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Table II. Effect of dietary fats on liver enzymes 
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Diets 

Enzyme Safflower oil Coconut oil Hydrogenated vegetable fat Fat-free Fat-free with 
cholesterol 

a-glycerol p-dehydrogenase (E.C.1.1.1.8) 8.9=}=1.5 
Glycerol kinase (E.C.2.7.1.30) 0.85• 
Citrate cleavage enzyme (E.C.4.1.3.7) 2.25=s 
Malic enzyme (E.C.1.1.1.38) 3.4~=1.2 
Malate dehydrogenase (E.C.1.1.1.37) 25.5t 4.7 
Isocitrate dehydrogenase (E.C.1.1.1.42) 24.5• 

10.1~2.1 9 .2~1.9 13.4~2.5 14.5~2.7 
0.9~0.15 0 .9 i0 .19  1.2~0.1 1 .2 i0 .12  
5 .7 i0 .20  5.3~0.35 8.5~1.2 10.1!1 .2  
10.75~1.6 10.55i2.25 17.6 i4 .56  18.9~4.5 
27.9~4.7 27.0~5.2 28 .5 i3 .8  28.5• 
25 .7 i3 .7  26.5~2.9 28.9~4.9 29.5~4.7 

The above values are units of the enzyme/g liver. 1 unit of the enzyme in all the cases is taken as the amount  which causes an optical density 
change of 0.001 per rain in the system. The figures are the mean of 8 values along with SD. 

p r o v i d e  s u p p o r t i n g  e v i d e n c e  for  t h e  h y p o t h e s i s  t h a t  E F A  
d e f i c i e n c y  c a u s e s  a l t e r a t i o n s  in  c e r t a i n  s t r u c t u r e s  of  t h e  
a n i m a l  t i s s u e s  1~. P r e v i o u s  w o r k  f r o m  t h i s  l a b o r a t o r y  
( u n p u b l i s h e d  d a t a )  r e v e a l e d  t h a t  h i g h  a m o u n t s  of  d i e t a r y  
s a t u r a t e d  f a t  c a u s e d  a m a r k e d  d e c r e a s e  in  P U F A  l eve l s  
in  t h e  m i t o c h o n d r i a ,  e s p e c i a l l y  in  t h e  m i t o c h o n d r i a l  
p h o s p h o l i p i d s ,  a n d  t h e  s t r u c t u r a l  a l t e r a t i o n s  we re  p r o b -  
a b l y  c a u s e d  b y  t h e  l a c k  of  P U F A  in  t h e  t i s s u e .  T h e s e  in  
t u r n  m i g h t  b e  r e s p o n s i b l e  fo r  t h e  d i f f e r e n c e s  n o t e d  in  t h e  
m i t o c h o n d r i a l  e n z y m e  leve ls .  

T h e  g e n e r a l  n a t u r e  of  t h e  e n z y m a t i c  c h a n g e s  n o t e d  
h e r e  a r e  c o n s i s t e n t  w i t h  t h e  p r e v i o u s  r e p o r t s  w h i c h  in-  
d i c a t e d  t h a t  a s  t h e  f a t  c o n t e n t  of  t h e  d i e t  d e c r e a s e d ,  r a t e s  
of  f a t t y  ac id  s y n t h e s i s  a n d  t h e  e n z y m e  a c t i v i t i e s  i n v o l v e d  
in  t h e s e  f u n c t i o n s  i n c r e a s e d .  I n  a d d i t i o n ,  o u r  r e s u l t s  a lso  
s h o w  t h a t  t h e  a c t i v i t i e s  of  m a n y  of  t h e s e  e n z y m e s  a r e  
a l t e r e d  as  a f u n c t i o n  of  u n s a t u r a t e d  f a t  i n t a k e .  T h e  dif-  
f e r e n c e s  in  t h e  l i ve r  f a t t y  a c i d  p rof i l e  d u e  t o  t h e  f e e d i n g  
of d i f f e r e n t  f a t s  to  r a t s ,  w h e n  a c c o m p a n i e d  b y  t h e  c h a n g e s  
in  t h e  e n z y m a t i c  l eve l s  n o t e d  he r e ,  a r e  in  s u p p o r t  of  t h e  
o b s e r v a t i o n s  m a d e  b y  ALLMAN e t  al. 3. 
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Summary.  T h e  E S R - s p e c t r a  of  n i t r o x y M a b e l l e d  a m y l o s e s  ( m o l e c u l a r  w e i g h t  14,000) s h o w  a n i s o t r o p i c  e f fec t s .  D e p o l y -  
m e r i z a t i o n  w i t h  a - a m y l a s e  a l t e r s  t h e  s p e c t r a ,  a n d  t h e  r a t e  of  c h a n g e  is d e p e n d e n t  o n  c o n c e n t r a t i o n  of  e n z y m e .  

W h e n  a n i t r o x y l  g r o u p  is i n t r o d u c e d  i n t o  a m a c r o -  
m o l e c u l e ,  t h e  E S R  s p e c t r u m  of  t h e  s p i n - l a b e l l e d  c o m -  
p o u n d  in  s o l u t i o n  r e f l e c t s  i t s  m o l e c u l a r  size.  T h e  r e l a t i v e l y  
s l ow  t u m b l i n g  of  t h e  l a r g e  m o l e c u l e  c a u s e s  i m p e r f e c t  
a v e r a g i n g  of  a n i s o t r o p i c  m a g n e t i c  i n t e r a c t i o n s ,  a n d  t h e  
r e s u l t i n g  s p e c t r u m  d i f fe r s  f r o m  t h a t  o b s e r v e d  for  a s m a l l  
n i t r o x i d e .  T h e  a f f e c t  h a s  b e e n  a p p l i e d  in  t h e  s t u d y  of  
p r o t e i n s  1 a n d  s y n t h e t i c  p o l y m e r s  2. T h e  e x p e c t a t i o n  t h a t  
s u c h  e f f ec t s  w o u l d  be  o b s e r v e d  a lso  fo r  s p i n - l a b e l l e d  
a m y l o s e  f o r m e d  t h e  b a s i s  o f  t h e  p r e s e n t  w o r k  a. S ince  t h e  
E S R - s p e c t r u m  w o u l d  d e p e n d  o n  m o l e c u l a r  size,  i t  s h o u l d  
f u r t h e r m o r e  be  s e n s i t i v e  t o  d e p o l y m e r i z a t i o n .  T h e  a c t i o n  
of  a m y l a s e  c o u l d  t h e r e f o r e  be  r e c o r d e d  as  a c o n t i n u o u s l y  
c h a n g i n g  s p e c t r u m .  S y n t h e t i c  d y e s  h a v e  b e e n  l i n k e d  t o  
a m y l o s e  s u b s t r a t e s  for  t h e  p u r p o s e  of  a s s a y i n g  a m y l a s e  4-6. 
T h e s e  m e t h o d s ,  h o w e v e r ,  a l l  i n v o l v e  s a m p l i n g ,  w h e r e a s  
t h e  u s e  of  a s p i n - l a b e l l e d  s u b s t r a t e  o f fe r s  t h e  p r o s p e c t  of  
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observing fast depolymerization continuously. A nitronyl 
nitroxide 1 and a piperidine nitroxide 3 were used as 
labelling reagents in the present study. 

Mater ials  and methods. 2-Chloromethyl-l,3-dioxy-4, 
4,5,5-tetramethyl-4,5-dihydroimidazole 1 and the me- 
thoxymethyl  compound 2 were prepared by general me- 
thods ~ described for nitronyl nitroxides. 4-Isothiocyana- 
to-2, 2, 6, 6-tetramethylpiperidinooxyl 3 was supplied by 
Syva (Palo Alto, California). The amylose (Merck soluble, 
dry according to Zulkowsky) was treated with the chlo- 
romethyMabel 1 ill dry dimethylsulphoxide with silver 
oxide as catalyst for 4 days at room temperature. The 
catalyst  was removed by filtration and gradual addition of 
methanol to the filtrate. The labelled amylose was finally 
precipitated by saturating the solution with methanol. 
Treatment  with the isothiocynato-label 3 was carried out 
in dimethylsulphoxide for 3 days at room temperature 
and 2 h at 40~ ESR-spectra  were recorded on a Decca 
X-1 spectrometer with manganese-magnesium oxide as 
calibration standard. Modulation amplitudes used were 
less than half the line-widths. The concentration of spin- 
labelled amylose was 30 mg/ml H~O. 

Results  and discussion. Amylose alkylated with 2-chlo- 
romethyl-1,3-dioxy-4,4,5, 5-tetramethyl-4, 5-dihydro-imid- 
azole 1 showed line broadening in the ESR-spectrum 
(Figure 1). The shape of the spectrum was unchanged at 
lower concentrations and also when unlabelled amylose 
was added to double the total  carbohydrate concentra- 
tion. Therefore, although broadened spectra may be ob- 
tained for nitronyl nitroxides in viscous solvents s, the 
effect here is due to a t tachment  of the nitroxyl system to 
the macromolecule. This is also evident from comparison 
with the spectrum (Figure 2) of the model compound 2. 
This compound is structurally similar to the labelled amy- 
lose in the immediate vicinity of the nitroxyl group, as 
confirmed by UV-spectroscopy (310, 320 nm), but  has a 
much lower molecular weight. Both spectra have the 
multiplicity of 5 • 3 lines due to hyperfine coupling by 2 

nitrogen and 2 hydrogen nucleiT, but that  of the amylose 
is less resolved due to line-broadening. The ESR-spectrum 
of similarly labelled maltose also shows greater resolution 
than that  of the amylose. 

Reaction of the labelled amylose with a-amylase re- 
sulted in a spectrum of increased resolution (Figure 3). 
Graphs of line height against t ime for various enzyme 
concentrations took the form shown (Figure 4). These 
show regular dependence on enzyme concentration, and 
drop-off ill rate with inhibition by product. The amylose 
had an approximately 40 % lower rate of enzymolysis than 
normal amylose, which compares well with other artificial, 
for example, dyed 4-s, substrates used to determine en- 
zyme activity. 

The ESR-spectrum of amylose treated with 4-isothio- 
cyanato-2,2,6,6-tetramethylpiperidinooxyl 3 consisted 
of 3 lines of different intensities. In contrast, 3 almost 
identical lines are observed in the spectrum of the free 
nitroxide label 9. Treatment  of the labelled amylose with 
s-amylase produced increases in the line-intensities (Fi- 
gure 5) tending towards equalization. Dependence of 
these changes on enzyme concentration was similar to 
that  for the starch labelled with the nitronyl nitroxide 1. 
Motion of the label relative to the macromolecule is pre- 
ferably minimal, and nitronyl nitroxide derivatives are 
known to exhibit hindered rotation of the ring ~. The ni- 
tronyl nitroxide label does not however seem to have a 
greater sensitivity to depolymerization than the piperi- 
dine nitroxide. Also, the more complex spectrum of the 
former system increases the difficulty of interpreting 
anisotropic effects s. 

Interpretat ion in kinetic terms of the spectroscopic 
changes observed on enzymolysis requires information on 
the relationship between molecular weight and spectrum. 
Rotational correlation times (zc), which are a measure of 
molecular motion and hence of molecular size, may be 
calculated for spin-labelled macromolecules as a function 
of line-shapes 1~ The spectrum of the amylose labelled 

/ 

1 I 3 Gauss 

Fig. 1. ESR-spectrum of i-labelled amylose. 

3 Gauss 

Fig. 2. ESR-spectrum of 2. 
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assigned ~. This is more  cons i s ten t  wi th  a spherical  shape  
t h a n  the  helical conformat ion ,  which  would resul t  in an 
ex tended ,  rod-like molecule. The s t rong dependence  of the  
E S R - s p e c t r u m  on initial  ra te  of enzymolys is  indicates  
t h a t  mot ion  of the  ent i re  molecule, r a the r  t h a n  of chain  
segments  or  of t he  label re la t ive  to  t he  chain,  is i m p o r t a n t  
in deciding the  shape  of the  spec t rum.  This  is cons i s ten t  
wi th  the  observa t ion  for po lys ty rene  2 t h a t  reor ien ta t ion  
of the  chain becomes i m p o r t a n t  spectroscopical ly  only  a t  

3 Gauss 

Fig. 3. ESR-speetrum of lqabelled amylose after treatment with 
~-amylase. 

10 Gauss 

t=(mm) 

Fig. 5. Changes in ESR-spectrum of 3qabelled amylose during treat- 
ment with ~-amylase. 
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Fig. 4. Plot of line height (x • in Figure 1) of ESR-speetrunl of 
I-labelled amylose against time for various concentrations of ~- 
amylase. 

w i th  r eagen t  3 yields the  value re ~ 1.1 • 10 -9 sec. The 
value of zo will reflect  molecular  size for spher ical ly  sym-  
metr ic  mo t ion  of a rigid molecule.  The conformat ion  of 
amylose  in aqueous  solut ion has  been  a m a t t e r  of cont ro-  
versy  unt i l  re la t ively  recen t ly  when,  on the  basis  of vis- 
cosi ty  measuremen t s ,  the  r a n d o m  coil conformat ion  was 

molecular  weights  above 50,000 (500 mo n o mer  units).  
This m a y  be compared  wi th  the  molecular  weight  of 
14,000 (100 glucose units) for the  amylose used in the  pre-  
sen t  s tudy .  Segmenta l  r eor ien ta t ion  should ill any  case be 
less i m p o r t a n t  for amylose,  in wh ich  there  is the  possibili- 
t y  of in t ramolecular  hydrogen-bond ing .  I n t e rp r e t a t i on  
of the  spec t ra  in kinetic  t e rms  is being developed.  

The t echn ique  shows some promise  as a cont inous  
spectroscopic  me t h o d  of observ ing  depolymer iza t ion  re- 
actions,  and  m a y  find appl ica t ion  in par t icu lar  to fas t  
reac t ions  or the  de tec t ion  of subt le  kinet ic  differences be- 
tween  m u t a n t  enzymes.  I t  should  also be no ted  t h a t  the  
reverse spectroscopic  changes  would take  place on poly-  
mer iza t ion  of labelled reac tan t ,  so t h a t  the  m e t h o d  m a y  
be appl icable  to cer ta in  po lymer iza t ion  processes.  
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