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Cases Basal 1/~ hour 1 hour 2 hours Amounts in 

Triglycerides 9 145 ~ 50.48 179.55 4- 76.46 177.66 ~_ 55.14 147.22 + 55.27 mg/100 ml 
Free fatty acids 9 0.42-- 0.15 0.30=t- 0.16 0.26:t= 0.17 0.334- 0.17 mEq/1 
Total cholesterol 8-9 166.00 4- 28.96 188.88 • 49.49 183.50 • 48.99 178.50 4- 57.82 rag/100 ml 
Blood sugar 9 89.47 =}= 14.8 100.57 4- 12.82 91.57 • 12.73 85.70 • 15.42 mg/100 ml 
Insuline 9 30.11 4- 13.27 49.88 4- 14.32 47.66 4- 16.85 32.44 4- 9.11 ~U/ml 

were t aken  ~/2, 1 and 2 h later.  The following were 
e s t ima ted  in each sample :  free f a t t y  acids n-~a, to ta l  
cholesterol~,~5, triglycerides~8, blood sugarlT, ls and 
serum insulin19 The to ta l  cholesterol  in t he  basal  sample  
and  in t he  1-h and 2-h samples  could onIy be checked in 
8 pa t ien t s .  For  s ta t i s t ica l  t r e a t m e n t ,  t he  resul ts  were 
analyzed by  S t u d e n t ' s  t-test.  
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Comments. The results  are shown in the  Table.  There  
were no s ignif icant  var ia t ions  in serum-choles terol ,  
serum-t r ig lycer ides  and glucose concent ra t ions .  The free 
f a t t y  acids decreased s ignif icant ly  af ter  1 h (p 0.05). 
Serum insulin increased s ignif icant ly  af ter  1/2 h (p < 0.01) 
and  con t inued  to  be high af ter  1 h (p < 0.05). Af te r  2 h 
the  basal  concen t ra t ions  were res tored.  

F r o m  the  foregoing i t  m a y  be deduced  t h a t  galactose 
does no t  exer t  any  inf luence on the  se rum cholesterol ,  
t r iglycer ides  or glucose concent ra t ions .  I t  does, however ,  
p rovide  an effect ive s t imulus  for  t he  secret ion of insulin, 
resul t ing in an appreciable  ant i l ipolyt ic  effect  as demon-  
s t r a t ed  by  the  decrease of free f a t t y  acids, a fact  which  
po in t s  to  t he  possible  ex is tence  of pancrea t ic  recep tors  for 
galactose or to t h e  p roduc t ion  by  the  gut  of some subs tance  
which  increases the  blood sugar  co n t en t  when  galactose is 
present .  

Resumen. La admin i s t rac ion  de 100 g de galactosa  a 
9 voluntar ios  sanos po t  via  oral, demos t ro  ser capaz  de 
elevar  la insulinemia,  sin modif icar  la glucosa en sangre.  
Secundar iamente  se aprecio un descenso de los acidos 
grasos libres. La galactosa puede  ac tua r  d i r ec t amen te  
sobre el pancreas  o a t r aves  del in tes t ino.  
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Calcium in Myonuclei: Electron Microprobe X-Ray 

Our previous  work  wi th  e lectron microprobe  X- ray  
analysis  of e m b e d d e d  th in  sect ions of skeletal  muscle  and  
m y o c a r d i u m  has shown t h a t  calcium can be de tec ted  
and localized at  a subcellular  level and tha t ,  indeed,  the  
h ighes t  in t racel lular  concen t ra t ion  of the  e lement  is in 
the  nucleus 1,~. Here  we reporL fur ther  s tudies  of the  
calcium dis t r ibut ion,  in par t i cu la r  wi th in  the  nucleus, and 
s tudies  of t he  changes occurr ing in condi t ions  known  to 
increase intracel lular  calcium ~. W'e have  been  especially 
concerned  in th is  recent  work  to see how the  observed 
d i s t r ibu t ions  are af fec ted  by  di f ferent  me th o d s  of 
spec imen prepara t ion .  

Three  types  of p r epa ra t i on  were s tudied,  a) Frogs '  
sar tor ius  muscles  were f ixed and e m b e d d e d  in var ious  
ways  (some are shown in Table  I). b) Hea r t s  of rats,  e i ther  
un t r ea t ed  (controls) or in jec ted  wi th  i soproteranol  
(100 mg/kg  i.p. 6 h before sacrifice), were f ixed in a 
m ix tu r e  of 1% osmium and 2% p y r o a n t i m o n a t e  (K~H~Sb~. 
4H20) 3. The embedd ing  was e i ther  convent iona l  in 

Analysis 

E p o n  812 or in a polymer izable  mix tu re  of 50% glutaral-  
dehyde  and  urea in which  d e h y d r a t i o n  is o mi t t ed  4. 
c) Biopsies were t a k e n  f rom the  hea r t  of an open-ches ted  
dog dur ing slow and  fast  hea r t  ra tes  induced  by  electrical  
pacing ~. The t issue was f ixed in a mix tu re  of osmium plus 
p y ro an t i mo n a t e ,  as in b), dehydra ted ,  and emb ed d ed  in 
E p o n  812. 
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Table 1. Calcium analyses of frog muscle fixed in various ways 
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Fixation Embedding Area [P-B]/B in 100 sec Co~ in %b 
(energy dispersive (crystal diffractive 
analysis) analysis) 

1/2 h in Nucleus dark 0.31 (2.3) ~ 0.48 (1.8) ~ 
2% glutaraldehyde GlutaraIdehyde Nucleus pale 0.13 0.27 
+0.2 M cacodylate buffer + urea Cytoplasm none detected 

1 h in Glntaraldehyde Nucleus dark 0.92 (1.4) not done 
1% Os04 + urea Nucleus pale 0.66 
+ 1% oxalate Cytoplasm 0.47 
+ 0.1 M cacodylate buffer Cell wall 0.52 

Osmium + Glutaraldehyde Nucleus dark < 0.49 �9 (2.3) 0.54 (2.4) 
pyroantimonate + urea Nucleus pale < 0.21 0.23 
solution Cytoplasm % 0.28 

Osmium + dehydration Nucleus dark < 0.25 (3.1) 0.41 (1.8) 
pyroantimonate and epon Nucleus pale < 0.08 0.23 
solution Cytoplasm < 0.14 

Ca concentration is less than  tabulated here since the tabulated figure for energy-dispersive analyses includes both Ca and Sb radiation 
in the case of material fixed in pyroantimonate,  b Co~ is the local mass fraction, i.e. g of calcium per g of tissue, in the form in which the 
specimen exists during analysis. Beam-induced loss of organic mass may  raise the values above the true mass fractions prior to analysis. 
o Figures in brackets give the ratios of Ca readings in dark and pale areas of the nucleus. Energy-disperse and diffracting-crystal measure- 
ments  on different fields. 

T h i n  s e c t i o n s  ( 1 0 0 - 1 5 0  n m )  w e r e  c u t  f r o m  all  t h e  
s a m p l e s  on  t o  f o r m v a r  a n d  c a r b o n - c o a t e d  g r ids .  T h e y  
we re  e x a m i n e d  u n s t a i n e d  w i t h  t h e  E M M A - 4  a n a l y t i c a l  
e l e c t r o n  m i c r o s c o p e  ( A E I  Sc i en t i f i c  A p p a r a t u s ,  L t d . ,  
E n g l a n d ) .  T h e  p r i n c i p l e s  of  X - r a y  m i e r o a n a l y s i s  a re  n o w  
g e n e r a l l y  wel l  k n o w n  a n d  m a n y  r e p o r t s  o f  w o r k  w i t h  t h e  
E M M A - 4  e x i s t  6, 7. 

F o r  t h e  d e t e c t i o n  of c a l c i u m  X - r a y s ,  b o t h  a d i f f r a c t i n g  
c r y s t a l  s p e c t r o m e t e r  w i t h  p e n t a - e r y t h r i t o l  d i f f r a c t o r  a n d  
a K e v e x  Si(Li)  ' e n e r g y - d i s p e r s i v e '  s p e c t r o m e t e r  w e r e  
e m p l o y e d .  T h e  d i f f r a c t i n g  s y s t e m  se l ec t s  r a d i a t i o n  
a c c o r d i n g  to  w a v e  l e n g t h  w i t h  e x c e l l e n t  d i s c r i m i n a t i o n  
( fu l ly  r e j e c t i n g  a n t i m o n y  r a d i a t i o n ,  for  e x a m p l e ,  w h e n  
s e t  for  c a l c i u m ) .  T h e  e n e r g y - d i s p e r s i v e  s y s t e m ,  w h i c h  is 
b a s e d  o n  t h e  c o n v e r s i o n  of  X - r a y  q u a n t u m  e n e r g i e s  t o  
e l e c t r i c a l  p u l s e  h e i g h t s ,  is n o t  so  d i s c r i m i n a t i n g  b u t  does  
r e c o r d  s i m u l t a n e o u s l y  m o s t  of  t h e  X - r a y  s p e c t r u m .  A n  
a c c e l e r a t i n g  v o l t a g e  of  40 k V  w a s  u s e d ,  w i t h  p r o b e  
c u r r e n t s  b e t w e e n  10 a n d  80 n A  a n d  a p r o b e  d i a m e t e r  of  
a p p r o x i m a t e l y  200 n m .  20-sec  r e c o r d i n g s  w e r e  m a d e  of  
p e a k  c o u n t  (P)  w i t h  t h e  d i f f r a c t i n g  c r y s t a l  s p e c t r o m e t e r  
s e t  for  c a l c i u m  K~, a n d  b a c k g r o u n d  (B) o f f s e t  f r o m  t h e  
c a l c i u m  p o s i t i o n .  T h e  ' w h i t e '  r a d i a t i o n  (W) w a s  n o t e d  a n d  

c o r r e c t i o n s  we re  m a d e  for  t h e  s u p p o r t i n g  f i l m  (Wb). 
T h e  d a t a  a l l o w e d  t h e  c a l c u l a t i o n  of  r e l a t i v e  m a s s  f r a c t i o ~ s  
(R = [ P - B ] / [ W - W b ] )  a n d  t h e  c a l c i u m  c o n c e n t r a t i o n  in  
e a c h  m i c r o v o l u m e  a n a l y z e d  ~. S p e c t r a  d i s p l a y e d  o n  t h e  
T V  d i s p l a y  of  t h e  Si(Li)  d e t e c t o r  we re  p h o t o g r a p h e d  a f t e r  
100-sec  a n a l y s i s .  T h e  c a l c i u m  K s X - r a y s  w e r e  a n a l y z e d  
s t a t i s t i c a l l y  b y  s u b t r a c t i o n  of  t h e  b a c k g r o u n d  f r o m  p e a k  
i n t e g r a l s ,  a n d  t h e  v a l u e  [ _ P -  B ] / B  w a s  c a l c u l a t e d  as  a n  
a l t e r n a t i v e  m e a s u r e  of  r e l a t i v e  c a l c i u m  m a s s  f r a c t i o n  
w h e r e  c o n t i n u u m  c o u n t s  W w e r e  n o t  s e p a r a t e l y  r e c o r d e d .  
T h e  f i g u r e s  g i v e n  in  t h e  T a b l e s  a r e  a v e r a g e s  of  2 - 4  r e a d i n g s  
w i t h  a m o d e r a t e  s c a t t e r  w h i c h  is  p a r t l y  d u e  t o  t e c h n i c a l  
d i f f i cu l t i e s  o f  b e a m  l o c a l i z a t i o n  ~. T h u s  t h e  r e s u l t s  a r e  
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]'able II. Relative mass fractions of calcium in Os + Sb fixed myocardium 

Specimen Embedding R Specimen normalized to R Standard 

Nucleus Sareomere 

Rat heart  control 
Rat  heart  control 
Rat  heart  6 h after isoproteranol 
Rat heart 6 h after isoproteranol 
Dogs heart slow rate 
Dogs heart fast rate 

Dehydration and epon 0.0148 0.0012 
Glutaraldehyde + urea 0.0269 0.0115 
Dehydration and open 0.0141 0.0045 
Glutaraldehyde + urea 0.0160 0.0450 
Dehydration and epon ~(17) 0.0306 ~: 0.0116 (19) 0.0056 ~ 0.0059 
Dehydration and epon a(14) 0.0213 • 0.0063 (21) 0.0127 q- 0.0054 

in brackets - number  of areas analyzed; in rats hearts the figure is an average of 2--4 areas, 



156 Specialia EXPERIENTIA 31/2 

only semi-quan t i t a t ive .  Never theless ,  t h e y  seem to be 
wi th in  t he  range of calcium values ob ta ined  by  o ther  
me thods  9-13 

I r respect ive  of the  m e t h o d  of t issue prepara t ion ,  calcium 
is easily de tec ted  in myonucle i  (Table I). E x t r a n u c l e a r  
calcium could be measured  wi th  EMMA-4 only af ter  
osmium fixat ion.  Glu ta ra ldehyde  f ixa t ion  or pyro-  
an t imona t e  alone 1, a t  a p H  of 7-7.6, do no t  lead to 
cy toplasmic  detect ion.  E m b e d d i n g  in g lu ta ra ldehyde  and 
urea gives higher  calcium X - r a y  emission t h a n  the  same 
specimen t r ea t ed  convent iona l ly  (Table II).  I t  appears  

Fig. i. Transverse section of frog's sartorius. Minimal preparation, 
glutaraldehyde and urea embedding, unstained 150 nm section. The 
nucleus has pale euchromatin (A) and dark heteroehromatin (B). 
The sarcoplasm (C) has poor contrast. On right : Photo of superposed 
X-ray spectra in the 2-4 keV range, obtained with 100 sec analysis, 
using the Si(Li) detector. The spectrum from the pale area A is 
displayed in solid white, while the spectrum from the dark area B is 
displayed by the dots. The 4 readily observed peaks, going from left 
to right, are sulphur at 2.31 keV, chlorine at 2.62 keV, potassium art 
3.31 keV and calcium at 3.69 keV. The calcium peak stands out in the 
dotted spectrum from the heteroehromatin but is only marginally 
detectable in the other spectrum. 

t ha t  alcohol d e h y d r a t i o n  produces  a calcium efflux even 
af ter  the  cat ion has been p rec ip i t a t ed  wi th  pyroan t i -  
monate .  

W h a t  also emerges  in Table I is t h a t  e lec t ron-dense  
pa r t s  of t he  nucleus (he te rochromat in  of the  margins  
and  the  nucleolus) have  a m u c h  higher  concen t ra t ion  of 
calcium t h a n  o ther  locations.  The ra t io  be tween  calcium 
emissions f rom the  da rk  and  pale pa r t s  of the  nucleus 
varies w i th  spec imen prepara t ion ,  being lowest  af ter  
osmium and oxalate  f ixat ion.  Specimens  which  were 
t r ea ted  minimal ly  (half  an hour ' s  f ixat ion in 2% glutaral-  
dehyde  wi th  0.2 M eacodyla te  buffer,  followed direct ly  by  
embedd ing  in 50% g lu ta ra ldehyde  and  urea) had  very  
l i t t le con t ras t  (Figure 1). Never theless ,  the  nuclei could 
be visual ized and the  di f ferent  calcium localizations could 
be demons t ra t ed .  The p reponde rance  of calcium in the  
he t e roch roma t in  as compared  wi th  euch roma t in  was also 
seen in myocard ia l  nuclei  (Figure 2). 

The in format ion  ob ta ined  f rom the  various expe r imen t s  
on myocard ia  of ra t s  and dogs (all f ixed in the  osmium 
and p y r o a n t i m o n a t e  mixture)  is summar ized  in Table  II .  
In  the  nucleus only the  readings  f rom regions r ich in 
h e t e ro ch ro ma t i n  are recorded.  Once again, more  calcium 
is r e ta ined  in t issues no t  sub jec ted  to  alcohol dehydra t ion .  

The results  given as re la t ive calcium mass  f ract ions  
indicate  t h a t  6 h af ter  an i.p. in jec t ion  of i soproteranol  
the re  is an enormous  increase in myofibr i l lar  calcium, 
while the  nuclear  calcium decreases.  

Similar increased calcium concen t ra t ion  in sarcomeres  
and  decreased myonnc lea r  concen t ra t ion  were found  when  
the  dog 's  hea r t  ra te  was a l tered  f rom very  slow (70 bea t s  
per  min) to very  fas t  (250 bea ts  per  min).  The cell 
nucleus has a s ignif icant  concen t ra t ion  of inorganic  salts, 
t h o u g h t  to be re la ted  to  r ibonuc leopro te in  par t ic les  and  to 
R N A  synthes is  14. The calcium concen t ra t ion  in the  nucleus 
appears  to  be a t  least  twice t h a t  elsewhere in the  celN ~ 11 
and isolated myonucle i  can t ake  up and  b ind  calc ium 
from ba th ing  solut ions agains t  a s teep chemical  g rad ien t  11. 
A l though  the  specific func t ion  of myonuc lea r  calcium is 
unknown,  a role in energy  inac t iva t ing  processes and  
amino acid t r a n s p o r t  has  been  pos tu l a t ed  11 

These decreases in myonuc lea r  calcium, in condi t ions  
where  intracel lular  calcium increases,  are diff icult  to  
in terpre t .  I t  m a y  only mean  t h a t  there  was a dispersal  
of the  cat ion in the  nucleoplasm, leading to  lower counts  ; 

9 G. A. gANGER, Physiol. Rev. 48, 708 (1968). 
lo K. 0KASAKI, K. H. SHULL and T. FARBER, J. biol. Chem. 2d3, 4661 

(1968). 
11 R. L. KLEIN, C. R. I-IOLTON and A. TItURESON-t~-LEIN, Am. J. 

Cardiol. 25, 300 (1970). 
12 A. A. YUNICE, D. L. BAXTER and R. D. LINDEMEN, Proe. Soe. 

exp. Biol. Med. ldd, 273 (1973). 
la E. PACE, J. gen. Physiol. 57, 211 (1968). 
14 L. L. TRES, A. L. KIERZENBAOM and C. J. TANDLER, J. Cell Biol. 

53, 483 (1972). 

Fig. 2. Dog's myocardium fixed with osmium and pyroantimonate. 
Examination without a deeontaminator left burn marks at the sites 
of analysis. The nucleus has pale, ehromatin-poor 'euchromatin' 
areas (A) and dense chromatin-rich 'heterochromatin' areas (B). The 
illuminated area in each spectrum is centred on the calcium Kc~line 
at 3.69 keV, as can be seen from the position of the centreqine of the 
band, but the spectral peaks are shifted to the left by the contribution 
of the antimony c~ line at 3.60 keV. There is no problem in resolving 
these elements with a diffracting crystal spectrometer. 
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t h e n  again, it  m a y  be t h a t  t he  in t ranuc lear  calcium takes  
pa r t  in in t racel lular  calc ium kinetics.  W h e t h e r  the  
changes  are re la ted  to  mechanica l  muscle  ac t iv i ty  or are  
an express ion of a d a p t a t i o n  processes  remains  unclear.  

Rdsumd. L'ana lyse  par  microsonde 61ectronique des 
cellules musculaires  mo n t r e  de hau tes  concen t ra t ions  de 
calc ium dans  tes n o y a n x ;  la concen t ra t ion  peu t  fitre 
modifi6e pha rmaco log iquemen t  ou par  ,pacemaker~  
61ectrique 
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Organophosphate-Detoxicating Enzymes in E. coli. 
Paraoxonase and Unspecific Phosphohydrolases 

Toxic o rgan0phospha tes ,  common ly  known  as insec- 
t icides or as nerve  gases, are inhib i tors  of chol inesterases ,  
t h e r e b y  blocking nerve  t rans ln iss ionL Some hydro ly t i c  
enzymes  ( ' phosphory lphospha tases ' )  are capable  of 
sp l i t t ing  the  ac idanhydr ide  bond  of o rganophospha te  
poisons,  forming  non- tox ic  o rganophosphorus  acid2, ~. 
The following pape r  describes the  enzymat i c  organo- 
p h o s p h a t e  de tox ica t ion  by  E. coli phosphohydro lases .  
Two de tox ica t ing  enzymes  were fmmd,  a D F P a s e  (E.C. 
3.8.2.1) and  a pa raoxonase  (arylesterase,  E.C. 3.1.1.2). 

D F P a s e - a c t i v i t y  was de t e rmined  by  3 me thod s  wi th  
d i - i sopropyl f luorophospha te  (DFP) as subs t ra te :  t i t r i -  
met r ica l ly  4, manome t r i ca l l y  5 or by  measur ing  the  liber- 
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Fig. 1. Geliiltration of E. coli extract on Sephadex G-200 (2.5 • 73 cm). 
4 mi extract (2 g wet ceils) containing 73 mg protein and 562 mU 
DFPase were fraetionated at I~ flow rate: 0.2 ml/min. O, protein 
(E 1 emx 260J; �9 DFPase (mU/ml). 

Gelfiltration and Isoelectric Focusing of DFPase, 

a ted  fluoride wi th  an ionsensi t ive  electrode ~. P a r a o x o n a s e  
was tes ted  color imetr ical ly  wi th  0 ,0-die thyl-0-p-ni t ro-  
p h e n y l p h o s p h a t e  (paraoxon)7. Alkaline and acid phos-  
pha t a se  were measured  color imetr ical ly  wi th  p -n i t rophe-  
n y l p h o s p h a t e  in 0.2 M Tris-buffer at  p H  9 and p i t  6, the  
absorbance  at  405 n m  was read  af ter  d i lu t ing  samples  
w i th  1 M sodium hydroxide .  Phosphod ies te rase  de te rmi-  
na t ions  were pe r fo rmed  wi th  bis-p-nitrophenylphosphate 
at  p H  8 in the  same way. All t e s t s  were pe r fo rmed  at  
25 ~ ac t iv i ty  is expressed as 1 amole  subs t ra te  hydrol -  
yzed per  min.  E. coli K12sr ex t rac t s  were p repa red  accord- 
ing to MCILwAIN 8. The ex t rac t  was f rac t iona ted  by  gelfil- 
tratioI1 on a Sephadex  G-200 columnl the  elut ion d iagram 
for p ro te in  und  D F P a s e  is shown in Figure 1. The dis t r ibu-  
t ion  coefficients (Kd-valus) of the  2 D F P a s e  peaks  were 
calcula ted 9 and  compared  wi th  those  of Other phospho-  
hydrolases  in a second expe r imen t  on the  same column 
(Table I). 

D F P a s e  and  paraoxonase  could clearly be sepera ted  by  
gelf i l t ra t ion;  no over lapping  ac t iv i ty  was de tec ted :  
D F P a s e  f ract ions  did no t  hydro lyze  p a r ao x o n  and  vice 
versa. There  was no hydrolys is  of p - n i t r o p h e n y l p h o s p h a t e  
at  acid or alkaline p i t  or of bis-p-nitro-phenylphosphate 
by e i ther  the  D F P a s e  or pa raoxonase  conta in ing  frac- 
t ions. The phosphohydro lases  in E. coli ex t rac t s  were 
addi t iona l ly  subjec ted  to free p repa ra t ive  isoelectric 
focusingl0,n .  Four  D F P a s e  peaks  wi th  is0electric poin ts  
of 5.3, 5.7, 6.1 and  7.8 were found  (Figure 2). The iso- 
electric po in t s  of the  o ther  phosphohydro la ses  were de- 
t e rmined  in an ident ical  way  in a d i f ferent  exper iment ,  
the  isoelectric po in t s  are l is ted in Table II .  The phospho-  
hydrolases  of E. coli showed similar  or even  ident ical  
isoelectric points ,  so, in con t ras t  to  t he  gelf i l t rat ion 
exper iment ,  t h e y  could no t  be separa ted  by  th is  method .  

Coli D F P a s e  has  a low subs t ra te  af f in i ty  (Km 1.7 • 10 -~ 
M/1 for DFP)  and  shows pure  MICHAELIS-MENTEN kinetic 
(Figure 3). The p H - d e p e n d e n c e  of coli D F P a s e  is shown 

Table I. Distribution coefficients (Kd-valus) of E. coli phospho- 
hydrolases oI~ Sephadex G-200 (2.5 • 73 cm) 

Enzyme Kd-valus 

DFPase 0.21 
Paraoxonase 0.11 
Acid phosphatase 0.39 
Alkaline phosphatase 0.42 
Phosphodiesterase 0.40 

0.31 
0.55 0.66 

Table II. Isoelectric points of E. coli phosphohydrolases determined 
by free preparative isoelectrie focusing in 2% ampholine, pH 3-6 

Enzyme Isoelectric points 

DFPase 5.3 5.7 6.1 7.8 
Paraoxonase 5.3 5.6 6.2 
Acid phosphatase 4.9 5.3 6.4 
Alkaline phosphatase 4.8 5.3 
Phosphodiesterase 5.0 5.3 5.6 6.3 


