th  the  e x ce p t io n  

of c e r t a in  v i r u s e s ,  and i s  l a rg e ly  conf ined  to the  ce l l  

n u c le i  where  i t  i s  p r e s e n t  in  a s s o c i a t i o n  w i th  c e r ta in  

p r o t e in s .  DNA i s  th e  fundam enta l  c a r r ie r  of g e n e t i c  infor­

mation for a l l  l iv in g  s y s t e m s  (exc lud ing  c e r t a in  v i r u s e s ) , 

and a s  such  i t  d e te r m in e s  th e  primary  s t ru c tu re  of p r o te in s .

This i s  a c h i e v e d  by f i r s t  t r a n s c r ib in g  the  n u c le o t id e  

s e q u e n c e s  of the  DNA in to  n u c le o t id e  s e q u e n c e s  of 

m e s s e n g e r  RNA's (a copy ing  p r o c e s s ) . T h ese  m e s s e n g e r  

RNA's then d i r e c t  the  a s s e m b l y  of amino a c i d s  in to  p ro te ins  

by a p r o c e s s  w h e reb y  th e  n u c le o t id e  s e q u e n c e s  of the  

m e s s e n g e r  RNA's a re  t r a n s l a t e d  in to  amino a c id  s e q u e n c e s  

of p r o t e i n s .

The primary s t ru c tu re  of DNA c o n s i s t s  of a c h a in  of 

d e o x y r ib o se  m o le c u le s  jo ined  via  3 ' - 5 '  p h o s p h o d ie s t e r  

l i n k a g e s  (9). N i t rogenous  b a s e s  a re  a t t a c h e d  a t  the
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number 1 p o s i t io n  of the  sugar . The major b a s e s  are  a d en in e  

(A) , g uan ine  (G) , c y to s i n e  (C ) , and thymine (T). Three 

minor b a s e s  are  5 -m e th y lc y to s in e  ( 5 - M C ) , 6-m e th y lam in o  -  

purine  (6-MAP),  and 5 -h y d ro x y m eth y lcy to s in e  (5 -HM C).

The com ple te  DNA m olecu le  i s  made up of two such  c h a in s  

w h ich  form a doub le  a l p h a - h e l i x .  In th i s  s t ruc tu re  every  A 

i s  pa i red  to every  T (and v ic e  versa)  by two hydrogen 

bonds  and eve ry  C i s  pa i red  to every  G (and v ic e  versa)  by 

th ree  hydrogen  b o n d s .  The two c h a in s  a re  the re fore  known 

a s  com plem enta ry  s t r a n d s .

This doub le  h e l ix  h a s  a r ad iu s  of 10 A, and  every  turn  

in  the  h e l ix  c o r r e sp o n d s  to a d i s t a n c e  of 34 A a long  the  

a x i s  of th e  h e l i x .  The m o lecu la r  w e ig h t  of th e  DNA v a r i e s  

w id e ly  d epend ing  upon the  i s o l a t i o n  p ro ced u re ,  but i t  i s  

g e n e ra l ly  of the  o rder  of s e v e ra l  m i l l io n s .

The DNA u sed  in  the p r e s e n t  s tudy  w a s  i s o l a t e d  by a 

m od if ica t ion  of the  procedure  of Marmur (10). The b a s e  

co m p o s i t io n  of th i s  DNA w a s  de te rm ined  by four m e th o d s .  

T h ese  in vo lved  pap e r  ch rom atography  a f te r  a c id  h y d r b ly s i s ,  

b rom ina t ion ,  sp ec t ropho tom etr ic  m easu rem en ts  and c a l c u ­

l a t i o n s  b a s e d  on thermal d e n a tu ra t io n  p ro f i l e s .  In add i t io n  

to the  b a s e  com pos i t ion  of the  DNA, i t s  thermal s t a b i l i t y ,  

v i s c o s i t y  and m o lecu la r  w e ig h t  w ere  d e te rm ined .
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MATERIALS AND METHODS

Organisms

Three m e so p h i l i c  and th ree  the rm ophi l i c  s t r a in s  of the  

g en u s  Bac i l lus  were  u sed  in th i s  s tudy .  The m esoph i l ic  

s t r a in s  inc lu d ed  B. l ichen i fo rm is  (NRS 243) , B. pumilus 

(NRS 236),  and _B. sjo. (X-l ) . The the rm ophi le s  were  s t ra in s  

of J3. s tea ro the rm oph i lu s  (FJW, 10, 2184).

I s o l a t i o n  of DNA

The DNA u sed  in  th i s  s tudy  had b een  i s o l a t e d  p rev ious ly  

by o th e r  s t u d e n t s .  The procedure  u sed  w a s  th a t  of Marmur(lO) 

e x c e p t  th a t  th e  isopropy l  a lcoho l  s tep  w a s  om i t ted .  The procedure  

w a s  in te r rup ted  he re  and the  DNA lyo p h i l i z ed  and s to red a t  

- 2 0 ° C .  S u b se q u en t ly ,  the  DNA w a s  fu r ther  purif ied  by 

d i s s o lv i n g  i t  in 1M NaCl and s u b jec t in g  i t  to a th ree - fo ld  

p re c ip i ta t io n  wi th  0 .5 5 M  ce ty l  tr imethylammonium bromide 

a cco rd ing  to Jones (11). This removes  p o ly r ib o n u c leo t id e s  

and p o ly s a c c h a r id e s  much a s  the  isop ropy l  a lcoho l  s tep  

in the  procedure  of Marmur .  The f ina l  product w a s  d ia ly zed  

for 24 hours  v e r s u s  w a te r  a t  4 ° C , lyo p h i l i z ed  and s to red 

a t  - 2 0 ° C .  The purity  of the  DNA w a s  e s s e n t i a l l y  the

5
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same for a l l  s ix  s t r a in s ;  p ro te in  c o n tam in a t io n  amounted

to abou t  2% and RNA c o n tam ina t ion  w a s  abou t  3% in te rms 

of r ib o s e  de te rm ined  by the  o rc ino l  r e a c t i o n .  These  a n a l y s e s  

were  performed by Dr.  S te n e sh .

R eagen ts

Paper chromatography: 70% H C 1 0 4 (Mallinckrodt)
I sop ropy l  a l co h o l  (Baker) -  r e d i s t i l l e d  
HCL (Baker),  12N, 2 N , and 0.1N

Es t im at ion  of  d en a tu ra t ion :  0 .01M NaCl
1M M g C l 2

N - b r o m o a c e t a m i d e , 0 .006M  
IN H 2S 0 4 (Baker)

0.01 M N aCl  
12N H C 1 0 4
D e o x y n u c le o t id e  m o n o p h o sp h a tes  of 

A, G, C ,  and T (Calbiochem)

Standard  s a l i n e  c i t r a t e  (0.15M N a C l ,  
0.015M N a - c i t r a t e ,  pH 7.0)

Ethy lene  g lyco l :  D i s t i l l e d  H 20  (1:1,v /v )

Standard  s a l i n e  c i t r a t e

I sop ropy l  a l co h o l  (Baker) -  r e d i s t i l l e d  
2 -P ropy l  a l co h o l  (Baker) -  r e d i s t i l l e d  
n -P ro p y l  a l co h o l  (Baker) -  r e d i s t i l l e d  
n -B uty l  a l co h o l  (Baker) -  r e d i s t i l l e d  
12N H C 1 0 4 (Mallinckrodt)
HC1 (Baker) -  12N and 0 ..IN 
P o ly e th y le n e im in e  c e l l u l o s e  (Cellex-PEI) 
M i c r o c r y s t a l l i n e  c e l l u l o s e  (Cellex-MX) 
Powdered  c e l l u l o s e  (Cellex-N-1)
All c e l l u l o s e  p rep a ra t io n s  w ere  ob ta ined  

from C a lb io ch e m  
5 - M C  and 6-MAP (Calbiochem)

Note:  Three t im es  d i s t i l l e d  w a te r  w a s  u s e d  for a l l  s o lu t io n s .

Bromination:

S im ul taneous  s p ec t r a l  
d e te r m in a t io n s :

Thermal d e n a tu r a t i o n  
p ro f i le s :

V iscos i ty :

Minor Bases :
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Appara tus

All s p ec t ro p h o to m et r ic  m e asu re m e n t s  w ere  made  in  a 

Z e is s  model PM Q-II  sp ec t ro p h o to m e te r  e x c e p t  for the  

s im u l tan eo u s  s p e c t r a l  d e te r m in a t io n s  and the  minor b a s e  

com pos i t ion  s tu d i e s  w h ic h  w ere  a l s o  car r ied  ou t  in  a Cary- 

model 14 record ing  sp ec t ro p h o to m e te r .

V is c o s i t i e s  w ere  m e asu re d  u s in g  a C an n o n - U b b e lo h d e  

Four Bulb D i lu t ion  V iscom ete r  (Cannon I n s t .  C o .  , Sta te  

C o l l e g e ,  P a . ) . The c a p i l l a r y  of th i s  s p e c i a l l y  d e s ig n e d  

v i s c o m e te r  had a d ia m e te r  of 0.061 cm. Other  s p e c i f i c a t i o n s  

of the  v i s c o m e te r  were  a s  fo l lows :

Bulb Efflux Vol.  Driving H ead  Shear Rate (at wall)  V iscom ete r  
(cm^) (cm) ( s e c - -'-) C o n s t a n t

( c e n t i s t o k e s / s e c )

A 1.53 15.2 6 9 , 0 0 0 / t 0 .003429

B 0 .8 3 9 .5 3 7 , 0 0 0 / t 0 .003921

C 0 .5 5 5 . 8 2 4 , 7 0 0 / t 0 .003592

D 0 .3 0 3 . 4 1 3 , 5 0 0 / t 0.003715

A "M inera l igh t"  M o d e l  R-51 u l t r av io le t  lamp (Ul t rav io le t  

P ro d u c ts ,  I n c .  , San G a b r ie l ,  C a l i f . )  w a s  u sed  to v ie w  the
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8
paper  chromatogram and th in  l ay e r  chromatography (TLC) 

p l a t e s .

Paper  chromatography w a s  ca r r ied  ou t  in a square  g l a s s  

ja r  (60x30x30 cm) . and TLC w a s  car r ied  out in r e c t a n g u la r  

g l a s s  j a r s  (30x25x10 cm) .

Es t im at ion  of  D en a tu ra t ion

The method of Shack (12) w a s  u sed  to de termine  the  

p e rc e n ta g e  of d ena tu red  DNA in the  va r ious  s a m p le s .

This in v o lv e s  a b so r b a n c e  m e asu rem en ts  (at 260 mu) of 

" n a t iv e"  and h e a t  den a tu red  DNA in  e i th e r  a c o n s t a n t  s o lv e n t  

(0.01M NaCl) and a t  two te m p e ra tu re s  (0 and 22°C) or .  

a l t e r n a t iv e ly  ., a t  a c o n s t a n t  t em pera tu re  (room temperature)  

and in two d i f fe ren t  s o lv e n t s  ( 0 . 01M NaCl  and 0.01M N aCl  

plus  0.01M M g C ^ )  . The p e rc e n ta g e  of  dena tu red  DNA is  

then  c a l c u l a t e d  from

_.. 22_____ 0 x 100 and  ̂ Na Mg^u x  i o 0 , r e s p e c t i v e l y

(A22°  “ A0°^d (ANa “ AMg^d
_Here A, u ,  d ,  Na and  Mg re fe r  to a b s o r b a n c e ,  n a t iv e  s a m p l e ,  
den a tu red  s am p le ,  NaCl  s o l v e n t ,  and the  same s o lv e n t  p lus  
M g C lg ,  r e s p e c t i v e l y .

Base  C om pos i t ion

(i) Paper  Chromatography

The major  n u c l e i c  a c id  b a s e s  were  de termined by paper
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chromatography  a f te r  hyd ro lys is  with  12N HCIO^ following 

the  method of  Bendich (13). The p e rc en t  recovery  was  

de te rm ined  by apply ing  a known volume of c a l f  thymus DNA 

hy d ro ly sa te  to the  paper ,  deve lop ing  the  chromatogram and 

e lu t ing  the  sp o t  in the  u s u a l  manner .  The recovery  i s  then  

c a l c u l a t e d  by  compar ing  the  a b so r b a n c e  un i t s  (abso rbance  

u n i t s  = a b s o r b a n c e  x  volume in ml) a t  260 mu app l ied  to 

the pap e r  w i th  t h o s e  e lu ted  from the  p a p e r .  Base co m p o s i t io n  

r e s u l t s  w e re  c a l c u l a t e d  by the  d i f fe ren t ia l  ex t in c t io n  t e ch n i q u e  ..(13).

(ii) Bromination

The b a s e  com pos i t ion  of the  DNA in  terms of (G+C) c o n te n t  

w a s  a l s o  d e te rm in ed  by bromination u s ing  the  method of W ang  

and H a s h a g e n  (14). The DNA w a s  d i s s o l v e d  in  IN H 2SO4 by 

shak ing  g e n t ly  ove rn igh t  a t  room tem pera tu re  (Burrel s h a k e r ,  

s e t t in g  -  1). The so lu t ion  w a s  then  cen t r i fuged  in a c l i n i c a l  

cen t r i fuge  to  remove  any u n d i s so lv e d  DNA. Reaction mix tu res  

were  s e t  up  in  t e s t  tu b es  and the  c u v e t t e s  were  r in sed  and 

dried  in a d e s i c c a t o r  be tw een  d e te r m in a t io n s .

(iii) S im ul taneous  Spec tra l  D e te rm ina t ions

D e te rm ina t ion  of the  (G+C) c o n ten t  w as  a l s o  done 

a cco rd ing  to th e  method of Skidmore and  Duggan (15).
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us ing  re fe re n c e  s o lu t io n s  p repa red  from s tandard  d e o x y -  

nu c leo t id e  m o n o p h o s p h a t e s .  T hese  m easu rem en ts  w ere  

car r ied  ou t  u s in g  bo th  the  C ary  model 14 recording  s p e c t r o ­

photometer  and  the  Z e i s s  model  PMQ-II  s p ec t ro p h o to m ete r .  

From the  s p e c t r a  of the  r e f e re n c e  so lu t io n s  a c o n s t a n t  c an  

be c a l c u l a t e d  w h ic h  in  turn  i s  u sed  in  con junc t ion  wi th  

the  spec t rum  of  the  DNA to y ie ld  a b a s e  com posi t ion  in  

terms of (G+C) c o n t e n t .  This  c o n s t a n t ,  c a lc u la te d  a s  an  

a v e r ag e  of s e v e r a l  d e t e r m in a t io n s ,  a g re ed  with  the  v a lu e  

of 1.064 o b ta in e d  by Skidmore and Duggan (15).

(iv) M inor  Bases

The minor b a s e s  w ere  d e te rm ined  by paper  ch rom atography  

fo llowing the  p rocedu re  o u t l in e d  by Bendich  (13) but modifying  

the  sec o n d  s o lv e n t  a cc o rd in g  to D o sk o c i l  and Sormova (19). 

The DNA h y d ro ly s a te  w a s  s t r e a k e d  on W hatm an n o .  1 p a p e r  

and  the  pap e r  chromatogram w a s  d e v e lo p e d  for 24 hours  

with  i sop ropy l  a lco h o l :  HC1; w a te r  (65 :16 .7 :18 .3 ,  v / v ) .

The cham ber  w a s  s a tu r a t e d  w i th  the  sam e so lv e n t .  The 

c y to s in e  s t r e a k  (which a l s o  c o n ta in e d  6- MAP and 5-MC) 

w a s  c u t  ou t  and  e lu te d  w i th  w a te r  by le t t in g  i t  hang  from a 

trough in  a c l o s e d  ch rom atography  t a n k ,  s a tu ra ted  wi th  

w a te r  vapor .  The f i r s t  ml (which co n ta in ed  more than  98%
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of  the  b a s e s )  w a s  c o l l e c t e d ,  evap o ra ted  to d ry n e s s  under  

n i t r o g e n ,  and r e d i s s o lv e d  on 0 .0 4  ml of 0.1M HC1. This 

w a s  t h e n  ap p l i e d  to a s eco n d  s h e e t  of W hatman n o .  1 

p a p e r  and the  l a t t e r  w a s  d e v e lo p e d  for 24 hours  in 

n - b u t y l  a lco h o l :  w a tenam m onium  hydrox ide  (87:13:1, v / v ) .

The cham ber  w a s  s a tu r a te d  w i th  ammonia vapor .  Spots 

co r re sp o n d in g  to the  a b o v e  th ree  b a s e s  (as well  a s  b lanks) 

w ere  c u t  ou t  and e lu ted  w i th  0.1N HC1 (10 ml were  u sed  

for c y t o s i n e  and  5 ml w ere  u sed  for b lanks  and minor b a se s )  

by  sh ak in g  for 2 hours  a t  room t e m p e r a t u r e . By us ing  s tan d a rd  

b a s e s  i t  w a s  shown th a t  th e  above  th ree  b a s e s  could  be 

s e p a r a t e d  by th i s  p rocedure  provided  th a t  the  spo t  a p p l ied  

for th e  seco n d  chromatography  w a s  l e s s  than  5 mm in d ia m e te r .

After e lu t i o n ,  the  so lu t io n s  w e re  cen tr i fuged  in  a c l i n i c a l  

c e n t r i fu g e .  The s u p e r n a t a n t s  (excep t  for th o s e  con ta in in g  

cy to s in e )  w ere  ev ap o ra ted  to d r y n e s s  under  n i t rogen  and 

w ere  r e d i s s o l v e d  in 1 ml of 0 . IN HC1. The a b so r b a n c e  of 

t h e s e  so lu t io n s  w a s  de term ined  ove r  the  range  240-300  mu 

in  th e  C ary  reco rd ing  sp ec t ro p h o to m e te r .  The b a s e  c om pos i t ion  

w a s  de te rm ined  from the  a b s o r b a n c e  u s in g  the d i f fe ren t ia l  

e x t in c t i o n  method d e s c r ib e d  by Bendich (13).

In o rde r  to c a l c u l a t e  the  amount  of 6- MAP by th is  

m e thod ,  the  a b s o r b a n c e  of  a s tan d a rd  so lu t ion  (0.01 m g/m l
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in  0.1N HC1) w as  m easured  a t  267 and 290 mu. The d i f fe rence  

in  the  a b so r b a n c e  a t  t h e s e  two w a v e le n g th s  w as  0 .6 5 3  and 

th i s  v a lu e  w a s  u sed  for the  c a l c u l a t i o n s .  Minor b a s e  

c o n c e n t r a t io n s  w ere  c a lc u l a t e d  a s  p e rc e n t  of c y to s in e  

and app rop r ia te  co r rec t ions  were  made for the  dif feren t  

e lu t ing  volumes  u s e d .

Prior to dec id ing  on the  above  paper  chromatograph ic  

p ro c e d u re ,  va r ious  th in  l a y e r  ch rom atograph ic  p rocedures  

were  t r ied  in  an a t tem pt  to  d e v e lo p  a w orkable  s ep a ra t io n  

of c y t o s i n e ,  5 -M C ,  and 6-MAP.  This invo lved  p rocedures  

d e sc r ib e d  by Doskoci l  and Sormova (19) , Pataki (20), and 

Unger and  Venner (21).

Thermal D en a tu ra t ion  Profi le s

The DNA w as  d i s s o lv e d  in  s tanda rd  s a l i n e  c i t r a te  to a 

c o n ce n t ra t io n  of about  80 u g / m l .  The a b so r b a n c e  w as  

m easu red  a t  260 mu in the  Z e is s  spec t ropho tom ete r  equ ipped  

wi th  a H a ak e  c i rcu la t ing  b a th .  The a b so r b a n c e  w a s  m easu red  

a f te r  a 15 minute  eq u i l ib ra t ion  period  a t  e a c h  tem pera ture  

(the a d e q u a c y  of th i s  eq u i l ib ra t io n  per iod  w a s  ver i f ied  by 

a b s o r b a n c e  m easu rem en ts  a s  a func t ion  of  t i m e ) , and w a s  

co r rec ted  for the thermal e x p an s io n  of th e  s am p le .  T h i s  w as  

done by co rrec t ing  for the  volume e x p a n s io n  of w a te r
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(Handbook of C hem is t ry  and P h y s i c s , C hem ica l  Rubber C o . ) .  

The tem pera tu re  of the  sam p le  w a s  o b ta in e d  by c a l ib ra t in g  

the t em pera tu re  in the  c u v e t t e  v e r s u s  the  t em pe ra tu re  of 

the  b a th .  The tem pera tu re  drop b e tw ee n  the  b a th  and 

the  c u v e t t e  amounted  to ab o u t  0 . 2 ° C  a t  25°C (bath) and  

to ab o u t  6 . 0 ° C  a t  1 0 0 ° C (b a th ) . C are  w a s  taken  to h a v e  the  

b a th  a lw a y s  f i l led  to the  same he igh t  and  to have  the 

the rm om ete r  im mersed  to the  same d e p th .  After the  h e a t in g  

e x p e r im e n t ,  the  so lu t ion  w a s  a l low ed  to coo l  o v e rn ig h t  

w h i l e  in the  c e l l  h o ld e r ,  and the  a b s o r b a n c e  w a s  m e asu re d  

a g a in  the  fo llowing day  a t  th e  same w a v e le n g th .  The (G+C) 

c o n te n t  of the  DNA w a s  c a l c u l a t e d  from t h e s e  thermal  

d e n a tu r a t i o n  p ro f i le s  u s in g  the  e q u a t io n  of Marmur and  

Doty  (16), Tm = 6 9 .3  + 0.41 (G+C). Here Tm re fe r s  to the  

midpoin t  of the  t r a n s i t i o n  b e tw e e n  25°C  and 9 9 . 5 ° C ,  i . e .  

the  tem pera tu re  a t  w h ich  50% of  the  hype rchrom ic  e f f e c t  

i s  o b s e r v e d .

V isco s i ty

The DNA w a s  d i s s o l v e d  in  s t an d a rd  s a l i n e  c i t r a t e  to  a 

c o n c e n t r a t io n  of abou t  80 u g / m l .  V i s c o s i t i e s  w ere  m e asu re d  

in  C an n o n - U b b e lo h d e  Four Bulb Shear  D i lu t ion  v i s c o m e t e r  

in  a c o n s t a n t  t em pera tu re  b a th  a t  2 5 ° C .  The tem pe ra tu re
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w a s  c o n s t a n t  to  w i th in  + 0 . 0 5 ° C .  Nine  d e te rm in a t io n s  w ere  

made  for th e  outf low time of the  s o lv e n t  for e a c h  bu lb  and 

the  a v e r a g e s  were  u sed  in  th e  c a l c u l a t i o n s .  Outf low 

t im es  w ere  m easu red  wi th  a s to p w a tc h  to w i th in  + 0.1 s e c .

M inor  errors  due to v a r i a t i o n s  in  the  v e r t i c a l  a l ig n m e n t  

of  the  v i s c o m e te r  were  e s t i m a t e d  by m easu r ing  ou tf low  

t im es  w i th  th e  v i s co m e te r  t i l t e d  to a maximum in  i t s  h o ld e r .

I t  cou ld  be conc luded  from t h e s e  m easu re m e n ts  th a t  a l ig n m en t  

e rrors  w ere  n e g l ig ib le  in t h e s e  s t u d i e s .

The DNA so lu t io n s  and th e  s o lv e n t  were  c en t r i fuged  

to remove d u s t  and f i b e r s .  After an  exper im en t  the  v i s c o m e te r  

w a s  f i l l ed  wi th  c l ean in g  so lu t io n  and le f t  th a t  w ay  o v e rn ig h t .  

I t  w a s  th e n  w a sh e d  by s u c t io n  wi th  a b o u t  2 l i t e r s  of th ree  

t im e s  d i s t i l l e d  w a te r  and f in a l ly  o n c e  w i th  tw ic e  d i s t i l l e d  

a c e t o n e .

Ten ml of DNA so lu t ion  w e re  a l lo w ed  to e q u i l ib r a t e  in  

the  v i s c o m e te r  for 15 m in u te s .  Then the  outf low t ime for 

e a c h  of the  four bu lbs  w a s  d e te r m in e d .  The so lu t io n  w a s  

then  d i lu te d  w i th  5 ml of s o l v e n t ,  mixed by ap p ly ing  s l ig h t  

su c t io n  to the  r e s e rv o i r  tube  w h i l e  th e  third tube  (not the  

cap i l la ry )  w a s  c l o s e d ,  and  the  ou t f low  t imes  for the  four 

b u lb s  w e re  r e d e te rm in ed .  Three a d d i t io n a l  d i l u t i o n s ,  e a c h  

t ime w i th  5 ml of s o lv e n t ,  fo l lowed  by d e te rm ina t ion  of
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outf low t i m e s ,  w ere  performed in  a s im i la r  manner .

Since the  exper im en ts  involved  on ly  d i lu te  aqueous  

s o l u t i o n s ,  th e  d e n s i ty  w a s  a s s u m e d  c o n s t a n t  and the  

re l a t iv e  v i s c o s i t y  re )̂ w a s  taken  a s  the  ra t io  of the  

outf low time of the  so lu t ion  over t h a t  of the  so lv en t .  The 

s p e c i f i c  v i s c o s i t y  (^  ) e q u a l s  ^  re ] ~ l '  a v erage

ra te  of  s h e a r  (G, volume average) w a s  c a l c u l a t e d  from the  

maximum ra te  of s h ea r  a t  the  c ap i l l a ry  w a l l , suppl ied  by 

the  m an ufac tu re r ,  and the  outf low time of the  so lu t ion  

by us ing  the  fo llowing equat ion :

in g / m l , v e r s u s  c o n c e n t r a t io n .  The c o n ce n t r a t io n s  of th e  

DNA so lu t io n s  were  ob ta in ed  from the  a b so r b a n c e  a t  260 mu 

us ing  the  r e l a t io n s h ip

M o lec u la r  w e ig h ts  of the  DNA were  c a l c u l a t e d  from the  

in t r in s i c  v i s c o s i t y  us ing  the  graph o b ta in ed  by Eigner and 

Doty (18) .

maximum ra te  of sh ea r  
outf low time of  so lu t ion

The in t r i n s i c  v i s c o s i t y  Pi] w as  de termined by

ex t rap o la t in g  a p lo t  of 7^ s p / c where  c i s  the c o n ce n t ra t io n

mg/m l = a b so r b a n c e  260 x  0 -04  (17)
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RESULTS AND DISCUSSION

Est imat ion  of D enatura t ion

The p e rc en t  of d e n a tu r a te d  DNA in the o r ig ina l  s am p les  

w as  e s t i m a te d  us ing  the  method of Shack (12). The c o n c e n ­

t ra t io n  of the  DNA so lu t io n s  u sed  for t h e s e  exper im en ts  w as  

app rox im a te ly  20 u g /m l ,  g iv ing  an a b so r b a n c e  of about  

0 .5  a t  260 mu. Denatu red  DNA w as  ob ta in ed  by hea t ing  

the  DNA for 20 minutes  a t  95°C in t igh t ly  co v e red  tu b es  

fo llowed by rapid  coo l ing  in  ic e  w a te r .  In the  c a s e  of the  

N a C l - M g C ^  so lu t io n ,  the  a b so r b a n c e  w as  co r re c ted  for 

the  c h an g e  in  volume due to the  added MgClg s o lu t io n .

In a d d i t io n  to us ing  m a tched  c u v e t t e s , a l l  the  sam p les  

were  read  in the  same c u v e t t e .  The magni tude  of the  

d i f f e r en t ia l  a b so r b a n c e  read in g  for the  n a t iv e  sam p les  w as  

0 .0 0 1 - 0 .0 0 2 .  Since the  a c c u r a c y  of  an a b so r b a n c e  

m e asu re m e n t  in the Z e i s s  sp ec t ropho tom ete r  i s  of the  order 

of '+  0 . 001, the  r e s u l t s  are  c l e a r ly  w i th in  ex p e r im en ta l  error 

and the  DNA could  be c o n s id e re d  to be fully  n a t ive  in a ll  

c a s e s .

Base C om posi t ion

The b a s e  com pos i t ion  of the  DNA's as  de te rm ined  by paper

16
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chrom atography  i s  g iven  in Tab le  I .  The p e rc en t  reco v e ry  

w a s  m easu red  for a hydro lyzed  s am ple  of c a l f  thymus DNA 

and  w a s  a b o v e  90%. It can  be  s e e n  from Table  I th a t  the  

mole% of G e q u a l s  the  mole % of C wi th in  ex p e r im en ta l  

e r ro r .  This  i s  e x p e c te d  on th e  b a s i s  of the  W a t s o n  and 

C r ick  model for DNA. On th e  sam e  b a s i s  one  would  e x p e c t  

the  mole % of A to be e q u a l ,  w i th in  exper im en ta l  e rror,  to 

t h a t  of T. H ow ever ,  i t  c an  be  s e e n  from Table  I t h a t  th a t  

i s  no t  the  c a s e .  The d i s c r e p a n c y  b e tw een  the  amounts  of 

A and  T i s  too  g re a t  to be a c c o u n te d  for by the  smal l  re c o v e ry  

l o s s  or by the  smal l  amount of con tam in a t in g  RNA. The 

l a t t e r  would  o n ly  amount to a b o u t  + .1 mole %. This  l o s s  

of T h a s  a l s o  b e e n  repor ted  by W y a t t  (22,  23) and Jordan (24). 

This  i s  a s p e c i f i c  l o s s  of thymine  w h ich  o ccu r s  in  12N pe rch lo r ic  

a c id  so lu t io n s  when  th e  proportion of DNA to HCIO^ is  

2 .5  m g /0 .0 5  ml.  On the  a s s u m p t io n  th a t  T had indeed  

b e e n  l o s t  in th i s  f a s h io n  and th a t  o r ig in a l ly  the  amount 

of  T had b een  equal  to th a t  of A, th e  b a s e  com pos i t ion  w a s  

r e c a l c u l a t e d  by s e t t in g  the  number of moles  of T equa l  to 

the  number of m oles  of A. The (G+C) c o n ten t  c a l c u l a t e d  

in  th i s  manner  i s  g iven  in  Table  I I .  B ecause  of th i s  u n c e r t a in ty  

in the  amount of  T, i t  w a s  d e c id e d  to de te rm ine  the  b a s e  

co m p o s i t io n ,  or a t  l e a s t  the  (G+C) c o n te n t ,  by s ev e ra l  o th e r
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Table  I- Base Composi t ion  of the  DNA Obta ined  by Paper 
Chromatography

M ole  P e rcen t

Base B. l i c h . _B. X-l  B. p u m . Average

G uan ine 2 3 .7 9 + 0 .3 4 21.99+0.51 22 .13+0 .06 2 2 .6 4

Adenine 2 8 .8 5 + 0 .2 4 31. 47+0.. 48 30 .01+0.75 30.11

C y to s i n e  23 .55+0 .21 21 .32+ 0 .22 24 .02+1.02 2 2 .9 6

Thymine 23 .78+0 .12 2 5 .2 0 + 0 .2 6 23 .82+0.21 2 4 .2 7

B. FJW B. 10 B. 2184 Average

Guan ine 2 5 .4 7 + 0 .3 8 26 .65+ 0 .12 2 6 .7 0 + 0 .2 5 2 6 .2 7

Adenine 25 .86+0 .16 23.97+0.11 2 5 .0 2 + 0 .0 6 2 5 .2 8

C y to s i n e  25 . 77+0 . 22 2 7 . 8 2 + 0 . 9 8 2 7 .7 0 + 0 .2 7 27.10

Thymine 21.88+0 .03 21.54+0.81 2 0 .5 7 + 0 .0 3 21.33
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Tab le  II .  G uan ine  p lus  C y t o s i n e  Conten t  (mole%) of th e  DNA O b ta in ed  by Various M e th o d s  

O rgan ism  M ethod

Pap e r  ch rom atography  

u n c o r re c t ed  c o r re c t ed

S im ul taneous

C ary

s p e c t r a

Z e is s

Bromination Thermal
d e n a tu r a t i o n

p ro f i le s

Average

B. l i c h . 4 7 .3 45 . 3 4 8 .3 4 6 .9 4 8 .3 47 .0 47.  2

B. pum. 4 6 .2 4 3 .6 4 3 .9 4 5 .4 4 5 .7 45.1 4 5 .0

B. X-l 4 3 .3 4 0 .8 41.6 45.1 41.0 4 3 .2 41.9

Average 4 5 .6 4 3 .2 4 4 .6 4 4 .6 4 5 .0 45.1 4 4 .7

B. FJW 51.2 4 8 .9 • 5 2 .9 5 6 .0 5 6 .3 5 0 .9 52. 7

B. 10 5 4 .5 5 3 .3 5 4 .5 5 2 .3 5 3 .2 5 2 .8 5 3 .4

B. 2184 5 4 . 4 5 2 .2 51.1 51.4 51.2 5 2 .9 5 2 .2

Average 5 3 .4 51.5 5 2 .8 5 3 .2 5 3 .6 5 2 .2 5 2 .8
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m e t h o d s . For th i s  pu rpose  the  (G+C) co n ten t  of the  DNA 

w a s  de te rm ined  by bromination of the  DNA, by s im u l t a n e o u s  

s p e c t r a l  m e a s u r e m e n t s ,  and  from the  thermal d e n a tu r a t i o n  

p r o f i l e s .

Bromination w i th  N -b ro m o ace tam id e  i s  b a s e d  on the  

p r in c ip le  th a t  N -b ro m o ac e tam id e  r e a c t s  q u a n t i t a t iv e ly  w i th  

a l l  the  b a s e s  e x c e p t  a d en in e  (25,  26).  This r e a c t io n  l e a d s  

to the  d i s a p p e a r a n c e  of  the  a b s o r b a n c e  in  the  260 to 280 mu 

r e g io n .  A c o r rec t io n  for the  s l ig h t  amount of  Rayleigh 

s c a t t e r in g  i s  made  by m easu r ing  the  a b so r b a n c e  a t  360 mu.

The a b s o r b a n c i e s  a t  270 and 360 mu w ere  m easu red  before  

and  a f te r  b rom ina t ion ,  and the  p e r c e n t  a b so r b a n c e  rem a in ing  

a f t e r  brominat ion  w a s  c a l c u l a t e d  from the  fo llowing 

r e la t io n s h ip :

P e rcen t  a b s o r b a n c e  _ (^-270 A36p)a x  100

rem ain ing  <A270 " A360}b
w here  the  s u b s c r i p t  a and b re fe r  to  the  so lu t io n s  a f t e r  and  before  
b rominat ion  r e s p e c t i v e l y .

The mole p e rc e n t  of (A+T) a n d ,  h e n c e ,  of (G+C) w a s  o b ta in e d  

from the  p e rc en t  a b so r b a n c e  rem ain ing  a f te r  b rom inat ion  by 

re ferr ing  to the  s tan d a rd  curve  c o n s t r u c t e d  by W ang  and  H a s h a g e n  (14). 

These  r e s u l t s  a re  l i s t e d  in  Table  I I .  The (G+C) c o n te n t  i s  

g e n e ra l ly  in  good a g re em e n t  w i th  t h a t  ob ta ined  from p ap er  

c h ro m a to g ra p h y .

For th e  s im u l t a n eo u s  sp e c t r a l  d e te r m in a t io n s ,  th e  DNA
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w a s  hyd ro lyzed  in  IN p e rc h lo r ic  ac id  and the  a b so rp t io n  

spec trum  de te rm ined  w i th  th e  Cary  reco rd ing  s p ec t ro p h o to m ete r  

over  th e  w a v e le n g th  range  240-310 mu. The a b s o r b a n c e  a t  

s p e c i f i c  w a v e le n g th s  w a s  o b ta in ed  from th i s  a b so rp t io n  

sp ec t ru m .  T h ese  d a t a ,  in con junc t ion  w i th  the  c o n s t a n t  

(1.064) o b ta in e d  from m easu re m e n ts  of s t a n d a rd  so lu t io n s  

of d e o x y r ib o n u c leo t id e  m o n o p h o s p h a te s ,  a l lo w ed  a d e t e r ­

mina t ion  of th e  mole % of  (A+T). The r e l a t i o n s h ip  i s  the  

following:

mole % (A+T) -  ^ 2- 4 -  Aggg)  x  1 .064 x  100
273

The major p ro d u c ts  of the  h y d ro ly s i s  w i th  IN HCIO^ are  

f ree  p u r in e s  and  i n t a c t  pyr im id ine  d e o x y n u c le o t id e s  (14).

H ow ever ,  the  s tanda rd  s o lu t io n s  and th e  s a m p le s  were  

t r e a te d  in an  i d e n t i c a l  m anner  to c o m p e n s a te  for the  unequal  

hy d ro ly s i s  of purine  and pyrimid ine  n u c l e o t i d e s .  The (G+C) 

c o n te n t  c a l c u l a t e d  from th e  above  eq u a t io n  i s  l i s t e d  in  Table  I I .  

Because  th e  t r a c in g s  from th e  Cary  sp ec t ro p h o to m e te r  

exh ib i ted  a fa i r  amount of background  n o i s e  (the in s t rum en t  

w a s  s e t  for a v e r a g e  u s e  r a th e r  than for maximum s e n s i t i v i t y ,  

i t  w a s  d e c id e d  to perform th e  same a b s o r b a n c e  m easu rem en ts  

a t  th e  th re e  s p e c i f i c  w a v e l e n g th s  u s in g  th e  Z e i s s  s p e c t r o ­

p h o to m e te r .

A f ina l  e s t i m a te  of the  (G+C) c o n ten t  of the  DNA w a s
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ob ta in ed  from th e  thermal d e n a tu ra t io n  p rof i les  (see  b e l o w ) .

It has  b een  s t a t e d  e a r l i e r  t h a t  Marmur and Doty (16) have

shown th a t  the  T c a n  be r e l a t e d  to the (G+C) c o n ten t  m

of the  DNA. The e q u a t io n  der ived  by them holds  on ly  for 

DNA s o lu t io n s  made up in  s tanda rd  s a l i n e  c i t r a t e .  In the  

p re s e n t  e x p e r im e n t s ,  thermal d e n a tu ra t io n  p rof i les  were  

ob ta in ed  on DNA d i s s o lv e d  in s tanda rd  s a l i n e  c i t r a t e  and 

h en ce  th e  (G+C) c o n te n t  could  be c a l c u l a t e d  from the  

equa t io n  of Marmur and Doty .  T hese  v a lu e s  are g iven  

in Table  II and they  a g a in  ag ree  w i th  th o se  o b ta in ed  by 

a l l  the  o th e r  methods  .

I t  c a n  be s e e n  from Table  II th a t  the  b a s e  com pos i t ion  

i s  d i f fe ren t  for the  DNA from the the rm ophi le s  and the  DNA 

from th e  m e s o p h i l e s . There i s  a de f in i te  sh i f t  in  the  (G+C) 

and the  (A+T) c o n te n t .  For the  th e rm o p h i le s ,  the  (G+C) 

co n ten t  i s  h ighe r  and the  (A+T) c o n ten t  i s  lower than  is  the  

c a s e  for the  m e s o p h i l e s .  I t  shou ld  be noted  th a t  the  v a r ia t io n s  

in the  (G+C) c o n te n t  from one method to an o th e r  are 

r e l a t i v e ly  sm al l  and a re  much l e s s  than  the  d i f f e r en ces  

b e tw ee n  the  m e so p h i l e s  and the t h e rm o p h i l e s .  The v a r ia t io n s  

b e tw ee n  in d iv id u a l  methods  are  s im i la r  to th o s e  repor ted  

for o th e r  DNA's (16). There i s  thus  a s ig n i f i c a n t  d i f f e rence  

in the  b a s e  co m p o s i t io n  of the  DNA from m eso p h i l i c  and
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and thermophi l ic  s t r a in s  of B a c i l l u s . Since in the  W a t s o n  

and  C r ick  s t ruc tu re  for DNA, a G and C pair  c o n t r ib u te s  

th ree  hydrogen bonds  whi le  an  A and T pair  co n t r ib u te s  

two such  b o n d s ,  i t  i s  a p p a ren t  t h a t  the  DNA of the  the rm oph i le s  

h a s  a b a s e  com pos i t ion  tha t  would  a l low  it  to form a much 

more s t a b l e  s t ruc tu re  b e c a u s e  of more e x t e n s iv e  hydrogen  

bond ing .  Fur ther e v id e n c e  for th i s  c onc lus ion  com es  

from the  thermal den a tu ra t io n  p r o f i l e s .

The s t a b i l i ty  of the  DNA could  a l s o  be a f fec ted  by the  

p r e s e n c e  of m e thy la ted  b a s e s . I t  h a s  b e e n  s u g g e s t e d ,  for 

e x am p le ,  th a t  5 -M C  i n c r e a s e s  the  s t a b i l i ty  of DNA b e c a u s e  

of i t s  a b i l i ty  to form th ree  hydrogen  bonds  (26) . On the  

o the r  h an d ,  6-MAP would l e a d  to a d e c r e a s e  in s t a b i l i t y  

b e c a u s e  of the  s t r a in ed  s t ruc tu re  th a t  would r e s u l t  from 

i t s  in co rpora t ion  in  the  DNA m olecu le  (26). B ecause  of 

t h e s e  r e a s o n s  i t  w a s  of i n t e r e s t  to de termine  the  minor 

b a s e s  in the  ab o v e  DNA s a m p l e s .

Preliminary exper im en ts  invo lved  a t tem p ts  to  s e p a r a t e  

C ,  5 - M C ,  and 6-MAP on p a p e r .  The Rj v a lu es  were  

de te rm ined  and  a re  g iven  in Table  III .  Because  of the  i n ­

c r e a s e d  s e n s i t i v i t y  of  TLC, v a r ious  p rocedures  w ere  u s e d  

w i th  c e l l u l o s e  a s  the  s t a t io n a r y  p h a s e  but the  s e p a r a t i o n s  

were  no t  s a t i s f a c to r y  even  w i th  2 d im ens iona l  ch rom a tog raphy .
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T a b l e  III. V a l u e s  for  M a j o r  a n d  M i n o r  B a s e s

Base W hatm an  n o . l TLC (PEI - C e l lu lo se )

A B C D E F G

Adenine .36 ----- ----- .54 .44 .60 .32

Guanine  .25 ----- ----- .45 .13 .38 .42

C y to s i n e  . 47 .35 .25 .71

CO .63 .73

Thymine .77 ----- ----- .93 .56 .73 .62

5-M C  .55 .43 .35 .78 .57 .72 .66

6-MAP .49 .45 .55 .72 .62 .77 .30

Solvent Sys tem s  Used :

A. Isopropyl  A lcoho l :H C l :w ate r  (6 8 :16 .7 :18 .3 ,  v /v )

B. n -Buty l A lcoho l :0 .1M NH4OH (6:1, v /v )

C .  n -Buty l A lco h o l :w a te r : co n c e n t ra ted  NH4OH 
(87:13:1, v /v )

D .  Isopropyl  A1 cohoi :HC1:wate r  ( 6 0 :2 0 .5 : 1 9 .5 ,  v /v )

E. I sobu ty l  A lcoh o l :co n cen t ra ted  N H 4OH (90:15, v /v )

F. n -P ropy l  A lcoh o l :co n cen t ra ted  N H ^O H iw ate r
(6:3:1, v /v )

G.  Isopropy l  Alcohol s a t u r a t e d  Ammonium Sulfate:  
w a te r  (2:79:19, v /v)
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M oreover ,  the  amount of minor  b a s e  which  might be r e c o v e re d  

would  be so  smal l  t h a t  i t  would  h av e  b een  very  d i f f icu l t  

to m e asu re  i t  a c c u r a t e ly  e v e n  in semimicro c u v e t t e s .

B ecause  of t h e s e  d i f f i cu l t i e s  i t  w a s  d e c id e d  to u s e  the  

paper  ch rom atograph ic  a p p ro a c h .

It  w a s  found th a t  minor b a s e s  w e re  p re sen t  on ly  to  a 

ve ry  sm al l  e x te n t  amounting a t  the  m os t  to abou t  0,  3% 

of  C (Table IV). M oreover ,  on ly  one  minor b a s e  cou ld  be 

d e t e c t e d ,  nam ely  6-MAP and  no 5 -M C  was  d e t e c t e d .

A h y d ro ly s a te  of  abou t  8-10 mg w a s  requ ired  in  o rder  to 

s e e  a sp o t  of 6-MAP. In many c a s e s ,  l e s s  DNA w a s  

a v a i l a b l e ,  and h en ce  the  sp o t  co r re sp o n d in g  to 6-MAP 

cou ld  no t  be v i s u a l i z e d  under  UV l ig h t .  However the  

" s p o t s "  w e re  c u t  by r e fe re n ce  to s tan d a rd  minor b a s e s  

w h ich  w e re  run a long wi th  th e  s am ple  a s  m arke rs .  There 

w a s  no s ig n i f i c a n t  d i f f e rence  b e tw e e n  the  6-MAP c o n te n t  

of the  DNA from the  m e so p h i l e s  and the  th e rm o p h i le s .

B es ides  , the  amounts  were  so sm al l  t h a t  i t  a p p e a r s  

th a t  m e th y la ted  b a s e s  are  o f  l i t t l e  c o n s e q u e n c e  for the  

phenomenon  of the rm ophi ly .

Thermal D e n a tu r a t io n  Profiles  

P lo ts  o f  the  r e l a t iv e  a b s o r b a n c e  (the a b so r b a n c e
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T a b l e  IV.  M i n o r  B a s e  C o n t e n t  o f  t h e  DNA

Organism Base  Mole  Percen t

B. l ichen i fo rm is  C 9 9 .6 6
6-MAP 0 .3 4

B. pumilus  C 99 .92
6-MAP 0 .08

B. X-l C 9 9 .90
6-MAP 0.10

B. FJW C 9 9 .7 4
6-MAP 0 .26

B. 10 C 99 .79
6- MAP 0.21

B. 2184 C 9 9 .98
6 -MAP 0 .02
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a t  260 mu of the  h e a t e d  sam ple ,  c o r rec ted  for thermal

e x p a n s io n ,  d iv ided  by the a b so r b a n c e  of the  sample  a t

25°C) v e r s u s  the  tempera ture  a f te r  the  sample  ha s  r e a c h e d

tem pera tu re  equ i l ib r ium are  shown in  F igures  1 , 2 .  In

a ll  c a s e s  a s igmoid type  curve w as  o b ta in ed  which  showed

a sharp  r i s e  a s  dena tu ra t ion  com m enced .  The s t e e p n e s s

of th i s  hyperchrom ic  r i s e  is  fu r ther  e v id e n c e  for the

e s s e n t i a l l y  n a t iv e  s t a t e  of the  o r ig ina l  DNA and for the

a b s e n c e  of s ig n i f i c a n t  amounts  of con tam in a t in g  RNA.

The hyperchrom ic  ch an g e  in a b s o r b a n c e  w a s  not due  to

sp o n ta n e o u s  or enzy m a t ic  hy d ro ly s i s  of the  DNA s i n c e ,

upon c o o l in g ,  th e  e f f e c t  could be  r e v e r s e d  in  a l l  c a s e s .

After 24 hours  abou t  90% of the  hypochromic  e f fec t  had been

r e s t o r e d .  The T v a lu e s  compare w e l l  w i th  o ther  T„, m m

v a lu e s  repor ted  in  the  l i t e ra tu re :  8 7 . 5 - 8 8 ° C  for a s t r a in  of

B. s t ea ro the rm oph i lu s  (8 , 16), 8 8 .5 ° C  for B. l ichen i fo rm is

(NRS-243) (16), 8 5 . 5°C for B. pumilus  (NRS-236) (16), and

the  Tm v a lu e  for o the r  s t ra in s  of Bac il lus  (16). All runs

were  performed in d u p l i c a te  and the  T v a lu e s  were
m

rep ro d u c ib le  to w i th in  0.  5°C .

The c o r re la t io n  b e tw een  the  melt ing  ou t  tem p e ra tu res  

and  the  maximum growth tem pera tu res  of  the  o rg an ism s  (5) 

i s  shown in  Figure  3.  Very s im ila r  r e s u l t s  p e r ta in ing  to
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T a b l e  V.  T h e rm a l  D e n a t u r a t i o n  P r o f i l e s

Organism Tm Recovery of Maximum Growth
Hypochromic  Tempera ture  of the  

(°C) Effect  (%) Organ ism (°C)

B. l i c h . 8 8 . 6 + 0 . 4 8 7 .9 57

_B. p u m . 8 7 . 8 + 0 . 0 9 0 .6 51

B. X-l 8 7 . 0 + 0 . 3 8 5 .9 55

Average for 8 7 .8  
M e s o p h i l e s

88.1 54

FJW 9 0 . 2+ 0 .2 8 9 .5 71

_B. 10 9 1 .0+ 0 .05 8 8 .5 75

JB. 2184 91 .0 + 0 .0 2 91.1 78

Average for 9 0 .7  
Thermophi les

8 9 .7 75
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Figure  1. Thermal D en a tu ra t io n  Prof i les  of the  M e s o p h i l i c  DNA 

a . _B. pumilus

b .  B. s p . X-l

c .  B. l ichen i fo rm is

29

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



Re
la
ti
ve
1 a
bs
or
ba
nc
e 

(A
°/
A^
. 

at 
260
 
mu
)

1.36

1.32

1.28

1.08

1.00
20 100

Temperature

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



'■ ' /

l.U o

1.36

1.28

1.20

% 1.16

•H

<3 1.12

1.00

kO $o 6020 8030 100

Temperature

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



1.36

1.32

1.28

1.2U

1 .20

1.16

•rl

1.12

1.08

1.0U

1.00
60 80So 70 90 100

Temperature

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



Figure 2. Thermal D en a tu ra t ion  Profi le s  of the  Thermophi lic  DNA

a .  J3. s tea ro th e rm o p h i lu s  FJW

b.  B. s tea ro the rm oph i lu s  10

c .  B. s tea ro the rm oph i lu s  2184

33
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Figure  3 . Corre la t ion  be tw een  the Tm v a lu e s  and the

maximum growth tem pera tu res  of the  o r g a n i s m s . 

6 , m esoph i l ic  s t r a i n s ;&  , t h e r m o p h i l i c  s t r a i n s .  

See Table V.
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b a s e  c o m p o s i t io n ,  and co r re la t ion  of with  growth 

tem pera tu re  have  b e e n  o b ta in ed  in  our  l ab o ra to ry  for the  

r ibosomal  RNA from t h e s e  sam e s ix  s t r a in s  of  Bac i l lus  (6) .

V iscos i ty

Plots  of l / ^ Sp v e r s u s  r a t e  of s h ea r  a re  shown in 

Figures  4 , 5 .  There  a p p e a r s  to be no s ig n i f i c a n t  d i f f e r en ce  

b e tw een  the  r e s u l t s  o b ta in e d  for the  m e so p h i l e s  and th o s e  

ob ta in ed  for th e  th e rm o p h i l e s .  Thus the  d e p e n d e n c e  of 

v i s c o s i t y  on r a t e  of s h e a r  i s  e s s e n t i a l l y  th e  same for the  

DNA from a l l  s i x  p r e p a r a t i o n s .  This i n d i c a t e s  th a t  t h e s e  

DNA's do no t  d i f fe r  g r e a t ly  in  the  ove ra l l  asym m etry  of 

the  m o le c u le .  T h i s  m us t  be  the  c a s e  s i n c e  g e n e r a l ly  the  

more a sy m m etr ic  a m o le c u le  i s ,  the  g re a te r  would  be the  

d e p en d e n c e  of th e  v i s c o s i t y  on the  ra te  of  s h e a r .  The 

above  c o n c lu s io n  i s  e s p e c i a l l y  va l id  s in c e  the  m o lecu la r  

w e igh t  of  the  DNA p re p a ra t io n s  w ere  g e n e r a l ly  of the  sam e 

order of magn i tude  (Table VI).

The e x t r a p o la t io n  o f  the  v i s c o s i t i e s  a t  zero  ra te  of  

s h e a r  to in f in i t e  d i lu t io n  i s  shown in  F igures  6 , 7 .  The 

co n ce n t ra t io n  d e p e n d e n c e  i s  fa i r ly  s im i la r  for the  DNA from 

the  three  m e s o p h i l e s  b u t  v a r i e s  much more in  the  c a s e  of 

the  DNA from th e  t h e r m o p h i l e s .  Both the  maximum (B.
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Figure 4* D e p e n d e n c e  of the  V iscos i ty  on the  Rate of Shear 

for the  M e s o p h i l i c  DNA

a . _B. pumilus

b.  B. s p .  X-l

c .  B. l ichen i fo rm is
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Figure  5. D e p e n d e n c e  of the  V isco s i ty  on th e  Rate of Shear 

for the  Thermophil ic  DNA

a . B_. s t ea ro the rm oph i lu s  FJW

b .  jN_ s tea ro the rm oph i lu s  10

c .  B. s t ea ro the rm oph i lu s  2184
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T a b le  VI V i s c o s i t y

Organism M l  M o lec u la r  W eigh t  (R^) ^
m l /g  (x 10 ) (A)

B. l i c h .  4 .7 0  8 . 0  5650

B. pum. 5 .9 4  12.0  6800

B. X-l  6 .6 0  15.0 7800

B. FJW 6.31 13.0 7320

B. 10 6.15 12.5 7150

B. 2184 2 .5 6  3 . 7  3560
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F ig u r e  6 D ep en d e n ce  of V iscos i ty  on C o n ce n t ra t io n  for 

the  M e s o p h i l i c  DNA

a . J3. pumilus

b .  JB, sjd_, X-l

c . B. l ichen iformis
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F ig u r e  7. D e p en d en ce  of V i s c o s i ty  on C o n ce n t ra t io n  for 

the  Thermophi lic  DNA

a .  B. s tea ro th e rm o p h i lu s  FTW

b.  B. s te a ro th e rm o p h i lu s  10

c .  JB. s te a ro th e rm o p h i lu s  2184
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s tea ro th e rm o p h i lu s  2184) and the minimum (B. s te a ro th e rm o p h i lu s  

FJW) d e p en d e n c e  on c o n ce n t r a t io n  w ere  e x h ib i ted  by DNA 

p rep a ra t io n s  from th e r m o p h i l e s . This i n d i c a t e s  a g re a te r  

v a r i a b i l i t y  in the  in t e r a c t i o n s  be tw een  DNA m o le c u le s  

from th e rm oph i le s  than  b e tw ee n  t h o s e  from m e s o p h i l e s .

The ex t rap o la ted  v a lu e  of the  i n t r i n s i c  v i s c o s i t y  (at

zero  ra te  of s h e a r  and zero  concen t ra t ion )  i s  abou t  5 -7  m l /g

(Table VI) w hich  i s  w e l l  w i th in  the  range  found by o the r

w o rk e rs  for b a c te r i a l  DNA (16). The m o lecu la r  w e ig h t s

o b ta in e d  from t h e s e  v a lu e s  a re  very  s im i la r  w i th  the  e x c e p t io n

of  th e  DNA of B. s t e a ro th e rm o p h i lu s  2184. For some r e a s o n

th i s  DNA had a p p a ren t ly  b e e n  more d eg raded  dur ing  the

i s o l a t i o n .  The m o lecu la r  w e ig h t s  a re  of th e  o rder  of 10 x  

6 .
10 (Table VI) w h ich  i s  in  a g re em e n t  wi th  m o le c u la r  w e ig h t s  

of  o th e r  DNA's (16). Thus the  method of i s o l a t i o n  d e v e lo p e d  

in  th i s  l abo ra to ry  by S te n e sh  and Snyder  (27) y i e l d s  h igh 

m o le c u la r  w e ig h t  DNA w h ich  i s  e s s e n t i a l l y  fu l ly  n a t i v e .

There  w a s  no co r re la t ion  b e tw ee n  th e  m o le c u la r  w e ig h t  

of  th e  DNA i s o l a t e d  and  the  thermal  s t a b i l i t y  of the  o rg a n i s m .

I t  h a s  b e en  po in ted  ou t  (29) t h a t  a sy s te m  of s t i f f  

c o i l s  probably  b e s t  ap p ro x im a te s  the  sh a p e  of the  DNA 

m o lecu le  in so lu tion .  The roo t  mean square  end to end 

d i s t a n c e  of s u ch  a m o lecu le  can  be c a l c u l a t e d  from the 

F lo ry -F o x  equa t ion  (28) and i s  in  turn  a n o th e r  m easu re
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of  the  asym m etry  of th e  m o le c u le .  The roo t  m ean  square

—2 1/2
end to end d i s t a n c e  (R ) ha s  b een  c a l c u l a t e d  for the  

s ix  DNA p rep a ra t io n s  and i s  shown in Table  VI. W i th  the 

e x c e p t io n  of B>. l i chen fo rm is  and B. s t ea ro th e rm o p h i lu s  

2184, the  v a l u e s  a re  r a th e r  c o m p arab le .  This  a g a in  shows  

th a t  in  ove ra l l  s i z e  and s h a p e  t h e s e  DNA m o le c u le s  are  

very  s im i la r .
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SUMMARY

The deoxyr ibonuc le ic  ac id  from s ix  s t r a in s  of Bac i l lus  

h a s  b e e n  s tu d ie d .  Three of t h e s e  were  m eso p h i l i c  s t r a in s :  

J3. l i chen i fo rm is  (NRS 243) , _B. pumilus (NRS 236),  and B. 

s p . (X-l); and th ree  w ere  thermophi l ic  s t r a in s :  _B. s t e a r o ­

thermophi lus  2184, J3. s tea ro the rm ophi lus  10, andJ3 .  

s tea ro the rm oph i lu s  FJW. W i th in  exper im enta l  e r ror ,  the  

DNA's were  fu lly  n a t i v e .

Determinat ion  of the  b a s e  composi t ion  in  te rms of the  

four major b a s e s  w a s  ca r r ied  ou t  by paper  ch rom atography ,  

s im u l taneous  s p ec t r a l  d e t e r m i n a t i o n s , bromination  with  

N -b r o m o a c e t a m id e , and  from thermal dena tu ra t ion  p ro f i l e s .  

T h ese  s tu d ie s  showed th a t  th e  DNA from the  the rm oph i le s  

had a h igher guan ine  p lus  c y to s i n e  con ten t  than  the  DNA 

from the  m e so p h i l e s .

The thermal d e n a tu ra t io n  prof i les  showed a g re a te r  

thermal s t a b i l i ty  for the  DNA of the  the rm ophi les  compared  

to  the  DNA from the  m e s o p h i l e s .

The molecu lar  w e ig h t s  and  the  root mean sq u a re  end to 

end d i s t a n c e s  of the  DNA's w ere  de termined from v i s c o s i t y  

m easu rem en ts  and no s ig n i f i c a n t  d i f f e r en ces  w ere  found 

b e tw ee n  the  DNA's from the  two ty p es  of b a c t e r i a .

A de te rm ina t ion  of minor b a s e s  showed th a t  6-m e th y l -

aminopur ine  w a s  p r e s e n t  in  am ounts  l e s s  than  0 .3 %  of

59
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the  c y to s i n e  in a l l  the  s t r a in s  and  th a t  5 - m e th y lc y to s in e  

cou ld  no t  be d e t e c t e d  in  any of the  s t r a i n s .
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