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pur ina t ion ;  this  in t u rn  causes scission of t he  phosphodi -  
ester  backbone  7 leading to lower s ed imen ta t i on  coeffi- 
cients.  Hea t ing  of the  modif ied  D N A  results  1. in fu r ther  
depur ina t ion  and hence  fu r ther  scission and  2. in separa-  
t ion of the  s t r ands  and therefore  the  unmask ing  of addi-  
t ional  ' h idden '  (single-chain) breaks  t h a t  previous ly  were 
stabi l ized (i. e. hidden)  by  the  doub le - s t r anded  s t ructure .  
These effects cause a fu r ther  reduc t ion  in s ed imen ta t ion  
coefficient  (Table). The control  DNA,  on the  o ther  hand,  
does no t  show this  p ronounced  decrease in s ed imen ta t ion  
coefficient  upon the rma l  dena tu ra t ion .  

Addi t iona l  expe r imen t s  revealed t h a t  exposure  of de- 
oxyguanos ine  to  these  subs tances  resul ted  in the  fo rmat ion  
of a p roduc t  wi th  ch romatograph ic  and  spect ra l  proper t ies  
s imilar  to those  of 7 -methyldeoxyguanos ine .  These find- 

Effects of phosphoric acid esters on the properties of DNA 

ings s u p p o r t  the  above pos tu la ted  m e c h a n i s m  of act ion in 
which a lkyla t ion of D N A i s  the  first  s tep  in the  degrada-  
t ive  process,  t h e y  are also in accord wi th  the  known alkyl- 
s t i ng  po ten t i a l  of these  subs tances  (see refs. 1 andS). 

In  view of the  es tabl ished re la t ionship  be tween  the  
abi l i ty  of a subs tance  to react  wi th  D N A  and  its po ten t i a l  
to  induce  de t r imen ta l  effects (mutat ions ,  carcinogenesis  
and teratogenesis)  and  because of widespread  h u m a n  ex- 
posure  to  the  agents  s tudied,  ways  to e l iminate  h u m a n  
con tac t  w i th  these  subs tances  should be sought  s. 

Rdsumd. L 'add i t i on  de phospha t e  t r im6thyl ,  <<dichlor- 
vos~ (0, 0-dimethyl-2,  2, d ichlorovinyl  phospha te )  et  du 
<~ dipt6rex ~> (0, 0-dimethyl-2,  2, 2-trichloro- 1 -hydroxye thy l  
phosphona te )  h du D N A  provoque  la d6grada t ion  de ce t te  
macromol~cule.  La r6action semble ~tre due ~ une alkyl-  
a t ion du r6sidu de guanine du DNA. Ces observa t ions  
p e u v e n t  fournir  une expl icat ion chimique  aux effets bio- 
logiques de ces substances .  

Additions Sedimentation coefficients (s) 
Before heating After heating 

None 18.4 17.5 
Dipterex 11.2 7.4 
DDVP 15.7 9.1 
Trimethylphosphate 15.7 10.3 
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To 1 ml of calf thymus DNA (1 mg per ml of 0.015 M NaC1 in 0,01 M 
phosphate buffer, pH 7.0) either 1 ~xl of DDVP, 1 [xl of trimethyl- 
phosphate or 100 tzg dipterex were added. The mixtures were 
incubated at 56~ for 42 h whereupon DNA was precipitated with 
ethanol, the insoluble fibers washed extensively with ethanol and the 
DNA redissolved in 0.15M NaC1. Portions of the specimens were 
placed in a boiling water bath for 10 rain. and then immersed into an 
ice-bath. Sedimentation coefficients were determined in a Spinco 
Model E analytical ultracentifuge equipped with an ultraviolet 
optical system. 
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Fluorescence of the Soluble 'Sweet-Sensit ive'  Protein Complexes with Sugars 

The in te rac t ion  of a ' sweet -sens i t ive '  p ro te in  wi th  su- 
gars and sacchar in  was originally s tudied  by  the  m e t h o d  
of difference spec t roscopy  1. Changes  in opt ical  dens i ty  
upon t i t r a t ion  wi th  various concen t ra t ions  of d i f fe ren t  su- 
gars were recorded at  277 nm, the  u l t rav io le t  m a x i m u m  of 
the  p ro te in  using a t a n d e m  double  c o m p a r t e m e n t  tech- 
nique 3. The UV-absorp t ion  spec t ra  of p ro te ins  is main ly  
due to  the i r  con ten t  of the  a romat ic  amino  acid tyrosine,  
t r y p t o p h a n  and, to a lesser ex ten t ,  pheny la lan ine  a. The 
region 278-281 n m  is charac ter i s t ica l ly  the  m a x i m u m  peak 
area 4. 

The f luorescence of pro te ins  or iginates  a lmos t  ent i re ly  
f rom the  ty rosy l  and t r y p t o p h e n y l  residues.  Consequent ly ,  
conformat iona l  modif ica t ions  can be followed by  observing 
changes  in e i ther  ty ros ine  or t r y p t o p h a n  f luorescence in- 
tens i ty .  This s tudy  of the  f luorescence of the  ' sweet-sensi-  
t ive '  p ro te in  and its sugar complexes  was unde r t aken  be- 
cause of t he  known sens i t iv i ty  of t he  emission of the  aro- 
ma t ic  chromophores .  

Materials and methods. The ' sweet -sens i t ive '  p ro te in  was 
ex t r ac t ed  f rom ep i the l ium of cow and  dog tongues  b y  the  
m e t h o d  previous ly  descr ibed 1, 5 w i th  the  following excep- 
t ions:  1. the  75,000 • g or 105,000 • g s u p e r n a t a n t  was no t  
subjec ted  to a m m o n i u m  sulfate b u t  was f rac t iona ted  by  

the  u l t raf i l t ra t ion  in an Amicon cell wi th  a ])iaflow mem-  
.brane of r e t en t ion  of molecular  weights  100,000 and up:  
2. the  r e t en t a t e  f rom ul t raf i l t ra t ion  was sub jec ted  to cat ion 
exchange  on Bio-Rex  63 resin (control  No. 7429) and  the  
p ro te in  e luted wi th  1.0 M sodium b ica rbona te - sod ium car- 
bona te  buffer  p H  10.0 plus 1M NaC1. The pro te in  was  
d i a l y z e d  in the  u l t raf i l t ra t ion  cell unt i l  equi l ibr ium to 
0.1 N sodium p h o s p h a t e  buffer  p H  7.0 was achieved.  

Emiss ion  spec t ra  were measured  wi th  an i n s t r u m e n t  
buil t  in the  l abora to ry  6. Optical  dens i ty  (OD) recordings  
were m a d e  on a Cary 15 recording spec t ropho tomete r .  In  
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gene ra l ,  a l l  s o l u t i o n s  h a d  a n  O D  less  t h a n  0.10. R e l a t i v e  
q u a n t u m  y i e l d s  a t  25 ~ w e r e  c a l c u l a t e d  b y  t h e  r e l a t i o n  : 

E m i s s i o n  A r e a  s t a n d a r d  

~ = E m i s s i o n  A r e a  s a m p l e  

O D  s t a n d a r d  
• 0.208 or  0.21 

O D  s a m p l e  

T h e  p r o t e i n  f r o m  d o g  t o n g u e s  (D-13) as  we l l  a s  f r o m  
c o w  t o n g u e s  w a s  e x c i t e d  a t  270, 280 a n d  295 n m  a n d  i t s  
e m i s s i o n  s p e c t r a  r e c o r d e d .  T h e  q u a n t u m  y i e l d  w a s  g r e a t -  
e s t  a t  e x c i t a t i o n  of  280 n m  w i t h  a p e a k  m a x i m u m  a t  330. 
A n  e x p e r i m e n t  c o n s i s t e d  of  d i s p e n s i n g  2 m l  of  d i l u t e d  p r o -  
t e i n  in  0 . 1 M  s o d i u m  p h o s p h a t e  b u f f e r  p H  7.1 i n t o  2 se-  
p a r a t e  c u v e t t e s  r e c o r d i n g  t h e  e m i s s i o n  s p e c t r a  a n d  t h e n  
t h e  OD.  N e x t ,  one  of  t h e  c u v e t t e s  w o u l d  be  t i t r a t e d  w i t h  
s u g a r  in  a b u f f e r  a n d  t h e  o t h e r  a n  e q u i v a l e n t  a m o u n t  of  
b u f f e r  o n l y  7. 

Results and discussion. T h e  e m i s s i o n  s p e c t r a  of  t h e  p r o -  
t e i n  f r o m  d o g  t o n g u e s  a n d  t h e  c o m p l e x  w i t h  0 . 0 9 5 M  g lu -  
cose  is  s h o w n  in  F i g u r e  1. T h e  r e s u l t s  of  t h e  c o w  p r o t e i n  
s t u d i e s  w e r e  s i m i l a r  t o  t h a t  of  t h e  dog .  T h e  r e s p e c t i v e  
a r e a s  c o r r e s p o n d  to  t h e  r e l a t i v e  q u a n t u m  y ie lds .  T h e  a d d i -  
t i o n  of  g l u c o s e  r e s u l t s  in  a d e c r e a s e  of  t h e  q u a n t u m  y i e l d  
of t h e  p r o t e i n  or  a q u e n c h i n g  e f fec t .  T h e r e  does  n o t  a p p e a r  
t o  be  a s h i f t  in  t h e  m a x i m u m  of t h e  c o m p l e x e d  p r o t e i n .  A 
r a n g e  of g l u c o s e  c o n c e n t r a t i o n s  f r o m  0 t o  0.75 M w a s  n e x t  
s t u d i e d  to  d e t e r m i n e  t h e  e x t e n t  of  q u e n c h i n g  w i t h  con -  
c e n t r a t i o n .  T h e  r e s u l t s  of  t h i s  s t u d y  a r e  s e e n  in  F i g u r e  2. 
T h e  q u a n t u m  y i e l d  of  t h e  c o m p l e x e d  p r o t e i n  d e c r e a s e s  
f r o m  0 to  0 . 3 3 M ,  i n c r e a s e s  s l i g h t l y  to  0 . 5 7 M ,  t h e n  de -  
c r e a s e s  to  0 . 7 5 M .  T h e  e f f ec t  of  i n c r e a s i n g  c o n c e n t r a t i o n s  
of  g l u c o s e  a p p e a r s  to  r e s u l t  in  a s i g m o i d a l  q u e n c h i n g  of  t h e  
f l u o r e s c e n c e .  T h e  n a t i v e  p r o t e i n  in  F i g u r e  2 is e x c i t e d  a t  
280 n m  a n d  d i l u t e d  w i t h  b u f f e r  in  e q u a l  v o l u m e s  as  t h e  
e x p e r i m e n t a l  b u t  w i t h o u t  g lucose .  T h i s  c o n t r o l  is n e c e s s a r y  
t o  t a k e  i n t o  a c c o u n t  a n y  c h a n g e s  in  t h e  q u a n t u m  y i e l d  d u e  
t o  i r r a d i a t i o n  a n d  d i l u t i o n  of  t h e  p r o t e i n .  

S u c r o s e  w a s  t h e n  e x a m i n e d  for  t h e  a b i l i t y  t o  m o d i f y  
t h e  q u a n t u m  y i e l d  of  t h e  p r o t e i n  a n d  t h e  r e s u l t s  of  t h i s  
e x p e r i m e n t  a r e  p r e s e n t e d  in  F i g u r e  3. U n l i k e  g lucose ,  t h e  
e f f ec t  of  s u c r o s e  on  t h e  f l u o r e s c e n c e  o f  t h e  p r o t e i n  ~s o n e  
of  e x h a l t a t i o n  o r  i n c r e a s e  of  t h e  q u a n t u m  y ie ld .  T h e  m a g -  
n i t u d e  of  c h a n g e  f r o m  t h e  c o n t r o l  is a l so  g r e a t e r ,  b u t  a g a i n  
a s i g m o i d a l  p a t t e r n  of  c h a n g e  is n o t e d .  T h e r e  is a n  in -  
c r e a s e  f r o m  0 to  0 . 1 8 4 M ,  t h e n  a d r o p  to  0.3& f o l l o w e d  b y  
a s t e e p  r i se  to  0.572~I s u c r o s e .  T h e  e f f ec t  of  s u c r o s e  on  t h e  

H. ]~DELHOClt. R. L. PERLMAN and M. WILCItEK, Ann. N.Y. Acad. 
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s Quantum efficiency of t ryptophau and tyrosine, respectively. 
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Fig. 1. Fluorescence spectra of dog 'sweet-sensitive' protein and the 
protein and glucose complex Conditions: pH 7.1, 0.1 M sodium 
phosphate buffer, 25~ , protein; - --, protein plus 0.095M glucose; 
. . . . .  ,0.095M glucose in buffer. 
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Fig. 2. Protein quantum yields of glucose complexed and free (native) 
dog 'sweet-sensitive' protein. Native or free protein was excited at 
280 nm the same number  of times as the complexed protein, but  with 
dilutions of buffer instead of glucose in buffer. 
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Fig. 3. Protein quan tum yietds of complexes of dog 'sweet-sensitive' 
protein with sucrose. Native or control was the same protein, excited 
at 280 nm the same number  of times as the eomplexed but  with 
dilutions of buffer instead of sucrose in buffer. 
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Fig. 4. Protein quan tum yields ot 7-globulin w wo sucrose. Sucrose 
curve is protein ti trated with sucrose in buffer at concentrations 
indicated and quantum yields determined. Native protein was titrated 
with buffer - 0.1M sodium phosphate pH 7.0 in same volumes as 
sucrose curve. SR, soluble receptor 'sweet-sensitive' protein from the 
dog. Try., tyr., and phen. tryptophan,  tyrosine, and phenylalanine, 
respectively. 
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f luorescence  p a t t e r n  of t he  ' swee t - sens i t ive '  p ro t e in  t h e n  
is qu i t e  d i s s imi la r  to  t h a t  of glucose.  Whi l e  t he  g rea te r  
m a g n i t u d e  of c h a n g e  no t ed  w i t h  sucrose  ve r su s  glucose 
m i g h t  be  d u e  to  t h e  g rea t e r  swee tness  of sucrose  in t h e  
dog 9, t h e  e n h a n c e m e n t  b y  sucrose  a n d  t he  q u e n c h i n g  b y  
glucose is n o t  so eas i ly  expla ined:  One  read i ly  a p p a r e n t  
poss ib i l i ty  is t h a t  t h e r e  are  s epa ra t e  s i tes  for i n t e r ac t i on  
b y  m o n o s a c c h a r i d e s  (glucose) and  d i sacchar ides  (sucrose), 
a n d  t h a t  t h e se  i n t e r ac t i ons  resu l t  in q u e n c h i n g  and  ex- 
ha l t a t i on ,  respec t ive ly .  S tud ies  i nvo lv ing  d i f fe ren t  m o n o -  
saccha r ides  a n d  d i saccha r ides  are in  progress .  

To a sce r t a in  t h e  ab i l i ty  of t he  suga r s  to non-spec i f ica l ly  
affect  t h e  q u a n t u m  yield va lue s  of a pro te in ,  a con t ro l  was  
e x a m i n e d .  Bov ine  ~-globul in  of s imi la r  molecu la r  we igh t  
a n d  a r o m a t i c  a m i n o  acid c o n t e n t  1~ as t he  dog (unpub l i sh -  
ed a m i n o  acid analys is ) ,  was  sub jec t ed  to glucose and  su-  
crose t i t r a t i o n  u n d e r  iden t i ca l  condi t ions .  T h e  resu l t s  of 
t he  sucrose  s t u d y  are p r e s e n t e d  in F igu re  4. T h e  p ro t e in  
t i t r a t e d  w i t h  e i the r  sucrose,  glucose,  or  buf fe r  gave  s imi l a r  
f luorescence  q u a n t u m  yields.  No q u e n c h i n g  or e x h a l t a t i o n  
was  observed .  

T he  i n t e r ac t i o n s  of sucrose  a n d  glucose w i t h  t he  dog 
' swee t - sens i t i ve '  p ro t e in  a p p e a r  to be specific. T h e  f luores-  
cence t e c h n i q u e  wou ld  s eem to be idea l ly  su i t ed  for s t u d y  

of those  i n t e r a c t i ons  because  of t h e  h i g h  s e ns i t i v i t y  of 
emiss ion  of t h e  a r o m a t i c  c h r o m o p h o r e s  11. 

Zusammen/assung. K o m p l e x e ,  welche  das  <~siissigkeits- 
empfindliche~> P ro t e in  m i t  Glukose  u n d  R o h r z u c k e r  bil- 
den,  w u r d e n  m i t  Hilfe  der  F luo re sz e nz -Spe k t ro skop i e  un-  
t e r suc h t .  
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In vitro and in v ivo  Catabo l i sm of Cholesterol  in Meal -Fed  Rats  

A decrease  in feeding  f r e q u e n c y  in ch ickens  1,2 a n d  
r a b b i t s  3 p o t e n t i a t e s  d i s t i n c t l y  t he  effect  of a the rogen ic  
choles tero l  diet .  I n  mea l - f ed  m o n k e y s ,  t he  level  of s e r u m  
choles tero l  is h ighe r  also w h e n  these  are fed a d ie t  w i t h o u t  
choles terol  4. S imi la r  e x p e r i m e n t s  w i t h  r a t s  did  n o t  give 
expl ic i t  r e su l t s :  on ly  in f emales  fed a choles terol  diet  t he  
mea l - f eed ing  r e g i m e n  did increase  cho les t ro lemia  5. On  t he  
con t r a ry ,  we h a v e  f o u n d  in our  e x p e r i m e n t s  t h a t  the  appl i -  
ca t ion  of a long t e r m  mea l - f eed ing  r e g i m e n  in r a t s  ha s  
caused  a choles tero l  a c c u m u l a t i o n  in some  o rgans  a n d  in 
t he  ca rcass  of t h e  e x p e r i m e n t a l  a n i m a l s  also w h e n  a d ie t  
w i t h o u t  choles tero l  was  used.  Therefore  in t h i s  work  we 
h a v e  followed t h e  e x t e n t  of choles tero l  c a t a b o l i s m  to  bile 
ac ids  as  one of t h e  poss ib i l i t ies  t h r o u g h  wh ich  t he  mea l -  
f eed ing  r e g i m e n  in te r fe res  in t he  r egu la t i on  of choles terol  
m e t a b o l i s m .  The re  are no e x p e r i m e n t a l  d a t a  on th i s  pro-  
b l e m  u p  to  now. 

Experimental. I n  all e x p e r i m e n t s  ma le  W i s t a r  r a t s  ini- 
t i a l ly  we ig h in g  a b o u t  220 g, fed a s t a n d a r d  d ie t  6 were 
used.  Th e  con t ro l  a n i m a l s  were fed ad l i b i t u m ;  access to  
food of t h e  a n i m a l s  f r om the  e x p e r i m e n t a l  g roup  was  g rad -  
ua l ly  s h o r t e n e d  in t h e  course  of 8 weeks  down  to  2 h da i ly  
(in t he  f i rs t  2 weeks  8 h dai ly,  in t he  3rd a n d  4 th  week 6 h, 
in t he  5 th  a n d  6 th  week  4 h, in t he  7 th  and  8 th  week  3 h 

daily) .  D u r i n g  t he  fol lowing 35 weeks,  t he  meal - fed  group 
was  fed 2 h da i ly  be tw e e n  08.00-10.00 o'clock. All a n ima l s  
h a d  free access  to  water .  In  all  cases  t he  a n i m a l s  were de- 
c a p i t a t e d  a t  t he  end  of the  e x p e r i m e n t  a f te r  22 h of s tar -  
va t ion .  In  e x t r a c t s  7 of blood se rum,  some  t i s sues  a nd  car- 
cass  s, t o t a l  choles tero l  was  d e t e r m i n e d  9. 

I n  v i t ro  e x p e r i m e n t .  At  t he  end  of t he  e xpe r ime n t ,  im- 
m e d i a t e l y  a f t e r  decap i t a t ion ,  l iver  was  qu ick ly  excized 
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Table I. Cholesterol level in blood serum and organs of ad libitum and meal-fed rats 

Group Serum Liver Small Adrenals Epididymal Brain Carcass 
intestine fat 

No. of animals 10/15 a 10/15 10/15 9/13 10/11 10/15 10/8 
Ad libitum 55 -4- 5 b 273 • 9 208 4- 11 2096 4- 183 35 4- 4 1355 :t: 88 112 4- 8 
Meal-fed 57 4- 4 325 • 27 288 • 17 3260 4. 277 103 4- 8 1371 4- 45 147 • 12 
Statistical significance (P) -- -- < 0.002 < 0.01 < 0.001 -- < 0.05 

aNumber of animals in ad libitum fed group/in meal-fed group, bMean values 4- S.E. The values are expressed in terms of mg per 100 ml of 
blood serum or 100 g of wet wt. of tissue, in the case of carcass per 100 g of dead weight of the animal without gastrointestinal tract. 


